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TO   THE    RIGHT   HONOURABLE 


FREDERICK  JOHN  ROBINSON,  VISCOUNT  GODERICH. 


My  Lord, 

The  various  wants  of  society  are  supplied  by  the  daily  operations  of  human  industry ;  but  with  the 
increase  of  society  those  wants  accumulate,  and  ingenuity  is  then  compelled  to  exert  itself,  to  abridge 
manual  labour,  and  render  it  more  productive.  Yet  how  many  genns  of  invention  blossomed  before 
London  was  illumined  by  gas,  or  the  vast  Atlantic  was  navigated  by  a  steam  vessel?  Three  hundred 
years  ago,  the  diligence  of  the  press  began  to  multiply  the  erudition  of  the  ancients :  this  mighty  engine 
has  rolled  on  the  tide  of  discovery  in  a  rapid  and  majestic  stream  ;  the  age  of  science  has  siiccceded  the 
age  of  literature;  and  a  rational  philosophy  has  invested  our  species  with  a  full  blaze  of  intellectual  glory. 
Mankind  now  universally  acknowledge,  that  we  are  indebted  for  many  of  the  comforts,  enjoyments,  and 
delicacies  of  civilized  life,  to  the  prodigious  improvement  and  extension  of  scientific  pursxiits,  since  the 
genius  of  observation  and  experiment  dawned  upon  European  society.  Among  the  sciences  which  have 
contributed  to  furnish  these  comforts,  there  is  none  that  ranks  higher  than  Mechanics,  for  it  is  indisputable 
that  several  popular  sciences  are  but  handmaids  to  this  ;  and  if  we  look  around  us  at  all  the  stupendous 
undertakings  going  on  in  the  world,  we  shall  find  them  moved  by  machinery,  or  constructed  by  means  of 
artificers,  whose  operations  proceed  entirely  upon  mechanical  principles. 

A  Dictionary  of  Mechanical  Science  necessarily  includes  definitions  and  illustrations  of  numerous 
peculiar  words  and  terms  of  expression  found  only  in  the  works  of  those  authors  who  have  written  on  the 
Mathematical  Sciences.  To  furnish  precise  ideas,  and  yet  brief  explanations,  of  all  such  words  and  terms, 
is  the  province  of  a  Dictionary.  But  the  present  work  embraces  also  the  Arts,  Manufactures,  and  various 
subjects  of  domestic  economy  adapted  to  the  purposes  of  common  life,  and  of  course  includes  definitions 
and  illustrations  of  numerous  terms  and  principles  scattered  over  the  circle  of  Arts  and  Sciences, 
together  with  such  other  information  as  was  deemed  instructive,  and  subservient  to  a  work  of  such 
universal  reference. 

Hence  it  will  also  be  found,  that  all  theoretical  subjects  are  handled  with  brevity,  while  those  which  are 
practical,  and  applicable  to  the  purposes  of  ordinary  life,  have  been  dwelt  upon  at  length,  and  their 
relations  and  dependencies  fully  described  and  illustrated  by  appropriate  Engravings  ;  thus  aflbrding  ocular 
as  well  as  intellectual  proof  of  the  topics  introduced  to  the  reader's  notice.  And  with  the  explanatory 
matter  are  introduced  such  historical  facts  and  biographical  notices  as  were  conducive  to  the  nature  and 
design  of  the  work.  But  while  new  principles  and  new  subjects  of  investigation  can  hardly  be  expected 
in  a  volume,  the  professed  object  of  which  is  to  detail  the  discoveries  and  improvements  of  preceding 
writers ;  the  most  recent  and  original  views  in  Science  and  Art,  the  result  of  modern  experiments,  and 
inventions  and  discoveries  that  are  but  of  yesterday,  obtain  a  place  in  this  work  ;  yet  no  novelty  has  been 
admitted  here  at  the  expense  of  simplicity,  perspicuity,  and  truth. 


In  describing  the  Construction  of  Machines,  and  explaining  their  various  uses,  conciseness  of  expres- 
sion will  be  no  less  evident  than  the  introduction  of  familiar  words,  where  their  appearance  tells  all  that 
was  said  by  the  pompous  derivatives  which  too  often  obscure  scientific  writings.  The  principle  of  selec- 
tion expressed  in  the  title  of  the  work,  has  afforded  me  ample  space  for  many  new  articles  of  useful 
ful  information  in  tlie  Arts,  which  have  hitherto  been  overlooked,  or  confined  to  voluminous  and  expensive 
publications.  In  a  word,  condensation  of  matter,  and  abridged  descriptions,  accompanied  by  intelligible 
Drawings,  are  the  principles  on  which  this  work  is  constructed.  Obsolete  theories  have  been  entirely 
omitted,  and  conflicting  opinions  disregarded,  in  order  to  present  the  reader  with  a  Dictionary  of  subjects 
and  ideas,  rather  than  of  words,  and  shreds  of  obscure  biography. 

It  was  impossible,  however,  to  avoid  all  theory,  especially  in  some  parts  of  the  mixed  sciences ;  yet 
I  am  not  conscious  of  having  adopted  the  opinions  of  empyrics,  or  the  doctrines  of  system  makers. 
I  have  tried  to  follow  truth  in  method,  and  to  present  my  readers  with  a  well-digested  compendium  of 
liuman  knowledge,  alphabt  iically  arranged,  and  exhibiting  science  in  a  form  that  is  indispensable  to 
tliose  who  have  little  leisure  for  abstruse  study,  or  have  served  no  apprenticeship  in  thinking  metho- 
dically. Tiie  education  of  the  understanding,  by  awakening  the  method  of  self-development,  was  the 
object  of  the  great  Plato ;  it  has  been  mine,  without  the  vanity  of  comparison,  while  I  introduced  my 
readers  to  such  relations  and  circumstances  as  might  gradually  inspire  new  sources  of  intellectual 
delight,  to  replenish  their  minds  with  the  various  sorts  of  knowledge  most  congenial  to  their  pursuits 
in  the  different  departments  of  Mechanical  Science. 

I  have  endeavoured,  my  Lord,  to  make  my  work  useful  rather  than  shining,  and,  from  beginning  to 
end,  I  have  thence  remembered  that  I  was  collecting  information  for  the  great  body  of  the  British  Nation, 
who,  by  the  "  daily  operations  of  human  industry,"  are  employed  in  providing  for  the  wants  of  an 
artificial  state  of  society.  But  there  is  a  point  at  which  the  labours  of  every  individual  must  stop,  and 
he  can  then  only  look  with  surprise  at  the  numerous  temptations  which  excessive  wealth  holds  out  to 
needy  genius  in  creating  fresh  wants,  and  thus  reciprocally  alluring  pampered  luxury  to  riot  in  new  and 
untried  enjoyments.  Such,  indeed,  is  civilized  society  in  Great  Britain ;  and  there  is  no  man  who  knows 
better  the  multiplicity  and  variety  of  its  operations  and  wants  than  your  Lordship,  uor  one  who  has  more 
laboriously  striven  to  alleviate  the  hard  condition  of  the  poor,  and  augment  the  comforts  of  the  rich. 
It  is,  therefore,  a  source  of  much  pleasure  to  me  that  my  labours  are  honoured  witli  the  Permission  of 
being  dedicated  to  a  Nobleman  who  has  so  deservedly  won  the  applause  of  the  first  nation  upon  earth. 


Wyke  House, 
Sign  Hill,  Middlesex, 
Sept.  5th. 


I  have  the  honour  to  be. 
My  Lord, 
Your  Lordship's  obedient  and  humble  Servant, 

ALEXANDER  JAMIESON. 


INTRODUCTION. 


Science  first  shed  her  genial  beams  in  the  cheerful 
climes  of  the  East;  there,  to  use  a  homely  phrase, 
her  cradle  was  first  rocked,  and  the  curiosity  of  men 
was  first  awakened  by  the  changes  incessantly 
passing  around  them  ;  but  experience  soon  proved 
the  constancy  and  regularity  of  this  varied  specta- 
cle ;  and  the  vast  movements  of  this  stupendous 
and  magnificent  universe  were  all  found  to  consist 
merely  in  a  repetition  of  similar  and  uniform 
events. 

The  unfettered  genius  investigated  physical  facts 
by  observation  and  experiment;  observation  ex- 
amined the  phenomena  which  arose  in  the  course  of 
nature ;  experiment,  more  artificial  in  its  selection 
and  combination  of  circumstances,  searched  minutely 
after  the  different  results  of  those  phenomena. 

But  there  arose,  through  the  ignorance  and  fears 
of  mankind,  a  priesthood  that  inculcated  the  adora- 
tion of  numberless  divinities,  and,  proscribing  the 
range  of  observation,  broke  in  pieces  the  implements 
with  which  experiment  had  been  exploring  the 
secrets  of  nature.  Hence  the  wise  men  of  antiquity 
concealed  their  notions  of  science  under  the  veil  of 
allegory.  This  was  the  natural  result  of  knowledge 
passing  from  the  lips  of  unshackled  genius  to  those  of 
a  gloomy  priesthood,  who  employed  it  merely  as  an 
engine  of  power,  and  thus  consigned  the  discoveries 
of  happier  times  to  the  silence  of  despotism,  and  the 
cheerless  tomb  of  superstition. 

The  two  great  streams  of  knowledge  were  thus 
soon  separated  widely  apart, — and  they  continued  to 
flow  through  very  opposite  channels.  That  which 
had  pure  intellection  for  its  object,  and  which  con- 
fined itself  to  morals  and  ethics,  soon  became  foul 
and  disagreeable,  as,  enveloped  in  the  fog  of  super- 
stMion,  it  traversed  the  filthy  soil  of  despotism ; — the 


other,  which  moved  through  the  region  of  physical 
science,  preserved  its  purity  and  salubrity.  Hence, 
while  the  miserable  sophisms  and  arcana  of  intellec- 
tual philosophy,  among  the  ancients,  have  remained 
the  same  for  3000  years ;  their  geometry,  and  some 
branches  of  physical  science,  have,  in  modern  times, 
been  carried  to  a  sublime  elevation. 

From  the  East,  science  travelled  slowly  into  the 
early  civilized  nations  and  states  of  Europe.  Greece 
first  gleaned  instruction  in  the  seats  of  Asiatic 
renown,  and,  as  the  tutor  of  European  society,  she 
will  be  immortalized  as  having  conferred  eterna' 
benefits  on  the  human  race. 

Thales,  after  many  years  spent  in  foreign  travel, 
transplanted  into  Greece  the  science  of  the  Egyptian 
priests;  and  his  successors,  Anaximander  and 
Anaximenes,  pretended  to  explain  the  origin  and 
formation  of  all  things,  and  taught,  that  every  sub- 
stance whatever  was  composed  of  four  distinct  clc 
ments — earth,  water,  air,  and  fire. 

It  was  a  mere  speculation,  flattering  to  iuunan 
vanity,  that  contemplated  the  stars  consisting  of 
fire,  and  the  vital  spark  as  a  portion  of  its  divine 
essence.  Though  Ave  smile  at  these  fantastic  notions, 
they  were  as  firmly  believed  in  former  ages  by  the 
learned  as  by  the  common  people. 

Anaxagoras,  under  the  priests  of  Egypt  and  the 
Magi  of  Persia,  acquired  both  elegance  and  learning. 

Pythagoras,  endowed  by  nature's  choicest  gifts, 
after  thirty  years'  study  in  the  East,  settled  in  Italy, 
and  strenuously  urged  the  study  of  mathematics, 
especially  those  concerned  about  number  and  pro- 
portion. This  love  of  numerical  relations  led  him  to 
cultivate  music  both  as  an  art  and  a  science,  and 
he  even  transferred  his  ideas  of  this  science  to  the 
liarmony  of  the   celestial   motions.     Tiiis    was   no 
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error  of  Pythagoras ;  he  could  only  teach  the  people 
in  the  temples  and  other  public  places,  and  to  them 
he  hnparied  the  true  system  of  the  universe,  under 
that  noble  allegory  of  Apollo  playing  on  his  lyre. 
To  his  chosen  disciples  those  recondite  principles  of 
astronomical  science  were  taught  with  mathematical 
precision ;  but  both  master  and  pupils  aflected  to 
believe,  that  those  bodies,  while  they  revolved  round 
the  sun  as  the  common  centre  of  the  universe,  per- 
formed a  most  harmonious  concert,  though  such 
ravishing  and  heavenly  sounds  were  lost  to  the  gross 
ears  of  mortals,  and  drowned  amidst  the  jaring 
elements  on  earth. 

Empedoclks,  the  Sicilian,  and  successor  of 
Pythagoras,  conceived  the  doctrine  of  atomic  attrac- 
tion and  repulsion.  Xenophanes  distinguished 
himself  as  the  prince  of  geologists,  by  teaching  that 
the  fossil  shells  and  marine  exuvia;,  discovered  in 
the  bowels  of  the  earth,  and  on  the  tops  of  the 
highest  mountains,  had,  at  some  remote  period,  been 
formed  under  the  waters  of  the  ocean.  Lp.ucippus, 
of  the  same  school,  added  the  doctrine  of  a  separate 
plenum,  and  anticipated  the  inftuence  of  centrifugal 
force.  Democritus,  after  visiting  the  East,  and 
consulting  the  jMagi  of  Hindostan,  rectified  many  of 
the  prevailing  errors  in  physics.  He  shewed,  that 
the  existence  of  a  plenum  was  incompatible  with 
local  motion ;  he  rejected  the  levity  attributed  to 
the  air  and  fire,  and  maintained  that  the  weight  of 
bodies  is  always  proportioned  to  their  mass  or 
quantity  of  matter,  and  that  they  would  hence  fall  in 
vacuo  with  equal  swiftness.  Of  light  and  heat  he 
entertained  correct  general  views  ;  and  all  his  tenets 
are  expounded  by  Lucretius. 

Socrates,  nest  in  order,  diflused  among  the 
Athenian  youth  a  more  solid  system  of  education, 
by  commending  only  that  philosophy  which  is 
grounded  on  fact  and  t  xperiment.  The  unm.easured 
contempt  which  the  sage  poured  on  hypocrisy  and 
pretension,  roused  the  jealousy  and  rage  of  his  ene- 
mies ;  and  the  venerable  man  fell  a  martyr  to  tlie 
cause  of  truth,  his  love  of  virtue,  and  his  devotion 
to  wisdom. 

Plato,  shocked  at  tlie  murder  of  his  revered 
master,  withdrew  from  the  polluted  city;  and  after 
visiting  the  Pythagoreans  at  Tarentum,  and  learning 
the  whole  system  of  the  Italic  school,  next  placed 
himself  under  the  tuition  of  TtiEonoiius,  the  emi- 
nent mathematician  of  Cyrene,  in  Libya.  On  his 
return  to  Greece,  he  purchased  the  grove  of  Acadc- 
mus,in  the  neighbourhood  of  Atliens,  and  the  youth 
of  Greece  flocked  from  all  parts  to  study  the  beauti- 
ful method  of  geometrical  analysis,  which  extended 
the  boundaries  of  science,  and  led  to  tiic  discovery  of 


conic  sections, — a  doctrine  which,  in  more  recent 
times,  taught  Galileo  the  laws  of  motion,  and 
Kepler  the  true  orbits  of  the  planets. 

Stagira,  a  small  town  on  the  confines  of  Thrace 
and  Macedon,  gave  birth  to  Aristotle  380  years 
before  the  age  of  Augustus.  The  authority  of  the 
Stagiran  long  maintained  a  despotic  sway  in  the 
schools.  Aristotle  was  tutor  to  Alexander  the  Great, 
and  no  philosopher  has  taken  a  wider  range  of 
disquisition,  none  ever  discovered  a  greater  sound- 
ness of  judgment,  or  more  precision  of  thought.  He 
was  the  founder  of  comparative  anatomy,  and  the 
divisions  he  introduced  are  still  the  best  that  could 
be  made.  His  meteorology  sparkles  with  fine  re- 
marks and  just  conclusions.  His  physics  contain 
interesting  doctrines,  mixed  up  with  idle  and  extra- 
vagant speculations.  But  the  mind  of  Aristotle 
was  drawn  aside  by  the  love  of  subtlety,  and  the 
illusion  of  general  hypothesis,  from  the  strict  investi- 
gation of  facts. 

In  the  museum  of  Alexandria  in  Egypt,  Ptolemy, 
to  whose  lot  this  country  fell  on  the  premature  death 
of  Alexander,  established  men  of  science,  and  pro- 
vided them  with  books  and  instruments  for  the  prose- 
cution of  their  studies.  The  munificence  of  his 
successors  aggrandized  the  institution  by  a  vast 
library  and  royal  observatory,  which  for  900  years 
conferred  incalculable  benefits  on  mankind.  There, 
Euclid  digested  the  elements  of  geometry,  ^^hich 
remain  to  our  times:  there,  Apollonius,  Pappus^ 
Diocles,  and  Nicomedes,  extended  the  conic  sec- 
tions, and  improved  geometrical  analysis ;  and  there, 
too,  DiopHANTUS  flourished. 

Navigation  extended  the  knowledge  of  mankind 
respecting  the  surface  of  the  globe  ;  and  the  Grecian 
colony  at  Marseilles  had  the  merit  of  fitting  out  the 
first  voyage  of  discovery,  though  Phoenicians  were, 
without  doubt,  the  earliest  navigators  that  passed 
the  pillars  of  Hercules.  Euthymenes  crossed  the 
equator,  Pythias  discovered  the  remote  Thul^  ;  he 
noticed  the  phenomena  of  the  tides,  and  determined 
the  obliquity  of  the  ecliptic  at  2=3°  48'.  But  our 
reverence  for  the  knowledge  of  Pythias  is  modified 
by  the  fact,  that  700  years  before  the  age  of  Julius 
Cajsar,  the  Babylonians  recorded  eclipses  of  the 
moon, an  event  in  science  that  is  marked  by  Hippar- 
CHUS  and  Ptolemy.  And  the  Indians,  from  whom 
Pythagoras  derived  his  knowledge,  liave  two  princi- 
pal epochs,  one  about  3000,  and  the  other  1500  years 
before  the  Christian  a^ra.  Hipparchus  flourished 
140  years  before  our  a-ra  ;  and  m  as  contemporary 
with  Ptolemy  the  geographer. 

In  the  circle  of  mechanical  science  we  are  com- 
pelled, by  the  nature  ot  our  Introduction,  to  rai'j'je. 
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and  must,  therefore,  notice  next  in  order  of  time  and 
genius,  the  illustrious  Archimedes,  of  Syracuse  in 
Sicily,  who  gave  unlimited  extent  to  the  rotation  of 
numbers,  and  founded  the  method  of  indivisibles, 
which  led  to  the  finest  discoveries  in  geometry.  In 
mechanics  and  hydrostatics  he  had  no  rival :  he 
pointed  out  the  centre  of  gravity,  and  determined  its 
position  in  a  number  of  figures  ;  he  unfolded  the  pro- 
perties of  floating  bodies,  and  thus  became  the  father 
of  naval  architecture.  The  vast  engines  which  he 
constructed  for  the  defence  of  the  city  of  Syracuse, 
enabled  his  countrymen  for  three  years  to  resist  the 
overwhelming  force  of  the  Romans. 

Of  the  Alexandrian  school  many  philosophers 
applied  themselves  to  mechanics,  as  CTESEBius,who 
improved  the  clepsydra,  invented  the  pump,  and  con- 
structed an  engine  for  discharging  arrows  by  means 
of  condensed  air  ;  and  Hiero  not  only  constructed  the 
crane,  but  invented  machines  which  acted  from  the 
variable  elasticity  of  included  air,  as  affected  by 
heat  and  cold  ;  a  principle  which  afterwards  led 
Galileo  and  Sanctorio  to  the  construction  of  thermo- 
meters, and  the  Marquis  of  Worcester  to  the  con- 
trivance of  the  steam-engine. 

We  look  with  measured  contempt  upon  the  Ro- 
mans as  regards  science,  whether  in  a  theoretical  or  a 
practical  point  of  view.  Their  studies  and  learning 
were  altogether  to  form  statesmen  or  orators.  They 
invented  nothing ;  the  lever,  the  pulley,  the  crane, 
the  capstan,  and  other  simple  machines,  were  em- 
ployed by  the  ancient  architects  a  thousand  years 
before  Rome  had  existence.  The  catapultae  and 
ballista;,  those  compound  mechanical  engines  of  the 
Romans,  exhibit  amazing  knowledge  of  machinery  ; 
but  these  or  similar  engines  were  common  to  the 
Greeks  also ;  and  we  know  that  for  ages  the  people 
of  Italy  ground  their  corn  in  hand-mills,  with  a  fixed 
and  moveable  millstone.  The  art  of  naval  architec- 
ture they  learned  from  the  Carthaginians  ;  and  in  the 
destruction  and  annihilation  of  their  once  nourishing 
empire,  they  have  amply  shewn  how  completely 
destitute  they  were  of  those  great  and  nol)le  quali- 
fications which  distinguished  their  tutors  the  Greeks. 

The  Arabians,  who  studied  geometry  and  astro- 
nomy, botany  and  chemistry,  stored  the  palaces 
and  libraries  of  their  caliphs  with  the  science  of  the 
Greeks,  which  they  translated  into  their  own  lan- 
guage. About  the  tenth  century  of  our  a;ra,  the  use 
of  the  ten  digits  in  arithmetic  was  introduced  by  the 
Arabians  into  Spain.  As  chemists,  the  followers  of 
the  Prophet  brewed  and  distilled,  and  even  the  very 
names  of  our  chemical  vessels  are  Arabic  ;  but  of 
brewing  and  distillation,  we  know  not  that  either  the 
Greeks  or  the  Romans  knew  any  thing. 


From  the  beginning  of  Constantinople,  which  rose 
like  the  work  of  a  fairy  genius,  till  the  period  when 
the  Arabians  spread  the  elements  of  science  ovei 
Europe,  the  wrecks  of  knowledge  lay  buried  in  the 
convents  ;  mental  darkness  brooded  over  the  fairest 
lands  of  Christendom,  and  the  more  active  spirits 
wasted  their  energies  in  brutal  sports  and  savage 
depredations. 

The  Crusades  opened  the  gates  of  refinement, 
and  from  the  twelfth  to  the  fourteenth  century  the 
chains  of  feudal  tyranny  were  gradually  broken ; 
the  middle  class  of  men,  that  great  bulwark  of  every 
free  state,  insensibly  rose  ;  and  w  ith  the  renovation 
of  the  human  intellect,  even  in  the  benighted  period 
of  the  middle  ages,  paper  was  manufactured 
from  linen  rags — the  eyes  of  the  aged  were  assisted 
by  the  invention  of  spectacles  about  the  year  128.5 — 
and  the  construction  of  the  mariner's  compass  having 
been  made  about  the  close  of  the  thirteenth  century, 
at  Amalphia  near  Genoa,  gave  a  prodigious  impulse 
to  navigation  and  commercial  speculation.  Swartz, 
a  German  monk,  in  1382,  extended  the  empire  of 
man  over  nature,  by  the  invention  of  gunpowder. 
About  the  beginning  of  the  fifteenth  century,  the  in- 
genuity and  perseverance  of  Guttenberg  and  Schoef- 
fer,  encouraged  by  the  Avealth  of  Faust,  a  rich  bur- 
gess of  Mentz,  conferred  upon  mankind  the  art  of 
Printing,  the  greatest  benefit  ever  bequeathed  on 
the  human  species,  except  that  of  speech  or  writing. 
In  thirty  years  after  its  first  discovery,  the  art  of 
Printing  was  carried  to  a  pitch  which  lias  never  been 
surpassed. 

ScHOEFFKR,  the  oldcst  engraver  also  on  wood,  exe- 
cuted in  1491  a  scries  of  figures  of  plants  and  ani- 
mals on  wooden  blocks.  The  clergy  were  now  anx- 
ious to  promote  learning,  as  the  only  means  of 
enriching  themselves,  and  schools  were  accordingly 
opened  in  the  convents  and  monasteries  for  the  edu- 
cation of  youth.  In  process  of  time,  papal  bulls 
elevated  these  schools  to  universities  ;  and  an  ap- 
prenticeship of  seven  years,  copied  afterwards  in  the 
mechanical  trades,  completed  the  course  of  education, 
and  made  the  students  masters  of  Aristotle's  tenets. 

Copernicus  restored  the  true  system  of  the 
world;  Purbacii  and  M'Oller  abridged  astrono- 
mical calculations  ;  Ubaldi  and  Stevini'S  extend- 
ed the  principles  of  mechanics  and  hydrostatics  ; 
Galileo  discovered  the  laws  of  motion  ;  Kepler 
and  Tyciio  Braiik  were  men  of  the  first  order  of 
genius  as  astronomers.  And  Napier  immortalized 
his  name  by  the  sublime  discovery  of  logarithms. 

The  alchymists,  though  extravagant  iu  their  pre- 
tensions, promoted  experimental  science,  and  the 
various  societies  that  were  established  over  Italy 
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under  this  name,  set  an  example  that  was  followed 
all  over  Europe.  Dr.  Gilbert,  in  England,  treated  of 
magnetism;  Snellius  discovered  the  laws  of  inci- 
dence and  refraction,  which  Df.s  Cartes  simplified 
in  the  explication  of  other  properties  of  light,  and 
the  brilliant  phenomena  of  the  rainbow.  The  appli- 
cation of  algebra  to  geometry  by  the  same  skilful 
hand  eflected  a  memorable  revolution  in  mathemati- 
cal science. 

ToRRicELLi's  invention  of  the  barometer,  Gue- 
ricke's  construction  of  the  air-pump,  the  nume- 
rous mechanical  inventions  of  Dr.  Hooke,  and 
Hu  YGENS,  have  enriched  the  stores  of  human  know- 
ledge, and  added  many  valuable  and  profitable  desi- 
derata to  the  circle  of  domestic  comforts  and  scien- 
tific pursuits. 

The  penetration  of  Newton,  that  ranged  through 
the  immensity  of  celestial  space,  could  define  the 
figure  of  the  earth,  and  calculate  the  tides  of  the 
ocean ;  and  he  commanded  geometry  to  preside 
over  the  properties  of  water,  the  motion  of  currents, 
the  propagation  of  sound  ;  and  the  sagacity  of  that 
genius,  which  has  never  been  excelled,  disclosed 
still  greater  wonders  in  its  fine  researches  in  optics, 
when  it 

"  Untwisted  all  the  shining  robe  of  day.' 

Maclaurin  died  in  his  prime,  but  Cotes,  Brad- 
ley, and  the  Marquis  of  Worcester,  have  left 
behind  them  names  that  are  imperishable. 

Without  ransacking  the  biography  of  the  continent 
for  such  names  as  Bernouilli,  Euler,  D'Alem- 
bert,  Clairault,  Lagrange,  Prony,  Coulomb, 
Laplace,  Pi  azzi,Olbers,  Harding,  Malus,Gal- 
vani,  Orested,  Berzelius,  we  may  confine  our 
notice  to  Britain,  where  Cavendish,  Atwood,  Emer- 
son, Smeaton,  Davy,  SirWm.  Herschel,  Jas. 
Watt,  Playfair,  and  Leslie,  of  Edinburgh,  and 
Dr.  Olinthus  Gregory,  of  Woolwich,  have  con- 
tributed largely  to  the  advancement  of  mechanical 
philosophy,  and  the  application  of  mechanical 
power. 

On  the  progress  of  mechanical  science  in  the 
abridgment  of  human  labour,  by  the  diversified  appli- 


cation of  steam  and  machinery  in  our  manufactures 
and  arts,  it  may  be  naturally  expected  that  some- 
thing should  be  said. 

There  can  be  no  doubt,  that  these  miglity  auxilia- 
ries have  enabled  Great  Britain  to  compete  with 
foreign  nations  in  all  the  markets  of  the  world ;  but 
whether  the  power,  wealth,  and  stability  of  our  coun- 
try have  been  essentially  promoted  by  the  acquisi- 
tion, may  appear  somewhat  problematical.  Unhap- 
pily, the  diminution  of  manual  labour,  which  en- 
riches the  merchant,  tends  to  impoverish  the  working 
classes,  and,  by  contracting  the  field  in  which 
industry  might  display  its  energies,  to  foster  indo- 
lence and  vice,  which  cannot  but  entail  misery  on 
future  generations.  Time,  however,  may  find  new 
sources  of  employment  for  productive  labour,  and 
posterity  may  look  back  on  this  age  ofmachiiieri/,  as 
we  look  on  the  era  when  the  invention  of  printing 
deprived  thousands  of  scribes  of  their  daily  bread. 
But  on  this  important  and  deeply  interesting  ques- 
tion, it  is  not  the  province  of  the  author  to  decide. 

In  the  compilation  here  presented  to  the  reader, 
facts,  not  theories,  demand  his  attention.  The  selec- 
tions have  been  made  from  the  most  authentic 
sources  of  information  to  which  the  author  could 
have  access.  These  being  arranged  in  alphabetical 
order,  no  difliculty  can  occur  when  any  particular 
article  is  wanted  for  examination  ;  and  he  flatters 
himself,  that  by  the  distribution  of  the  plates,  all 
confusion  will  be  prevented,  when  references  are 
required  for  the  elucidation  of  any  given  subject. 

In  taking  leave  of  his  reader,  he  has  not  the  vanity 
to  think  that  his  work  can  triumph  in  the  omission  of 
all  error.  From  anomalies  and  defects  no  volume 
of  this  magnitude  was,  perhaps,  ever  wholly  free. 
For  these  he  has  no  apology  to  offer,  and  he  only 
solicits  from  the  considerate  and  candid  reader,  the 
same  degree  of  liberality  and  forbearance,  which, 
under  similar  circumstances,  he  would  wish  to 
enjoy. 

A.  J. 

Wyke  House,   June  18'27. 
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ABA 

Aback,  a  Sea  term,  indicates  the  situation  of  the  sails  of  a 
vessel,  ^yhen  the  surfaces  nre  flattened  against  her  masts  by 
the  wind.  The  sails  may  be  taken  aback,  either  by  a  sadden 
change  of  wind,  or  the  alteration  of  the  ship's  course.  They 
(lie  laid  aback  to  give  the  ship  stern-way,  in  order  to  avoid  some 
danger  ahead.  To  aback  sails,  the  men  slacken  the  lee  braces 
and  haul  the  weather  ones  ;  the  wind  then  blowing  upon  their 
front  surface,  drives  the  ship  astern,  unless  she  is  restrained  by 
some  counteracting  force,  as  when  she  lides  at  anchor,  and 
then  only  the  mizzen-top  sail  is  abached. 

ABACUS,  a  small  table  covered  with  sand,  on  which  the 
ancient  mathematicians  drew  their  diagrams,  in  the  same  way 
as  children  are  taught  to  write  in  our  Lancasterian  and  Bell 
schools. 

Abacus,  in  Architecture,  the  superior  part  or  member 
of  the  capital  of  a  column,  serving  as  a  crown  to  both.  The 
Abacus  originally  represented  a  square  tile  laid  over  the  mouth 
of  an  urn  or  basket.  The  form  of  the  Abacus  is  the  same  in 
all  the  orders.     See  Auchitfxtuke. 

Abacus,  the  name  also  of  an  ancient  instrument  for  faci- 
litating the  operations  of  arithmetic.  This  instrument  is  made 
by  fixing  a  number  of  parallel  chords  or  wires,  at  the  distance 


ABA 

of  two  diameters  of  one  of  the  counters  used  in  the  calculation 
as  represented  in  the  engraving.  A  counter  placed  on  the 
lowest  chord  signifies  1  ;  on  the  second,  10 ;  on  the  third, 
100;  on  the  fourth,  1000,  &c.  In  the  intermediate  parallels, 
the  counters  are  valued  at  one  half  the  value  of  the  chord 
immediately  above ;  thus,  between  the  1st  and  2d  chord,  a 
secondary  chord  may  be  fixed,  and  on  it  the  value  of  the 
counter  for  5 ;  between  the  2d  and  3d  chords  60,  and  so  on. 
In  the  diagram  before  us,  where  the  numbers  1824  and  1823  are 
represented  in  two  compartments,  the  first  is  regularly  units, 
tens,  hundreds,  thousands,  1824  ;  in  the  second  we  read  1000, 
500,  300,  20,  3  ;  which,  added  together,  is  1823. 
Mechanical  Arithmetic; 
The  Year  of  the  Christian  Era. 

Thousands. 


Fi? 
Thousands. 

Hundreds. 

Tens. 

Units. 
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1824. 


1823 
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Income. 
£57,672,999. 


Fig.  2.     Finances  of  Great  Britain  for  1823—1824 

-^-*— • — 9—& ®— 9 — 9 i • — • — • — ©^ 


B-«-a— « — o— e- 


Expenditure. 
£50,962,014. 
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Imports. 
£35,751,698. 
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Exports. 
£52,498,277. 
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Hundreds. 
Tens. 

Units. 

Tens  Millions. 

Millions. 

Hun.Thousands 

TcnsThousands 

Thousands. 

Hundreds. 

Tens. 

Units, 


Thus: 


Here  the  upper  line  reads  in  the  Income 
compartment,  for  instance,  50,000,000  ;  the 
next  line,  7,00,000;  the  third,  600,000;  the 
fourth,  70,000;  the  fifth,  2,000;  the  sixth, 
fiOO;  the  seventh,  90;  and  the  eighth,  9: 


-    50,000,000 

7,000,000 

600,000 

70,000 

2,000 

900 

90 

9 

£  57.672,999 


And  in  the  same  manner  all  the  other  compartments 
of  the  Abacus  arc  used. 
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Abacus,  a  table  of  numbers  ready  cast  up,  and  used  by 
the  moderns,  to  expedite  the  operations  of  arithmetic. 

The  Grecian  Abacus  was  an  oblona;  frame,  over  wliich  several 
wires  or  threads  were  stretched,  strung  with  ivory  balls,  like 
the  beads  of  a  necklace  ;  by  the  various  distributions  of  which, 
all  the  operations  of  addition,  subtraction,  multiplication,  and 
division,  were  mechanically  performed. 

The  Roman  Abacus  difl'ered  from  the  above,  by  having  pins 
sliding  in  grooves,  instead  of  strings  or  wires,  and  beads. 

The  Chinese  Abacus  corresponds  with  tlie  Grecian. 

The  Abacus  I'ljthayoricus,  is  the  conunon  multiplication 
table:  the  Abacps  Loyisticiis,  or  canon  of  sexagesimals,  is  a 
rectangled  triangle,  whose  sides  forming  the  right  angle,  con- 
tain the  numbers  from  1  to  60 ;  and  its  area  the  result  of  each 
two  of  the  numbers  perpendicularly  opposite.  The  Abacus 
Hannoniciis  of  Kircher,  denotes  the  structure  and  disposition 
of  the  keys  of  a  musical  instrument.  And  the  Adacus  Major 
in  metallurgic  operations,  is  the  name  of  a  trough  used  in  the 
mines  for  washing  ore. 

ABAFT,  a  Sea  term,  the  hinder  part  of  a  ship ;  towards  the 
stern. 

ABAISSED,  in  Heraldry,  applied  to  the  wings  of  eagles, 
&c.  when  the  tips  droop  to  the  point  of  the  shield  ;  or  when  the 
wings  are  shut,  the  natural  way  of  bearing  them  being  volant, 
or  extended.  . 

ABALIENATION,  in  Law,  the  act  of  transferring  one  man's 
property  to  another. 

ABAiPTISTON,  in  Surgery,  the  perforating  part  of  the  tre- 
pan instrument. 

ABARTICULATION,  in  Anatomy,  a  species  of  articulation 
admitting  of  manifest  motion  ;  called  also  Dcarticxdatis,  to 
distinguish  it  from  that  articulation  wliich  admits  of  very 
obscure  motion,  and  is  cMeA  Sjinarthrosis. 

ABAS,  a  Persian  weight  for  weighing  pearls  ;  one-eighth 
less  than  our  carat. 

ABATAMENTUM,  in  Law,  an  entry  to  lands  by  interposi- 
tion :  I.  e.  when  a  jicrson  dies,  seized,  and  another  who  has  no 
right,  enters  before  the  heir. 

ABATE,  in  Horsemanship,  the  performing  of  any  downward 
motion  properly,  as  in  curvets,  when  both  the  hind  legs  touch 
the  ground  at  one  and  the  same  moment. 

To  Abate,  a  Law  term : — thus,  to  abate  a  castle,  is  to  pull  it 
down  ;  to  ahiilc  a  writ,  is  to  defeat  or  overthrow  it.  A  stranger 
abates,  i.e.  enters  upon  possession,  of  house  or  land,  void  by 
the  death  of  him  that  possessed  it,  before  the  heir  takes  posses- 
sion, and  so  keeps  him  out.  The  w  rit  of  the  defendant  shall 
abate,  !.<?.  be  overthrown.  The  appeal  abaleth  by  covin,  i.e. 
the  accusation  is  defeated  by  deceit. 

ABATELMENT,  in  Commerce,  a  prohibition  of  trade  to  all 
French  merchants  trading  to  the  Levant,  who  %vill  not  stand  to 
their  bargains. 

ABATEMENT,  in  Heraldry,  signifies  an  accidental  figure  in 
coats  of  arms,  expressive  of  a  stain,  or  dishonour. 

Abatement,  in  the  Customs,  an  allowance  made  upon  the 
duties  of  goods  that  have  been  damaged. 

ABATIS,  in  Fortification,  an  entrenchment  made  of  felled 
trees,  the  trunks  being  planted  in  the  ground,  and  the  branches 
interwoven. 

ABATOR,  in  Law,  the  person  who  enters  a  house  or  lands, 
on  the  death  of  the  occupier,  before  the  just  heir. 

ABB,  among  Clothiers,  signifies  the  warp  of  a  web,  or  the 
yarn  used  for  warp.    They  also  say  ahb-icool,  in  the  same  sense. 

ABBA,  the  Syriac  and  Chaldoc  name  for  Father.  In  the 
Coptic  and  Ethiopic  churches  the  bishops  are  Abbas. 

ABBE,  a  Monastic  term,  an  Abbot ;  latterly  in  France  the 
Abbh  were  academics,  tutors,  &c.  but  not  properly  churchmen. 

ABBESS,  the  superior  of  a  convent  of  women.  I'ormcrly 
the  Abbesses  confessed  their  nuns  ;  but  female  curiosity  carried 
them  such  lengths  in  extracting  secrets,  that  the  sex  were 
deprived  of  this  jurisdiction  over  their  sisters'  conscience.  St. 
Basil's  rnle  allows  the  presence  of  an  Abbess  at  the  confes- 
sional ol  her  nuns. 

ABBEY,  a  Monastery,  or  religious  house,  governed  by  a 
superior,  either  male  or  female,  according  to  its  destination. 

ABBOT, the  superior  of  a  monastery  of  monks,  erected  info 
an  abbey  or  piiory.     There  arc  various  classes  of  Abbots,  as 


mitred,  crosiered,  ecumenical,  cardinal,  regular,  and  commenda- 
tori/  Abbots. 

AUBREYIXTB  of  Adjtidications,  in  Scotch  law,  an  abridg- 
ment, or  abstract,  of  a  decree  of  adjudication,  which  is 
recorded  in  a  register  kept  for  that  purpose. 

ABBREVIATION,  or  Abbreviature,  the  contraction  of  a 
word  by  dropping  some  letters,  or  of  a  passage,  by  the  omis- 
sion of  some  words:  as.  A.  V.C.  ab  itrbe  condita,  from  the 
Building  of  the  City  ;  I.E.  id  est,  that  is  ;  E.G.  cvempla: gratia, 
for  example  ;  A.M.  before  noon  ;  P.M.  afternoon. 

Abbreviation  of  Fractions,  reducing  them  to  lower  terms. 
See  Fractions. 

ABBREVIATOR,  the  Person  who  shortens  or  abridges  any 
work.  The  Abbreviatores  of  the  chancery  at  Rome  are  73 
clerks,  who  abridge  all  petitions,  &c.  for  the  Pope's  perusal, 
previously  to  the  said  documents  being  passed  into  bulls,  or 
ecclesiastical  mandates. 

ABBUTTALS,  the  buttings  or  boundings  of  land  towards 
any  point,  distinguished  anciently  by  artificial  hillocks. 

ABCEDARY  Psalms,  &c.  whose  parts  are  arranged  accord- 
ing to  the  order  of  the  letters  of  the  Hebrew  alphabet :  as. 
Psalm  25.  34,  119. 

ABDICATION,  the  action  whereby  a  magistrate,  or  person 
in  olfice,  renounces  or  gives  up  the  same  before  the  term  of 
service  is  expired  ;  and  in  this  wise  dill'ers  from  resignation, 
which  implies  a  giving  np  in  favour  of  some  other  person. 
Dioclcsian  abdicated;  the  Emperor  Charles  V.  resigned. 

ABDUCTOR,  in  Anatomy,  the  muscle  that  withdraws, 
opens,  or  pulls  back,  the  parts  to  which  it  is  attached. 

ABELE,  the  hoary  or  white  poplar,  which  grows  very  fast, 
and  sometimes  to  the  height  of  70,  SO,  and  100  feet.  It 
flourishes  well  in  a  clayey  soil,  on  the  low  banks  of  streams, 
or  on  the  margin  of  ponds ;  and  the  wood,  which  is  soft  and 
white,  is  much  used  by  turners.  Horses,  sheep,  and  goats, 
browse  upon  the  leaves,  but  cows  avoid  them. 

ABERRATION,  in  Astronomy,  an  apparent  motion  of  the 
celestial  bodies,  produced  by  the  progressive  motion  of  light, 
and  the  earth's  annual  motion  in  her  orbit. 

Aberration  of  the  Planets,  is  cfjiial  to  the  geocentric 
motion  of  a  planet ;  the  space  it  appears  to  move,  as  seen  from 
the  earth,  during  the  passage  of  light  from  it  to  the  earth. 
Thus,  in  the  sun  the  aberration  in  longitude  is  20"  constantly, 
that  being  the  space  moved  by  the  earth  in  8'  7"  of  time,  the 
interval  in  which  light  passes  from  the  sun  to  the  earth. 

ABETTOR,  in  Law,  one  vho  encourages  another  to  the 
performance  of  some  action.     In  Scots  law,  art  and  part. 

ABEYANCE,  in  Law,  the  expectancy  of  an  estate :  hence 
we  may  say,  "  sue"   property  is  in  abeyance." 

ABIB,  the  first  month  in  the  Jewish  year,  commencing  at 
the  vernal  equinox. 

ABIDING  ////  Writings,  in  Scots  law,  compelling  a  per- 
son to  abide  by  a  false  deed,  as  if  it  were  true. 

ABINTESTATE,  in  Civil  Law,  applied  to  the  person  who 
inherits  the  right  of  one  who  died  intestate,  or  w  ithout  will. 

ABJURATION,  an  oath  disclaiming  all  allegiance  with  a 
pretender:  the  Abjuration  oi  heresy,  is  the  solemn  recanta- 
tion of  any  doctrine  as  false. 

ABLACTATION,  in  Gardening,  the  method  of  grafting  by 
approach  ;  )'.  c.  the  scyon  of  one  tree  is  for  some  time  joined  to 
the  stock  of  another,  and  afterwards  cut  olV  and  w eaued  from 
the  parent  tree. 

ABL AQUE  ATION,  in  Gardening,  the  operation  of  exposing 
the  roots  of  trees  in  winter,  to  the  air,  rains,  snows,  &c. 

AI5LUTIt)N,  in  a  general  sense,  washing ;  in  a  religious 
one,  the  purifying  of  the  body  by  water  before  the  performance 
of  some  act  of  devotion.  Ablutions  are  commanded  by  the 
Mosaic  law;  enjoined  by  the  Pagan  ritual  ;  and  practised  by 
the  Moslems,  agreeably  to  the  dictates  of  Mahomet.  The 
priests  of  Egypt  used  daily  ablutions;  the  Grecians,  sprin- 
klings ;  the  Romans,  lustrations  ;  the  Jews,  washings  and  bap- 
tisms. The  ancient  Christians  had  tlicir  ablutions  before  com- 
munion ;  the  Roman  Catholic  has  his  before  mass,  sometimes 
after.  On  Good  Friday,  the  Syrians,  Copts,  &c.  have  solemn 
washings. 

AI50ARI),  the  inside  of  a  ship  :  hence  the  phrase,  to  go  on 
board; — to  board,  to  enter  a  ship  li  cl  arniis,  by  force  and  arms ; 
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— to  fall  aboard,  to  encounter.  Aboard  main  tack,  the  order  to 
draw  t!ie  main  tack  ;  i.  e.  the  lower  corner  of  the  main-sail 
down  to  the  chess-tree. 

ABOLITION,  in  Law,  the  repealing  of  any  statute.  2. 
Remitting  the  punishment  of  a  crime.  3.  Leave  given  a  cri- 
minal accuser  to  desist  from  further  prosecution  of  the  ac- 
cused. 

ABOMASUS,  the  fourth  stomach  of  ruminating  ani- 
mals. In  calves,  the  runnet  or  earning  is  formed  in  the  Abo- 
masus. 

ABOMINATION  of  Desolation,  foretold  by  Daniel,  the 
statue  of  Jupiter  Olympius,  which  Antiochus  Epiphanes 
caused  to  be  put  up  in  tlie  holy  temple  of  Jerusalem.  And 
t\ie  Abomination  of  Desolation,  mentioned  by  the  Evan2;elists, 
signiiies  the  ensigns  of  the  Romans,  when  Jerusalem  was 
besieged  by  Titus,  the  son  of  Vespasian. 

ABORIGINES,  the  primitive  inhabitants  of  a  country  ;  as 
the  blacks  of  Africa,  the  Indians  of  America. 

ABORTION,  the  premature  exclusion  of  a  foetus.  The 
liorrid  crime  of  procuring  abortion  was  prohibited  by  Solon 
and  Lycurgus  ;  allowed  by  the  Romans  till  the  time  of  the 
emperors  Severus  and  Antonine  ;  and  practised  by  dispensa- 
tion under  the  Roman  ecclesiastical  law  ! 

ABOUT  S/iip:  the  order  to  the  ship's  crew  for  tacking. 
The  situation  of  a  ship  immediately  after  she  has  tacked. 

ABRAHAMITE.S,  an  order  of  monks,  exterminated  by 
Theopbikis  in  the  9th  century.  Also  the  name  of  another  sect  of 
heretics,  who  had  adopted  the  errors  of  Paulus,  and  who  were 
thence  called  I'aulicians. 

ABRAS.4.X,  the  supreme  God  of  the  Basilidian  heretics  ; 
t".  e.  of  the  365  heavens,  or  365  revolutions  of  the  earth  on  its 
axis.  In  each  of  those  heavens  was  placed  an  angel  of  in- 
telligence, that  created  it,  and  each  angel  was  created  by 
that  immediately  above  it,  till  the  scale  reached  the  fast 
Creator. 

ABRASION,  in  Medicine,  the  effect  of  sharp  corrosive  medi- 
cines in  humours,  in  wearing  away  the  natural  mucus  that 
covers  the  intestines  and  stomach. 

ABRAUM,  a  red  clay  brought  from  the  Isle  of  Wight,  with 
which  cabinet-makers  darken  and  polish  mahogany.  The  best 
thing  for  polishing  mahogany  is,  after  ail,  linseed  oil,  and 
regular  rubbing  with  a  piece  of  flannel. 

ABREAST,  a  Sea  term,  side  by  side,  or  opposite  to,  as 
when  two  ships  have  their  sides  parallel,  and  heads  equally 
advanced.  In  liae  abreast,  a  fleet  advances  uniformly,  equally 
distant  and  parallel,  the  length  of  each  ship  forming  a  right 
angle  with  the  extent  of  the  squadron.  The  commander  is 
then  in  the  centre.  Abreast,  within  ship,  on  a  line  with  the 
beam,  main  hatchway,  &c.  From  this  point  we  reckon  our 
position/ure  or  aft,  as  we  stand  between  the  beam  and  the 
bows,  or  stern. 

ABRIDGMENT,  the  reduction  of  any  thing  into  a  smaller 
compass. 

AI5ROGATION,  in  Law,  the  act  of  abolishing,  by  authority 
of  the  law  maker. 

ABROMA,  in  Botany,  a  stove  bark  tree,  that  grows  freely  in 
common  garden  soil,  and  may  easily  be  propagated  by  seeds 
or  cuttings. 

ABRUS,  in  Botany,  the  knobbed-rooted  wild  liquorice. 

ABSCESS,  in  Surgery,  a  collection  of  puriform  matter  in  a 
part;  properly,  a  cavity  containing  pus,  or  matter. 

ABSCISS,  Abscissa,  Absciss,e,  in  Conies,  is  any  part  of  the 
diameter  or  axis  of  a  curve,  comprised  between  any  fixed 
point,  where  all  the  abscisses  begin,  and  another  line  called 
the  ordinate,  which  is  terminated  in  the  curve.  Commonly  the 
abscisses  are  considered  as  commencing  at  the  vertex  of  the 
curve  ;  but  this  is  not  necessary,  as  they  may  have  their  origin 
in  any  other  point;  I)ut  generally,  when  no  condition  is  speci- 
fied, they  are  understood  as  commencing  at  the  vertex.  Thus, 
if  AQ  be  any  curve,  and  A,  or  A',  or  A", 
certain  fixed  points,  of  which,  in  the 
annexed  figures,  A  and  A'  are  at  the 
vertices,  but  A"  any  point  whatever  in 
the  axis;  also  PQ  any  line  perpendicu- 
lar, or  otherwise,  to  the  axis  A,  A',  and 
terminating  iu  the  curve;  then  is  PQ 


at  the  least 


an  ordinate,    and  A  P,  A' P,  A"P, 

abscisses.  The  absciss  and  corre- 
sponding ordinate,  considered  toge- 
ther, are,  by  Geometricians,  called 
co-ordinates,  and  by  means  of  these 
the  equation  of  the  curve  is  defined. 
See  Curve.  ^  ^       ■"-■  -v 

ABSCONSA.  a  dark  lantern,  used  by  the  Monks  in  burying 
the  dead  at  night. 

ABSENCE,  in  Law,  non-appearance  when  cited  before  a 
court.     No  person  can  be  tried  criminally  in  absence. 

ABSINTHIATED,  in  Medicine,  tinged  with  worinwood,  or 
absinthium.  The  wormwood  wine  of  the  ancients,  infused  in 
draughts,  proved  benehcial  in  cases  of  indigestion,  or  debility 
of  the  stomach. 

ABSIS,  in  Astronomy,  the  same  with  apsis,  those  two  points 
of  a  planet's  orbit,  w  here  it  is  at  its  greatest  and  least  distance 
from  the  sun.  Sec.  The  line 
connecting  these  points  is  call- 
ed the  line  of  the  apsides.  The 
apsis  at  the  greatest  distance 
from  the  sun  is  called  the  aphe- 
lion, at  the  greatest  distance 
from  the  earth,  the  apogee ;  at  ' 
the  least  distance  from  the  sun,  the  perihelion , 
distance  from  the  earth,  the  perigee. 

ABSOLUTE  Term  or  ISumber,  in  Algebra,  is  that  which  is 
completely  known,  and  to  which  all  the  other  part  of  the  equa- 
tion is  made  equal  ;  thus  in  the  equation  x"--\-ax'^.b,  the  latter 
quantity  b,  is  called  the  absolute  term,  which  in  every  equation 
is  equal  to  the  continued  product  of  all  its  roots. 

ABSTRACT,  or  PiHP,  Mathematics,  treat  of  the  properties 
of  magnitude,  figure,  or  quantity,  absolutely  and  generally  con- 
sidered, without  restriction  to  any  species  in  particular,  such 
as  Arithmetic  and  Geometry.  It  is  thus  distinguished  from 
Mixed  Mathematics,  in  which  simple  and  abstract  quantities, 
primitively  considered  in  Pure  Mathematics,  are  applied  to 
sensible  objects,  as  in  Astronomy,  Mechanics,  Optics,  &c. 

Abstract  Numbers,  are  assemblages  or  units,  considered 
indcpendentlj'  of  any  things,  that  they  might  otherwise  be 
supposed  to  represent.  For  example,  5  is  an  abstract  num- 
ber, while  it  remains  independent  ;  but  if  we  say  o  feet,  or 
5  miles,  it  is  no  longer  an  abstract,  but  a  concrete  number. 

ABSOLUTION,  in  Civil  Law,  a  sentence  pronouncing  an 
accused  person  innocent.  In  Canon  law,  the  judicial  act 
whereby  the  priest  declares  the  sins  of  such  as  are  penitent  to 
be  remitted. 

ABSORBENT,  swallowing  up.  Absorbent  medicines  are 
testaceous  powders,  or  calcareous  earths,  as  chalk,  &c.  which, 
taken  inwardly,  dry  up  acid  and  redundant  humours  in  the 
stomach. 

Absorbents,  or  Absorbing  Vessels,  in  Anatomy,  are  the 
lacteal,  lymphatic,  and  inhalcnt  arteries,  which  imbibe  all 
those  fluids  that  come  in  contact  with  them  ;  but  are  themselves 
so  minute  as  to  escape  observation  in  ordinary  dissections. 

ABSTRINGENT  Medicines,  such  as  are  used  for  resolving 
obstructions,  concretions,  &c.  such  as  soap,  &c. 

ABSURD,  or  Absurdum,  a  term  employed  in  demonstrating 
converse  propositions,  in  which  the  proposition  is  not  proved 
ill  a  direct  manner,  by  principles  before  laid  down  ;  but  it 
proves  that  the  contrary  is  absurd,  or  impossible;  aiul  thus 
indirectly  demonstrates  the  truth  of  the  proposition  itself.  The 
4th  proposition  of  the  1st  book  of  Euclid  is  demonstrated  by  this 
method,  by  shewing,  that  if  the  extremities  of  two  right  lines 
coincide,  the  lines  themselves  will  coincide  in  all  their  parts, 
otherwise  they  would  enclose  a  space,  which  is  absurd,  being 
contrary  to  the  10th  axiom.  Converse  propositions  arc  com- 
monly proved  in  this  way,  which  is  colled  rcductio  ad  absurdum  : 
but  it  is  unsatisfactory;  yet  it  would  be  diflicult  to  devise  any 
system  of  geometry  in  which  such  a  method  should  be  entirely 
excluded. 

ABUNDANT  Number,  in  Arithmetic,  a  number,  the  sum  ot 
whose  aliquot  parts  is  greater  than  the  number  itself:  thus, 
\2  is  an  abundant  nundjcr  ;  for  the  siuu  of  its  aliquot  parts 
l-t-'2-j-3-|-4-|-6=  16,  «hicli  is  greater  than  1-2.  It  is  thus  dis- 
tinguished from  a  perfect  number,  which  is  equal  to  the  sum  of 
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all  its  aliquot  parts,  and  from  a  deficient  number,  which  is  less 
than  the  sum  of  all  its  aliquot  parts. 

ABYSS,  something;  profound,  and,  as  it  were,  bottomless, 
as  the  ocean,  hell ;  but  more  properly,  the  temple  of  Proser- 
pine, on  account  of  the  vast  treasures  there  deposited. 

Abyss,  in  Heraldry,  the  centre  of  an  escutcheon;  hence 
the  phrase,  "  he  bears  azure,  a  flower-de-lis,  ii<  abyss;"  i.  e.  in 
the  middle  of  the  shield,  clear  from  every  other  bearing. 

ACACIA,  in  Botany,  the  Egyptian  thorn,  one  of  the  hand- 
somest trees  that  adorn  our  pleasure-grouni's.  Cuttings  strike 
in  sand,  under  a  hand-glass,  in  the  bark  bed.  Of  the  flowers 
of  a  species  of  the  Acacia,  the  Chinese  make  a  fine  yellow 
dye.  The  process  is  merely  boiling  and  extraction,  with  the 
addition  of  a  small  quantity  of  alum,  and  oystsr  shells  calcined. 

Acacia,  in  the  Materia  Medica,  is  a  mild  astringent,  useful 
in  the  spitting  of  blood  ;  imported  from  Bg-ypt,  and  simply  the 
inspissated  juice  of  unripe  sloes. 

ACADEMY,  a  School,  or  place  of  learning  ;  a  collegiate 
seminary ;  a  riding-school,  Sec. ;  a  society  of  learned  men, 
established  for  the  improvement  of  the  sciencs.5,  arts,  ho. 

ACANTHA,  the  prickle  of  a  p'.ant,  or  spine  of  a  prickly 
fin  on  a  fish. 

ACANTHABOLUS,  in  Surgery,  aa  inctrument  for  pulling 
thorns  and  the  like  out  of  the  ckin. 

ACANTHUS,  in  Botany,  tiie  plant  bear's  breecb,  which,  es 
a  dye,  gives  a  fine  yeilov/  ;  in  Arohitecture,  an  ornaiBsnt  repre- 
senting the  leaves  of  its  Acaathuc,  and  dcccraticg  the  capi- 
tals of  the  Corinthian  and  CompcSxte  orders. 

ACARAUNA,  a  small  American  fish,  called,  by  our  sailors, 
old  wife. 

AC'ARUS,  the  tick,  or  mite. 

ACATHAUSIA,  an  impurity  cf  the  blood  and  humcurs. 

ACAULIS,  applied  to  those  plants  whose  fiov/ei's  are  with- 
out stalks,  and  rest  on  the  ground,  ac  the  Cariins  thistle. 

ACCAPITARE,  ia  Law,  ti;e  act  of  beccming  vassal  of  a  lord, 
or  of  yielding  him  homage  or  credience  ;  l;ence  A'^capitu::'.,  or 
money  paid  by  a  vassal  upon  his  admissioii  to  a  feu. 

ACCEDAS  ad  Ciiriani,  a  writ  lying  wl-erc  the  aian  has  re- 
ceived, or  fears,  false  judgment  in  aa  infeiior  court. 

ACCELERATION,  in  Mechanics,  the  increass  cf  velocity 
in  a  moving  body.  Accelerated  motion  is  that  in  which  the 
velocity  is  continually  ircreasii^g,  from  ths  continued  action  of 
the  motive  power.  Unifornily  cccehraied  motion,  is  that  in 
which  the  velocity  increases  equally  in  equal  times.  The 
increasing  velocity  with  which  a  body  fails  to  ti:e  earth,  is  an 
instance  of  accelerated  motion,  which  is  osused  by  the  constant 
action  of  gravity.  A  cannon-ball  is  acted  on  by  a  single  im- 
pulse of  the  pov.der,  and  the  accelerating  force  of  gravity  ; 
it  therefore  describes  a  curve  :  this  is  the  foundation  of  the 
art  of  gunnery.  A  nev/  impression  being  made  upon  a  falling 
body  at  every  instant,  by  the  ccatinu^d  action  of  gravity,  and 
the  efi'ect  of  the  former  still  remaining,  the  velocity  con- 
tinually increases.  Suppose  a  single  impulse  of  gravitation, 
in  one  instant,  to  give  a  falling  body  one  degree  of  velocity  ;  if 
after  this  the  force  of  gravitr.tion  v.ere  suspended,  the  body 
would  contir-uc  to  move  with  the  same  degree  of  velocity, 
without  being  accelerated  or  retarded.  But  because  the 
attraction  of  gravitation  continues,  it  produces  as  great  a  velo- 
city in  the  second  instant  as  in  the  first ;  which,  added  to  the 
first,  makes  the  velocity  in  the  second  instant  double  the  first. 
In  like  manner,  in  the  third  instant,  it  will  be  tripled  ;  quad- 
rupled in  the  fourth  ;  and  in  every  instant,  one  degree  of  velo- 
city will  be  ac()uired,  and  added  to  that  whicii  the  body  had 
before;  tiiat  is,  the  motion  will  be  uniformly  accelerated. 

Hence,  then,  from  the  preceding  principles  and  reasoning, 
we  deduce  the  following  general  laws  of  uniformly  accelerated 
motions ;  viz. 

The  velocities  acquired  are  constantly  proportional  to  the 
times. 

The  spaces  arc  proportional  to  the  squares  of  the  times  ; 
so  that  if  a  body  describe  any  given  space  in  a  given  time, 
it  will  describe  four  times  that  space  in  a  double  time,  nine 
times  that  space  in  a  treble  time,  and  so  on.  And  univer- 
sally, if  the  times  be  in  arithmetical  proportion,  as  1,  2,  3,  4, 
&c.  (,  the  spaces  dcscrihcd  will  be  as  1,  1,  !),  10,  Sec,  f. 
Thus  a  body,  which  falls  by  gravity  through  Ifr^  feet  in  the  first 


second,  'will  fall  through  64J  feet  in  two  seconds,  and  so  on. 
And  since  the  velocities  acquired  in  falling  are  as  the  times, 
the  spaces  will  be  as  the  square  of  the  velocities  ;  and  both  the 
times  and  velocities  will  be  as  the  square  roots  of  the  spaces. 

The  spaces  described  by  a  falling  body  in  a  series  of  equal 
moments,  or  intervals  of  time,  will  be  as  the  odd  numbers,  I,  3, 
5,  7,  9,  &c.  which  are  ths  diiferonces  of  the  squares  or  whole 
spaces  ;  that  is,  a  body  which  falls  through  16^  feet  in  the  first 
second,  will  fail  through  3  x  lo^  in  the  second,  5  x  IGi^i  in 
the  third,  and  so  on. 

AcCELERAlCN  cf  Bodics  On  Inclined  Planes.  The  same 
general  law  prevails  here  as  in  perpendicularly  falling  bo- 
dies; the  plana  merely  making  the  motion  slower;  but  the 
iuclination  beir.g  every  where  equal,  the  retardation  arising 
therefrom  will  proceed  equally  in  all  parts  at  the  beginning 
and  the  ending  of  the  motion:  and  the  Acceleration  o/«Ae 
Tilotion  of  Pendulums,  is  in  a  less  ratio  than  that  of  bodies 
frdling  perpendicularly.  The  Accelekation  of  the  Monn,  is 
her  inei-ease  of  mean  motion,  from  the  sun,  compared  with  the 
diurnal  motion  of  the  earth;  being  about  10"  in  100  years. 

Acceleration  of  a  Planst,  when  the  real  diurnal  motion 
exceeds  the  mean  diurnal  motion-  And  a  planet  is  retarded 
wlien  the  mean  motion  exceeds  the  real  diurnal  motion. 
This  inequality  arises  from  the  change  in  the  distance  of  the 
planst  from  the  sun,  v.'hiel;  is  continually  vaiying;  the  planet 
moving  quicker  in  its  orbit  when  nearer  the  sun,  and  slower 
whsu  fui'ther  from  him. 

ACCENT,  in  Speaking,  an  inllexionof  voice;  in  Grammar, 
a  ceriaia  mark  placed  over  a  word  or  syllable. 

ACCEPTANCE,  in  Law,  agreeing  to  olfers  made  in  bar- 
gaining ;  in  Comiaerce,  signing  one's  name,  or  making  one's 
self  debtor  for  the  sum  contained  in  a  bill  of  exchange. 

ACCEPTILATION,  among  Civilians,  a  discharge  given  by 
a  creditor  to  ths  debtor,  without  the  payment  of  any  value. 

ACC3SSIOIT,  in  Law.  the  property  of  the  accessory,  as 
the  calf  of  a  cow  becomes  the  property  of  her  owner.  Acces- 
sion in  Medici.ie,  the  paroxysm  of  a  disease  ;  in  Politics,  it 
signifies  a  prince's  succeeding  to  the  throne  of  his  father  or 
prsdeosssor. 

ACCESSORY,  something  that  accedes,  not  principal: 
guilty  by  participation,  before  or  after  the  fact. — Accessory 
Nerves,  in  Anatomy,  arise  from  the  medulla  in  the  vertebrae  of 
the  nscit,  pass  tl.rough  the  skuil,  and  distribute  themselves 
again  in  the  neck  and  shoulders. — Accessory,  in  Painting,  de- 
notes arms,  vases,  Sec.  which  in  historical  pieces  may  be  left  out. 

ACCIDENT,  in  Heraldry,  an  additional  point  in  a  coat  of 
arms,  which  may  be  omitted  or  retained,  without  altering  the 
essence  of  tiie  armour. 

ACCIEEiiTAL  Point,  in  Perspective,  is  a  point  in  the 
hoiizontal  line,  in  which  a  right  line  drav.n  from  the  eye, 
parallel  to  another  right  line,  intersects  the  picture  or  perspec- 
tive plr.ne.  This  is  also  the  accidental  point  of  all  other  lines 
parallel  to  the  original  line,  since  the  same  line  drawn  from  the 
eye  is  parallel  to  them  all ;  and  the  representations  of  all  these 
parallels,  when  produced,  concur  in  the  accidental  point.  See 
Perspective. 

ACCLIVITY,  the  slope  or  steepness  of  a  line  or  plane 
inclined  to  the  horizon,  taken  upwards,  in  contradistinction  to 
declivity,  which  is  taken  downwards.  So  the  ascent  of  a  hill  is 
an  acclirihi,  and  the  descent  of  the  same  a  declirili/. 

ACCOMPANIMENT,  in  Music,  an  instrument  that  accom- 
panies the  voice  to  give  it  effect,  or  make  the  music  more  full. 
In  Painting,  such  objects  as  are  added  for  iirnament  or  fitness 
to  the  chief  figures,  as  dogs,  guns,  &c.  In  Heraldry,  any  thing 
added  to  the  shield  foi  ornament,  as  the  belt,  mantling,  sup- 
porters. 

ACCOMPLICE,  an  accessory,  privy  to  a  crimewith  another. 

ACCOMPLISHMENT  of  Prophecy,  the  fulfilment,  under 
the  New  Testament,  of  events  foretold  by  the  Jewish  pro- 
phets under  the  Old  Testament. 

ACCORD,  in  Painting,  the  harmony  that  prevails  among 
the  lights  and  shadows  of  a  picture. 

ACCOUNT,  or  Accompt,  a  computation  or  reckoning  of 
any  thing  by  numbers,  as  a  transaction  in  business:  and 
Accountant  is  a  person  skilled  in  accounts  ;  or  a  bookkeeper 
to  the  South  Sea  or  East  India  Company. 
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ACCUMULATION  of  Dogrces,  in  an  University,  llie  takiiis 
of  several  degrees  toselher  ;  or  at  sliurler  intervals  tlian  tlie 
rules  of  the  academy  allow. 

ACE,  a  card  or  die  witli  one  point  only. 

ACENTATUM,  or  AcKNTtTA,  a  name  given  by  llie  ancients 
to  tbe  purest  and  linest  kind  of  rock  crjslal.  In  the  isle  of 
.\rran,  there  are  found  rock  crystals  that  vie  with  Brazilian 
diamonds. 

ACER,  in  1?<i'nnv.  the  Mnnh  or  Sycamore  Tree.    iSff  Maple. 

ACETABOLUM,  in  Anatomy,  a  cavity  in  any  bone,  for 
receiving  the  protuberant  head  of  another.  In  Botany,  the 
trivial  name  of  a  species  of  the  peziza,  or  cappcziza,  a  genus 
belonginjc  to  the  cryptogamia  fungi  of  Linna?us. 

ACETOSA,  Sorrel. — Acktosella,  a  species  of  ojrafe.— Ace- 
tous, partaking  of  the  nature  of  vinegar. 

ACETATE  OF  Potash,  known  also  as  regenerated  tartar, 
essential  salt  of  wine,  &c. :  may  be  formed  by  saturating  car- 
bonate of  potash  with  distilled  vinegar,  and  by  evaporating  the 
solution  slowly  to  dryness.  This  salt  has  a  pungent  alkaline 
taste;  exposed  to  the  air,  it  becomes  moist;  is  soluble  in 
«  ater ;  when  heated,  it  melts  and  froths  up,  and  is  then  decom- 
posed and  charred. 

ACETUM,  vinegar,  the  vegetable  acid  of  chemists. 

ACHAN,  in  Medicine,  a  species  of  /lerpes. 

ACHARNER,  a  star  of  the  first  magnitude  in  the  constella- 
tion Eridanus. 

ACHILLE\,  an  artificial  grass,  called  milfoil,  yarrow,  and 
sneezewort.  This  grass  succeeds  best  in  a  good  lawn  ;  and 
may  he  sown  12  lbs.  to  an  acre. 

'I'endo  Achilles,  in  Anatomy,  a  strong  tendon  of  the  heel 
of  the  foot. 

A(-'HROMATIC,  a  term  applied  to  those  telescopes  in  which 
the  aberrations  of  light  are  remedied,  and  the  colours  justly 
reflected. 

ACID  for  Punch.  Bake  red  currants,  and  strain  them  as 
for  jellies  ;  take  a  gallon  of  the  juice,  put  to  it  two  quarts  of 
new  milk  ;  crush  pearl  gooseberries  when  full  ripe,  and  strain 
them  through  a  coarse  cloth  ;  add  two  quarts  of  the  juice,  and 
three  pounds  of  double-refined  sugar,  three  quarts  of  rum,  and 
two  of  brandy,  with  one  ounce  ol'  isinglass  dissolved  in  the 
liquor:  mix  it  all  up  together,  and  put  it  in  a  little  cask.  Let 
it  stand  for  six  weeks,  and  then  bottle  it  for  use.  This  acid 
will  keep  for  many  years.  But,  after  all,  lemon  juice  is  the  best 
acid  for  punch. 

Acids  and  their   Salts.     Acids   are  either  solid,  liquid,  or 
gaseous.     They  have   so  strong  an  attraction  for  water,  as  to 
be  generally  incapable  of  appearing  in  a  solid  form. 
The  general  characteristic  Properties  of  Acids, 

1.  They  are  sour  when  applied  to  the  tongue. 

2.  They  change  vegetable  blues  to  a  red  colour. 

3.  They  comliine  with  metals  and  metallic  oxides  :  among 
the  latter  are  included  earths  and  alkalis  ;  with  all  these  they 
form  salts. 

4.  They  combine  with  water  in  all  proportions.  In  this 
state,  they  are  said  to  be  diluted.  Very  many  contain  oxygen 
as  one  of  their  components  :  but  this  substance  is  by  no  means 
a  necessary  ingredient  in  acids;  for  there  are  several  which 
possess  the  above  properties,  which  do  not  contain  oxygen. 

All  the  acids  combine  with  the  alkalis.  These  combinations 
have  been  termed  neutral  salts.  Example— sulphate  of  soda, 
which  is  produced  by  a  combination  of  sulphuric  acid  with 
soda.  These  salts  are  easily  formed  by  art:  and  nature  ex- 
hibits a  great  number,  especially  ol  those  which  are  formed  by 
acids  of  simple  radicals  ;  example — sulphate  of  lime. 

Neutral  salts  are  distinguished  by  two  names  ;  one  express- 
ing the  acid,  and  the  other  the  alkaline  base ;  example — sul- 
phate of  lime  is  composed  of  sulphuric  acid  and  lime. 

All  metallic  substances  combine  with  at  least  some  of  the 
acids ;  example — sulphate  of  iron  is  formed  by  the  union  of 
iron  with  sulphuric  acid. 

When  a  metallic  substance  is  put  into  an  acid,  the  first 
requisite,  in  order  that  it  may  dissolve,  is,  that  it  become  oxi- 
dated in  it,  the  acid  first  giving  up  a  part  of  its  oxygen  to  the 
metal  ;  or  rather,  by  decomposing  water  which  may  be  pre- 
sent:  the  oxygen  combining  witii  the  metal,  whilst  the  hydro- 
gen is  set  free. 


In  metallic  solutions,  an  elTervescence.  or  discnga;;en)ent  of 
gas,  olleii  lakes  place.  The  gas  disengaged  by  nilrii-  iicid,  is 
nitric  gas;  that  disengaged  by  sulphuric  acid."  is  sulp!iurous 
acid  gas,  provided  this  acid  has  furnished  the  oxv;;en  ;  hut 
it  is  hydrogen  gas,  if  the  oxygen  has  been  furnished  by  the 
water. 

In  general,  the  metals  do  not  take  from  these  acids  all  their 
oxygen  ;  they  do  not  reduce  the  one  to  azote,  and  the  other  to 
sulphur  ;  but  to  nitrous  gas,  and  sulphurous  acid,  which  can- 
not exist  but  in  a  gaseous  state. 

Metallic  substances  dissolve  without  effervescence,  when 
they  have  been  previously  oxidated  ;  example — white  oxide 
of  lead  will  dissolve  in  acetic  acid  when  metallic  le:ul  «iil 
not. 

A  metal  does  not  dissolve  with  effervescence  in  oxygenated 
muriatic  acid,  or  chlorine. 

Silver,  mercury,  and  lead,  are  not  soluble  in  murialie  acid, 
when  exposed  to  it  in  their  metallic  state  ;  but  if  pieviously 
oxidated,  they  are  exceedingly  soluble,  and  the  solution  takes 
place  without  effervescence. 

Table  of  the  chief  acids,  whose  general  properties  deserve  to 
be  known. 


1.  Mineral  Acids. 

17. 

Malic. 

1.  Sulphurous. 

18. 

Oxalic. 

2.  Sulphuric. 

19. 

Citric. 

3.  Nitrous. 

20. 

Tartaric. 

4.  Nitric. 

21. 

Benzoic. 

5.  Muriatic,  or 

22. 

Camphoric. 

Hydrochloric. 

23. 

Gallic. 

6.  Chloric. 

24. 

Succinic. 

7.  Carbonic. 

25. 

Suberic. 

8.  Fluoric. 

IV.  Animal  Acids. 

i).   Boracic. 

26. 

Phosphorous. 

//.   metallic  Acids. 

27. 

Phosphoric. 

10.  Arseuious. 

28. 

Bombic. 

11.  Arsenic. 

29. 

Sebacic. 

12.  Tungstic. 

30. 

Laccic. 

13.  Molybdic. 

31. 

Lactic. 

14.  Chromic. 

32. 

Saccho-Iactic. 

15.  Columbic. 

33. 

Uric. 

///.    Vegetable  Acids. 

34. 

Prussic. 

16.  Acetic,  or  Acetous. 

35 

P\roligneons. 

The  salts  produced  by  the  union  of  any  acids,  whicli  end  in 
oils,  have  their  terminalion  in  ite.  Thus,  sulpliuroH*  acid  and 
potash  form  sulphi/e  of  potash.  Neutral  salts  formed  b\  acids 
ending  in  ic,  have  their  terminations  in  ate,  thus,  sulphuric 
acid  and  potash  form  sulphn/e  of  potash. 

Sulphurous  Acid  is  sulphur  combined  with  oxygen,  but  not 
to  saturation.  It  is  the  sulphurous  acid  gas  when  absorbed  by 
water.  The  salts  formed  by  the  combination  of  this  acid  with 
difierent  bases,  are  called  sulph(ie.s;  they  are  not  emplojcd 
lor  any  useful  purpose. 

Sulphuric  Acid,  formerly  called  oil  of  vitriol,  is  formed  by 
the  combinatiou  of  sulphur,  which  is  its  base,  and  oxygen. 
.Snlpha(e.$  are  neutral  salts,  formed  by  the  sulphuric  acid  with 
certain  bases.  Sulphate  of  potash,  formerly  called  vitriolated 
tartar,  is  produced  by  the  conibiiiation  of  the  sulphuric  acid 
and  potash.  It  is  found  freipiently  in  mineral  waters.  Sul- 
phate of  soda,  commonly  called  Glauber's  salt,  is  formed  by 
the  combination  of  soda  with  the  sulphuric  acid.  The  sul- 
phates of  iron  and  copper  are  used  in  dyeing,  &c.  Sulphate  of 
lime,  or  plaster  of  Paris,  is  used  for  making  casts,  busts,  &c. 

ISitrous  Acid  exists  in  the  state  of  gas,  in  the  form  of  a  red 
vapour;  it  is  nitrous  gas  combined  with  a  cpiantitv  of  ox\;;en. 
Nitrous  acid  is  procured  from  sulphate  of  iron,  depri\ed  of  its 
water  of  crystallization  by  heat,  and  an  equal  weight  of  dry 
nitrate  of  potash.  It  may  also  be  obtained  by  de<-omposing 
nitrate  of  potash,  by  means  of  sulphuric  acid,  with  the  as.sist- 
ance  of  heat.  The  salts  formed  with  this  acid  are  very  little 
known. 

iSitric  Acid.  The  constituent  principles  of  this  acid  are 
oxygen  and  nitrogen.  It  differs  from  the  last  mentioned  acid, 
only  in  not  having  any  nitrous  gas  in  a  loosely  combined  state. 
Oxygen  and  nitrogen  with  caloric,  form  nitrous  gas.  This  gas, 
with  a  greater  quantity  of  oxygen,  forms  nitric  acid.  Nilrio 
acid  is  transparent,  liquid,  and  colourless  ;  sold  in  the  shops 
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bj  the  name  of  aqua-fortis.  It  is  procured  by  re-distiiling 
nitrous  acid,  or  at  least  heating:  it  till  il  is  deprived  of  its  fumes. 
The  combination  of  nitric  acid  with  dilierent  bases,  are  called 
nitrates.  Nitrate  of  silver  is  the  lunar  caustic  used  by  sur- 
geons. It  is  also  used  in  making  indelible  ink  for  marking 
linen.  These  salts  have  the  property  of  detonalins;  with,  or 
inllamiug,  charcoal,  and  other  easily  inllanimable  bodies,  at  a 
red  heat.  It  is  upon  this  property  that  the  composition  of 
gunpowder  is  founded,  which  consists  of  five  parts  of  nitrate  of 
potash,  or  salt-petre,  one  of  charcoal,  and  one  of  sulphur. 

3Iuriatic  or  Hijdroclihric  Acid,  formerly  termed  marine  acid, 
or  spirit  of  salt,  is  composed  of  hydrogen  and  chlorine.  Its 
combinations  with  earths,  alkalis,  and  metals,  form  hydrochlo- 
rates  or  muriates.  Muriate  of  potash,  formed  by  the  combina- 
tion of  muriatic  acid  with  potash,  is  found  in  sea-water  and 
old  plaster:  it  has  a  strong,  bitter,  disagreeable  taste.  Muriate 
of  soda,  (marine,  common,  or  rock  salt,)  formed  by  the  combi- 
nation of  muriatic  acid  with  soda,  is  found  native  in  mines,  in 
many  places,  but  particularly  in  Poland  and  Hungary.  It  is 
also  obtained  from  sea-water  by  evaporation,  &c.  Muriate  of 
ammonia,  or  sal-ammoniac,  formed  by  the  combination  of 
muriatic  acid  with  ammonia,  is  found  native  in  mines,  in  many 
parts,  particularly  in  the  neighbourhood  of  volcanoes.  Muriate 
of  lime  is  found  in  mineral  waters  of  the  sea,  to  which  it  con- 
-tributes  to  give  their  bitter  taste.  Muriate  of  barytes  is  not 
known  to  exist  native.  Muriate  of  lead  is  the  pigment  or  paint 
known  by  the  name  patent  yrllow. 

Chloric  Acid,  formerly  called  oxygenated  muriatic  acid,  is 
muriatic  acid  deprived  of  its  hydrogen.  It  removes  the  stain 
of  common  ink,  though  it  does  not  afl'ect  printer's  ink.  It  is, 
therefore,  used  for  cleaning  books  and  prints.  Half  an  ounce 
of  minium  or  red  oxide  of  lead,  being  added  to  three  ounces  of 
muriatic  acid,  will  render  it  fit  for  this  purpose.  Nitro-muria- 
tic  acid,  called  formerly  aqna-regia,  is  an  acid  analogous  to 
chloric  acid.  This  acid  has  the  property  of  dissolving  gold 
and  platina,  which  cannot  be  acted  upon  by  any  other  acid. 
Chlorate  of  potash,  or  oxygenated  muriate  of  potash,  is  made 
by  introducing  the  chlorine  gas  into  a  solution  of  potash.  This 
salt  has  the  property  of  detonating  with  sulphur,  charcoal,  &c. 
and  has  been  used  for  making  gunpowder ;  but  the  manufac- 
ture and  use  of  this  powder  are  very  dangerous. 

Carbonic  Acid  exists  in  the  gaseous  state,  and,  in  combina- 
tion with  different  bases,  constitutes  the  salts  termed  earlio- 
nates.  Carbonate  of  potash  is  made  by  exposing  a  solution 
of  potash  to  the  carbonic  acid  gas  until  saturated.  Carbonate 
of  soda  is  decomposed  by  quicklime,  by  tlie  acids,  and  by  fire, 
so  also  is  the  former  carbonate.  Carbonate  of  ammonia,  or 
concrete  volatile  alkali,  may  be  obtained  from  any  animal  sub- 
stances, but  it  is  not  found  native;  it  is  a  combination  of  car- 
bonic acid  with  ammonia.  Carbonate  of  barytes  has  no  taste, 
is  not  altered  in  the  air,  is  almost  insoluble  in  water,  but  is 
decomposed  by  heat,  and  by  all  the  acids.  Carbonate  of  mag- 
nesia, or  common  magnesia,  is  obtained  by  precipitation  with 
the  carbonate  of  soda,  from  the  sulphate  of  magnesia.  It 
loses  its  water  and  acid  by  calcination,  the  residue  being  pure 
magnesia,  sometimes  called  calcined  magnesia. 

Fluoric  Acid  is  composed  of  fluorine  and  oxygen.  In  a 
gaseous  state,  it  forms  lluoric  acid  gas  ;  united  to  water,  it 
constitutes  li(iui(l  lluoric  acid.  It  exists  completely  formed  in 
lluate  of  lime,  known  under  the  name  of  flour  or  Derbyshire 
spar.  The  distinguishing  property  of  the  fluoric  acid  is,  its 
power  of  dissolviug  silcx,  and  being  employed  for  etching  on 
glass. 

Boracic  Acid  is  a  concrete  acid  extracted  from  borax,  a  salt 
brought  from  India:  its  base  is  unknown.  ISoracic  acid  exists 
in  brilliant  wlii'e  scales,  soft,  and  unctuous  to  the  touch.  Its 
taste  is  bitterisli,  with  a  slight  acidity.  Jjorate  of  soda,  or 
borax,  formed  by  the  cond)inalion  of  the  boracic  acid  v('ith 
soda,  is  found  in  a  crystallized  state  at  the  bottom  of  certain 
salt  lakes,  in  a  barren  volcanic  district  of  the  kingdom  of 
Thibet.  A  still  purer  kind  comes  from  China.  When  reduced 
into  a  white  opaque  light,  it  is  called  calcined  borax. 

Arsciiiouf!  Acid  is  metallic  arsenic,  owgcnated  in  the  first 
degree,  and  therc'forc  called  arsenioiis  acid.  The  white  arsenic 
of  the  chemists'  shops  is  chiefly  obtained  from  the  arsenical 
ores  of  col>alt. 


Arsenic  Acid,  produced  only  by  art,  appears  in  the  form  of  a 
white  powder.  All  the  preparations  of  arsenic  are  deadly 
poisons;  the  hydro-sulphurets  are  the  best  antidotes.  A  weak 
solution  of  h>dro-sulphuret  of  potash,  soda,  or  lime,  is  there- 
fore often  administered  with  success,  if  given  in  time,  to  per- 
sons who  have  been  poisonedby  arsenic.  Sulphurous,  mineral, 
or  the  Harrowgate  water,  may  also  be  gi\en.  In  such  cases, 
oil,  milk,  butter,  &c.  which  arc  too  often  resorted  to,  should 
never  be  employed,  if  a  sulphuret,  or  hydro-sulphuret,  can 
possibly  be  procured. 

Tungstic  Acid  is  procured  from  a  mineral  called  tungsten, 
which  is  a  combination  of  this  acid  with  lime,  (tungstate  of 
lime,)  or  from  wolfram,  which  is  this  acid  united  to  iron  and 
manganese. 

Muhjbdic  Acid  is  molybdena  oxygenated  ;  for  this  metal  is 
susceptible  of  o.xygenatiou  to  such  a  degree  as  to  become  a 
concrete  acid. 

Chromic  Acid  is  found  combined  with  oxide  of  lead,  in  the 
mineral  called  chroinate  of  lead,  or  the  red  lead  of  Siberia;  also 
united  to  iron,  alumine,  and  sile.x,  in  the  substance  called 
chromate  of  iron.  This  acid  has  the  peculiar  property  of  form- 
ing the  most  brilliant  colours  with  whatever  metal  it  combines  : 
chromate  of  lead  is  an  intense  yellow,  chromate  of  mercury  a 
brilliant  red,  and  chromate  of  silver  a  beautiful  violet. 

Columhic  Acid  is  found  in  the  lately  discovered  ore  called 
columbium,  or  columbate  of  iron. 

Acetic,  or  Acetous  Acid,  exists,  mixed  with  other  substances, 
in  common  vinegar.  Since  this  acid  is  very  volatile,  it  isobtaiued 
pure  by  distilling  vinegar  in  a  sand-heat.  In  this  state,  it  is 
called  distilled  vinegar.  Its  base  is  carbon,  hydrogen,  and 
o.xygen.  The  same  substances  form  the  bases  of  the  other 
vegetable  acids,  but  in  dilierent  proportions.  The  acctites  of 
potash  and  soda  are  obtained  by  neutralizing  the  carbonates 
of  these  alkalis  with  acetous  acid,  and  evaporating  and  crys- 
tallizing the  solution.  Acetate  of  lead,  or  sugar  of  lead,  is 
composed  of  lead  and  acetic  acid  :  hence,  acetic  acid  for  pre- 
paring aromatic  vinegar,  is  usually  obtained  by  pouring  stil 
pliuric  acid  on  the  sugar  of  lead  in  a  retort,  and  distilling  tht 
acetic  acid  in  a  receiver  prepared  for  the  pur[)ose.  Here  we 
have  an  example  of  decomposition  :  for  the  sulphuric  acid 
must  combine  with  the  lead  befoie  the  acetic  acid  vill  come 
over.  This  distillation  must  he  carried  on  in  a  sand-bath. 
Aromatic  vinegar  is  merely  acetic  acid  with  a  little  camphor 
and  oil  of  bergamot  dissolved  in  it. 

Malic  Acid  is  found  in  the  juice  of  unripe  apples,  and  some 
other  fruits. 

Oxalic  Acid  is  prepared  from  sugar  by  mixing  it  with  nitric 
acid.  It  is  highly  poisonous,  and  many  deaths  have  occurred, 
sometimes  through  tiie  negligence  even  of  druggists,  by  mis- 
taking it  for  Epsom  salts,  which  are  very  like  it. 

Citric  Acid  is  found  in  the  juice  of  lemons  and  oranges 
unripe  gr;;pes,  and  other  sour  fruits.  It  is  also  called  concrete 
lemon  juice,  and  is  used  for  a  variety  of  purposes.  It  is  a  very 
useful  substance  for  taking  stains  of  ink  out  of  linen. 

Tartaric  Acid.  The  tartar  found  adh'.ring  to  wine  casks, 
is  a  salt  composed  of  a  peculiar  acid  combined  with  potash, 
but  in  such  a  manner,  that  the  acid  is  in  considerable  excess. 
The  salt  is  known  under  the  name  of  acidulous  tartrite  of 
potash,  and  the  acid  which  enters  into  its  composition  is  the 
tartaric.  It  is  by  the  combination  of  this  acid  with  potash, 
that  the  acidulous  tartrite  of  potash,  usually  called  cream  of 
tartar,  is  formed  by  solution,  with  subse(|ueul  filtration  and 
CTaporation. 

Jienzoic  Acid  is  found  in  the  resin,  called  benzoin,  in  the 
balsam  of  I'cru,  and  some  other  substances  of  this  kind.  It  is 
also  found  in  urine,  and  other  animal  substances. 

Camphoric  Acid,  is  camphor  oxygenated  to  acidity.  Cam))hor 
is  a  concrete  essintial  oil,  extracted  by  sublimation  from  a 
laurel  which  grows  in  China  ainlJapan. 

dullic  .\cid  is  found  in  gall-iuits,  bark  of  trees,  and  in  all 
those  vegetables  called  astringents. 

Suoeinic  .■\cid  is  obtained  from  aud)er,  and  is  therefore  called 
also  acid  of  amber.  .Vmbcr  is  a  bituminous  substance  of  a 
yellow  colour,  which  is  found  chitlly  on  the  sea-coast  of  Prus- 
sia. It  takes  a  fine  polish,  and  is  used  for  various  ornameuts. 
It  is  strongly  electrical 
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Suberic  Acid  exists  in  cork.  It  reddens  vegetable  blues, 
and  has  the  pi'culiar  property  of  turning  the  blue  solution  of 
indigo  in  sulpliuric  acid,  to  green. 

Fl.vsphurous  Acid.  When  phosphorous  is  burnt  slowly,  and 
does  not  become  completely  saturated  with  oxygen,  it  forms 
phosphorous  acid.     Its  salts  are  the  phosphites. 

Phosphoric  Acid  is  phosphorus  saturated  with  oxygen.  This 
acid  is  obtained  from  bones,  which  are  composed  of  phosphate 
of  lime,  and  gelatine.  It  may  also  be  obtained  by  the  rapid 
combustion  of  phosphorus  in  oxjgeu  gas. 

Bombic  Acid  is  obtained  from  the  silkworm.  It  is  very  little 
known. 

Pi/rolignenus  Acid,  obtained  by  distillation  from  wood,  is 
sometimes  called  wood  vinegar.  This  acid  is  said  to  preserve 
anjmal  food  for  any  length  of  time.  The  whole  carcase  of  a 
sheep  being  immersed  in  it,  was  found,  upon  examination 
many  months  afterwards,  to  be  perfectly  free  from  any  appear- 
ance of  putrefaction.  A  leg  of  mutton,  declared  unsaleable 
by  the  butchers,  being  immersed  in  the  pyroligneous  acid, 
was,  after  a  twelvemonth,  perfectly  sweet,  and  likely,  from  its 
appearance,  to  continue  so  many  years. 

Dr.  Jorg,  professor  of  Leipsic,  has  made  many  successful 
experiments  of  th«  same  nature.  He  has  entirely  recovered 
several  anatomical  preparations  from  incipient  corruption,  by 
pouring  this  acid  over  them.  With  the  oil  which  is  produced 
from  wood  by  distillation  in  the  dry  manner,  he  has  moistened 
pieces  of  ilesh  already  advanced  in  decay  ;  and,  notwithstand- 
ing the  heat  of  the  weather,  soon  made  them  as  dry  and  firm 
as  flesh  can  be  rendered  by  being  smoked  in  the  smoking- 
room.  All  traces  of  corruption  vanish  at  once  when  the 
vinegar  of  wood,  or  the  oil  of  wood,  is  applied  to  the  meat 
with  a  brush.  The  professor  has  also  begun  to  prepare 
mummies  of  animals,  and  lias  no  doubt  of  success.  He 
promises  great  advantages  to  anatomy,  domestic  economy 
and  even  to  medicine,  from  this  discovery,  for  the  remedy 
seems  very  fit  to  bo  applied  internally  and  externally  in  many 
disorders. 

It  is  made  in  the  large  way  at  an  establishment  at  Batter- 
sea,  of  one  uniform  strength  of  50  degrees,  by  the  new  excise 
autometer.  This  acid  is  pronounced  to  be  pure  acetous  acid, 
perfectly  free  from  sulphuric  and  all  other  mineral  acids,  and 
from  mucilaginous,  earthy,  and  metallic  in-.purities.  It  is 
therefore,  when  diluted,  perfectly  wholesome  with  food,  and 
may  be  used  for  all  the  purposes  of  vinegar. 

The  pyroligneous  acid  admits  of  being  diluted  with  seven 
parts  of  water,  which  will  reduce  it  to  the  strength  of  common 
distilled  vinegar  :  it  is  then  well  qualified  for  pickling  vege- 
tables and  fish  :  the  latter,  particularly,  is  found  to  be  pre- 
served longer  willi  this  vinegar,  and  to  eat  firmer  and  better 
than  with  any  other.  This  acid  is  bright  and  colourless  as 
water;  but  it  readily  takes  any  colour  or  (lavour.  It  will  keep 
for  any  length  of  time,  in  any  climate,  without  losing  its 
strength,  or  becoming  ropy  and  thick,  or  niothcry,  as  it  is 
generally  termed.  At  sea,  it  is  particularly  useful  f(jr  the 
scurvy  ;  and  for  all  medical  purposes,  it  answers  the  uses  of 
the  best  distilled  vinegar. 

Sebacic  Acid,  called  also  the  acid  of  fat,  and  obtained  from 
the  fat  of  animals,  is  concrete,  and  soluble  in  water,  it  is  sour, 
and  without  odour. 

Laccic  Acid,  lately  discovered  in  a  substance  called  white 
lac,  is  formed  by  certain  insects  of  the  coccus  tribe. 

Luetic  Acid  is  found  in  the  whey  of  milk.  It  is  concrete, 
and  liquefies  in  the  air.     It  is  sour,  and  oxidates  the  metals. 

Succho-Lactic  Acid,  discovered  by  Scheele,  who  obtained  it 
by  treating  sugar  of  milk  with  nitric  acid  :  it  is  also  obtained 
by  treating  gum-arabic  with  nitrous  acid. 

Uric  Acid,  also  called  lithic  acid,  is  found  in  urinary  calculi, 
and  in  human  urine. 

Prussic  Acid  is  produced  by  exposing  the  horns,  hoofs,  and 
dried  blood  of  animals,  with  an  ecpial  quantity  of  fixed  alkali, 
to  a  red  heat.  This  acid,  united  to  iron,  forms  that  beautiful 
piiment  called  Prussian  blue.  From  this  salt  the  acid  is 
frequently  obtained,  this  being  the  least  expensive  mode.  The 
pure  acid  is,  perhaps,  the  most  intense  poison  ever  known:  a 
glass  rod  dipped  in  it,  was  inserted  in  the  ninulh  of  a  dog, 
who  fell  dead,  as  if  struck  by  lightning,  the  instant  it  touched 


the  poor  animal's  palate.     The  dog  had  been  a  remarkably 
strong  one. 

ACLOWA,  a  plant  used  by  the  natives  of  Guinea  to  cure 
the  itch.  The  Acolckoba  is  famous  among  them  for  its  cure  of 
the  small-pox,  which  is  administered  in  an  infusion  of  «ine. 

ACONITUM,  common  blue  monk's-hood;  every  part  of  the 
fresh  plant  is  strongly  poisonous  ;  the  root  most  so.  It  is  used 
in  medicine. 

ACORN,  the  fruit  of  the  oak  ;  upon  which  both  man  and 
beast  may  live. 

ACORUS,  in  Botany,  sweet  rush  ;  generally  looked  upon 
as  a  carminative  and  stomachic  medicine  :  in  Natural  History, 
blue  coral,  which  grows  in  form  of  a  tree  on  the  coast  of  Benin, 
in  Africa. 

ACOUSTICS  is  the  science  which  treats  of  the  nature,  phe- 
nomena, and  laws,  of  the  sense  of  sound.  It  extends  to  the 
theory  of  musical  concord  and  harmony,  and  is,  therefore,  a 
valuable  and  interesting  science.  Sound  is  considered  as 
arising  from  vibrations  in  the  air,  communicated  to  it  by  vibra- 
tions of  the  sounding  body,  acting  in  pulsations,  or  concentric 
waves,  like  the  surface  of  water  when  a  stone  is  thrown  into  it. 
A  sonorous  body,  whilst  sounding,  is  unquestionably  in  a  state 
of  vibration,  and  the  air,  by  similar  vibrations,  communicates 
and  propagates  these  vibrations.  The  principal  causes  of  the 
variety  of  sounds,  are  :  First,  The  greater  or  less  frequency  of 
the  vibration.  Secondly,  The  quantity  or  force  of  the  \  ibrating 
materials.  And,  Thirdly,  The  greater  or  less  simplicity  of  the 
sounds.  Hence  arise  the  height,  the  strength,  and  the  modifi- 
cation, of  sounds.  The  vibrations  of  a  sounding  body  continue 
for  a  longer  or  shorter  time,  according  as  the  body  is  more  or 
less  elastic,  or  as  it  is  thicker  or  thinner. 

Of  the  Velocity  of  Sound.  By  experiments,  we  know  that 
sound  travels  1142  feet  in  a  second,  or  13  miles  a  minute  :  water 
accelerates  its  velocity;  and  all  sounds  travel  at  the  same  rate; 
the  softest  whisper  Hies  with  the  speed  of  the  loudest  thunder. 
The  velocity  of  sound  is  to  that  of  a  brisk  wind  as  fifty  to  one. 

The  velocity  of  sound  has  been  applied  to  the  measurement 
of  distances. 

A  ship  at  sea  in  distress  fires  a  gun,  the  light  of  which  is 
seen  on  shore  20  seconds  before  the  report  is  heard,  therefore 
it  is  known  to  be  at  the  distance  of  20  times  1142  feet,  or  little 
more  than  A\  miles.  I  see  a  vivid  Hash  of  lightning;  and  if  in 
three  seconds  I  hear  a  tremendous  clap  of  thunder,  I  instantly 
know  that  the  thunder  cloud  is  only  two-thirds  of  a  mile  dis- 
tant. I  should  therefore  retire  instantly  from  any  exposed 
situation.  The  pidse  of  a  healthy  person  beats  about  76  times 
in  a  minute  ;  if,  therefore,  between  the  tlash  of  lightnin;.;  and 
the  thunder  I  can  feel  1,  2,  3,  4,  &c.  beats  of  my  pulse,  I  know 
the  cloud  is  900,  ISOO,  2700,  3600  feet  from  me. 

Smooth  and  clear  sounds  proceed  from  bodies  that  are  homo- 
geneous, and  of  an  uniform  figure  :  harsh  and  rough,  or  obtuse 
sounds,  from  irregular  bodies,  or  such  as  are  made  of  mixed 
matter.  The  strength  of  sounds  is  greatest  in  cold  and  dense 
air ;  and  least  in  tliat  which  is  warm  and  rarefied.  And  under 
an  exhausted  receiver,  a  bell  gives  no  sound.  Every  point 
against  which  tlie  pulses  of  sound  strike,  becomes  a  centre 
from  which  a  new  series  of  pulses  are  propagated  in  every 
direction.    Hence  the  extraordinary  echoes  we  sometimes  hear. 

Of  reverberated  Sounds.  Sounds,  like  light,  after  it  has  been 
reflected  from  several  places,  may  be  collected  into  one  point, 
as  into  a  focus  ;  it  will  there  be  more  audilile  than  in  any 
other  part,  even  than  at  the  place  whence  it  proceeded.  On 
this  principle,  the 

Whisperiiiy  Gallery,   fig.  6,  is  constructed, 
of  a  concave  hiiuispherc,  as. A  DC,    fj^  <;_ 
and  if  a   low   sound   be  uttered   at 
A,  the  vibrations  expanding  them- 
selves  every  way,  impinge   on   the 
points  D,  D,  D,  D,    E,  E,  S-e.   and 
from  thence  to  the  points  V,  G,   fill 
they  all  meet  in  C,  where  the  sound, 
being  collected  as  in  a  focus,  will  be 
perfectly   well   heard.      Upon   this   principle,   the  whispering 
gallery  of  St.  Paul's  Cathedral,  London,  is  constructed. 

The  Speahiny  'Trumpet  is  constructed  on  the  principle  of 
the     rejection    of     sounds.        Thus,    the     voice     discharged 


Its  form  is  that 
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at  B,  fijr.  7,  is  con- 
fined witliiii  (lie  tube, 
anil  tlic  viliriilions 
striking  against  its 
liollow  sides,  are  re- 
flected back  to  llie 
an^;ie  of  incidence, 
and  fall  into  the  di- 
rection of  tlie  vibrations  that  proceed  straight  forwards.  The 
whole  of  the  vibrations  are  thus  collected  at  E,  and  if  the  ear 
be  situated  at  or  near  that  spot,  the  sound  is  prodigiously 
increased.  The  rellected  rays  fall  vvithout,  tlie  rajs  of  inci- 
dence within,  the  trumpet.  Every  one  knows  the  utility  of 
speaking  or  hearing 
trumpets,  fig.  8,  to  >^o.  k. 
deaf  persons.  The 
reason  is  obvious ;  the 
speaker's  voice  at  the 
point  Vj,  is  rellected  ^  ., 
to  the  larger  end  of 
the  trumpet,  and  pas-  '•, 

ses  by  the  rays  of  in- 
cidence into  the  ear 
at  B. 

Of  Echoes. — An  echo  is  a  reflection  of  sound  striking  against 
some  object,  as  an  image  is  reflected  in  the  glass:  but  it  has 
been  disputed  what  are  the  proper  qualities  in  a  body  for  thus 
reflecting  sounds.  It  is  in  general  known,  that  caverns,  grot- 
toes, mountains,  and  ruined  buildings,  return  this  reflection  of 
sound. 

We  have  heard  of  a  very  extraordinary  echo,  at  a  ruined 
fortress  near  Louvain,  in  Flanders.  If  a  person  sung,  he  heard 
only  his  own  voice,  without  any  repetition:  on  the  contrary, 
those  who  stood  at  some  distance  heard  the  echo,  but  not  the 
voice;  but  then  they  heard  it  with  surprising  variations,  some- 
times louder,  sometimes  softer,  now  more  near,  then  more 
distant.  There  is  an  account  in  the  Memoirs  of  the  French 
Academ;/,  of  a  similar  echo  near  Rouen. 

Philosophical  Principle  of  an  Echo.  Fiff.  9. — It  has  been 
already  observed,  that  every  point  against  which  the  pulses  of 
sound  strike,  becomes  the  centre  of  a  new  series  of  pulses,  and 
sound  describes  equal  distances  in  equal  times ;  therefore, 
when  any  sound  is  propagated  from  a  centre,  and  its  pulses 
strike  against  a  variety  of  obstacles,  if  the  sum  of  the  right 
lines  drawn  from  that  point  to  each  of  the  obstacles,  and  from 
each  obstacle  to  a  second  point,  be  equal,  then  will  the  latter 
be  a  point  in  which  an  echo  will  be  heard.  Thus,  let  A  be  the 
point  from  which  the  sound  is  pro-  fro.!) 
pagated  in  all  directions,  and  let 
the  pulses  strike  against  the  ob- 
stacles C,  D,  E,  F,  G,  H,  I,  &c.  each 
of  these  points  becomes  a  new  cen- 
tre of  pulses  by  the  first  principle, 
and  therefore  from  each  of  them 
one  series  of  pulses  will  pass 
through  the   point  B.     Now  if  the 

.several  sums  of  the  right  lines  ACi-|-CB-|-,  AD-f-DB,  AE-f-EB, 

AG-i-GB,  AH-I-HB,  AI-|-IB,  Sec.  he  all  cipial  to  each  other, 
it  is  obvious  that  the  pulses  propagated  from  A  to  these 
points,  and  again  from  these  points  to  15,  will  airive  at  B  at 
the  same  instant,  according  to  the  second  principle  ;  and  tluTc- 
fore,  if  the  hearrer  be  in  that  point,  his  car  will  at  the  same 
instant  be  slriick  by  all  these  pulses. 

Now  it  appears  from  experiment,  that  the  ear  of  an  exer- 
cised nnisiiian  can  only  distinguish  such  sounds  as  follow  one 
another  at  the  rate  of  9  or  10  in  a  second,  or  any  slower  rale; 
and  thircfore  for  a  distinct  percepfion  of  the  directed  and 
reflected  sound,  there  should  intervene  the  interval  of  about 

1  1112 

-  of  a  second  ;    but  in  this  time  sound  describes or 

9  <j 

127  feet  nearly.     And   therefore,   unless   the   sum  of  the  lines 

drawn    from   each   of  the   obstacles  of  the  points    A   and  15, 

exceeds  the  interval  AB  by  \2'  feet,  no  echo  will  be  heard  at 

B.     Since    the    several    sums    of  the   lines    drawn    froir.    the 

obstacles  to  the  points  A  and  B  are  of  the  same  magnitude,  it 


appears  that  the  curve  passing  through  all  the  points  C,  D,  B, 
F,  G,  H,  I,  fkc.  will  be  an  ellip.u:  Hence,  ail  the  poinls  of  the 
obstacles  which  produce  an  echo,  must  lie  in  the  surface  of  the 
oblong  spheroid,  generated  by  the  revolution  of  this  ellipse 
round  its  major  avis. 

Different  Echoes  philosophicallt/  accounted  for. — As  there  may 
be  several  spheroids  of  diflerent  magnitudes,  so  there  enay  be 
several  diflerent  echoes,  of  the  same  original  sound.  And  as 
there  may  happen  to  be  a  greater  nundjer  of  reflecting  poinls 
in  the  surface  of  an  exterior  spheroid  tlian  that  of  an  interior, 
a  second  or  a  third  echo  may  be  much  more  powerful  than  the 
first,  provided  tliat  the  superior  number  of  reflecting  points, 
that  is,  the  superior  number  of  reflected  pidses  propagated  to 
tlie  ear,  be  more  than  suHicient  to  compensate  for  the  decay  of 
sound,  v(hich  arises  from  its  being  propagated  through  a 
greater  space.  This  is  finely  illustrated  in  the  celebrated 
echoes  at  the  lake  of  Killariiey  in  Ireland,  where  the  first 
return  of  the  sound  is  greatly  inferior  to  those  which  succeed 
it  inunediately. 

From  what  has  been  laid  down,  it  appears,  that,  for  the 
most  powerful  echo,  the  sounding  body  should  be  in  one  focus 
of  the  ellipse,  w  Inch  is  the  section  of  the  echoing  spheroid,  and 
the  hearer  in  (he  other.  However,  an  echo  may  be  heard  in 
other  situations,  but  not  so  favourably,  as  such  a  number  of 
reflected  pulses  may  arrive  at  the  same  time  at  the  ear,  as  may 
be  suflicient  to  excite  a  distinct  perception.  Thus  a  person 
often  hears  the  echo  of  his  own  voice;  but  for  this  purpose  he 
should  stand  at  least  03  or  C4  feet  from  the  reflecting  obstacle, 
according  to  what  has  been  said  before. 

At  the  common  rate  of  speaking,  we  pronounce  not  above 
three  syllables  and  a  half,  that  is,  seven  half-syllables,  in  a 
second,  therefore,  that  the  echo  may  return  just  as  soon  as 
three  syllables  are  expressed,  twice  the  distanoe  of  the  speaker 
from  the  rellecting  object  must  be  equal  to  1000  feet ;  fur  as 
sound  describes  1142  feet  in  a  second,  f  of  that  space,  that  is, 
1000  feet  nearly,  will  be  described,  while  six  half,  or  three 
whole  syllables  are  pronounced  ;  that  is,  the  speaker  must 
stand  500  feet  from  the  obstacle.  And  in  general,  the  distance 
of  the  speaker  from  the  echoing  surface,  for  any  number  of 
syllables,  must  be  equal  to  the  seventh  part  of  the  product  of 
1142  feet  multiplied  by  that  number. 

In  churches,  we  never  hear  a  distinct  echo  of  the  voice,  but 
a  confused  sound  when  the  speaker  utters  his  words  too 
rapidly  ;  because  the  greatest  diflerence  between  the  direct 
and  reflected  courses  of  such  a  number  of  pulses  as  would 
produce  a  distinct  sound,  is  never  in  any  church  equal  to 
127  feet,  the  limit  of  echoes.  But  though  the  lirst  reflected 
pulses  may  pro-duce  no  echo,  both  on  account  of  their  being 
too  few  in  number,  and  too  rapid  in  their  return  to  the  ear  ; 
yet  it  is  evident,  that  the  rellecting  surface  may  be  so  formed, 
as  that  the  pulses  which  conic  to  the  ear  after  two  reflections 
or  more,  may,  after  having  described  127  feet  or  luore,  arrive 
at  the  ear  in  suflicient  numbers  ;  and  also  so  nearly  at  the 
same  instant  of  time,  as  to  produce  an  echo,  allhough  the  dis- 
tance of  the  reflecting  surface  from  the  ear  be  less  than  the 
limit  of  echoes.  For  example,  as  you  enter  a  small  grotio.  on 
the  banks  of  the  Dinan,  about  2  milis  from  Castlecombe,  in  the 
county  of  Kilkenny,  and  c-iiitinuc  speaking  aloud,  no  return 
of  voice  is  perceived  ;  but  on  arriving  al  a  icitain  point  in  the 
cave,  about  14  or  LO  feet  from  the  reflecting  surlacc,  a  very 
distinct  e(4io  is  heard.  This  echo  is  prci<liiccd  solely  by  those 
pulses  of  voice,  whicli,  alter  being  reflected  several  limes  Irom 
one  side  of  the  grotio  to  the  oilier,  (as  you  observed  in  the 
hollow  tube  of  the  Irunipcl.)  and  having  run  over  a  greater 
space  than  127  feel,  arrive  at  the  ear  in  considerable  numbers, 
and  no  more  distant  from  each  other,  in  point  of  time,  than  the 
ninth  part  of  a  second. 

'J'hc  Invisible  (,'irl.  a  deception  connected  with  the  convey- 
ance of  sound,  is  an  acoustic  experiment,  which  may  thus  be 
si;ienlilically  and  familiaily  explained. 

Ill  the  centre  of  a  large  room  is  placed  an  apparatus,  as 
tig.  10,  with  a  railing  surrounding  il,  about  Ave  let  I  lii:;li,  and 
as  many  wide.  A,  A,  A,  A,  are  the  posts  united  bv  llie  cross- 
rail  15,  B,  mar  the  top,  and  by  two  more  similar  rails  near  the 
bottom.  The  plume  and  globe  are  siippoiled  by  four  stout 
brass  wires.     The  globe,  or  ball  of  copper,  is  about  12  incben 
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diameter ;    and    the   ribbons  which  suspend    it    to  the   bent 

wires   seem    to   cut  ofl'  all   communication   with   the   frame. 

Fig.  10.    Apparatus  of  the  Invisible  Girl. 


Round  this  ball   are  placed  four  trumpets,  at  right  angles  to 
each  other,  as  shewn  in  fig.  11,  having  their  mouths  opening 
Eiall  Frame 


>■*-  ConccnUd 

externally.  Nothing  more  appears  in  the  room,  and  it  is  pre- 
tended there  is  within  the  globe  a  little  lady,  who  will  answer 
you  any  question  you  choose  to  propose  to  her;  and  the  pro- 
cess is  this  : — 

When  the  question  is  proposed,  and  uttered  into  the  mouth 
of  one  of  the  trumpets,  an  answer  immediately  proceeds  from 
all  the  trumpets,  so  distinctly  loud  as  to  be  heard  by  an  car 
applied  to  any  one  of  them,  and  yet  so  remote  and  feeble,  that 
it  actually  seems  to  issue  from  the  twelve-inch  globe.  But 
the  deception  is  this  :     Fig.  12  represents  a   section  of  the 
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apparatus,  in  which  one  of  the  posts,  and  one  half  of  the  rail 
joined  to  it,  are  hollowed  into  a  tube,  the  end  of  which  opens  on 


the  inside  of  the  rail  opposite  the  centre  of  the  trumpet  on  that 
side.  Thishole  isconcealed  by  mouldings,  &c.;  the  tube  commu- 
nicates with  a  tin  pipe;),/),  half  an  inch  diameter,  concealed 
below  the  floor  of  the  room  /,/,  and  passing  up  the  wall  to  a 
large  deal  case.  It,  almost  similar  to  an  inverted  funnel,  and 
large  enough  to  contain  the  confederate  or  invisible  girl,  and  a 
piano  on  which  she  plays.  A  small  hole,  closed  with  glass,  is 
left  through  the  funnel  and  side-wall  of  the  room,  as  at  //, 
which  allows  her  to  comment  on  what  is  passing  among  the 
company.  Thus,  when  any  question  is  asked  at  one  of  the 
trumpets,  the  sound  is  conveyed  through  the  communicating 
tubes  into  the  funnel-shaped  case,  so  as  to  be  heard  by  the  con- 
federate, who  then  gives  the  answer,  which  in  like  manner  is 
conveyed  through  the  tube,  below  the  floor,  to  one  of  the 
trumpets,  and  is  heard  either  from  that,  or  any  of  the  rest. 
Philosophical  Acoustic  Experiments. 
1.  The  jEoliun  Harp,  fig.  13,  is  so  named  from  ^olus,  the 
heathen  deity  of  winds,  as  it  produces  its  wild  and  often  exqui- 
site strains,  merely  by  the  action  of  the  wind.  It  is  thus  con- 
structed : — Let  a  box  be  made  of  as  thin  deal  as  possible,  of 
the  exact  length  answering  to  the  width  of  the  window  in 
which  it  is  intended  to  be  placed,  five  or  six  inches  deep,  and 
seven  or  eight  inches  wide;   let  there  be  glued  upon  it  two 
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pieees  of  wainscot,  A  B,  CD,  about  ha'f  an  inch  high,  and  a 
quarter  of  an  inch  thick,  to  serve  as  bridges  for  the  strings; 
and,  within  side,  at  each  end,  glue  two  pieces  of  beech,  about 
an  inch  square,  of  length  equal  to  the  width  of  Uie  box,  which 
are  to  sustain  the  pegs  :  into  these  fix  as  many  pins,  such  as 
are  used  in  a  harpsichord,  as  there  are  to  be  strings  in  the 
instrument,  7,  10,  or  15, — half  at  one  end  and  half  at  the  other, 
at  equal  distances  :  it  now  remains  to  string  it  with  small 
catgut,  or  blue  first  fiddle-strings,  fixing  one  end  to  a  small 
brass  pin,  and  twisting  the  other  round  the  opposite  pin. 
When  these  strings  are  tuned  to  one  and  the  same  note,  and 
the  instrnment  placed  with  the  strings  outward  in  the  window 
to  which  it  is  fitted,  it  will,  provided  the  air  blows  on  that  win- 
dow, give  a  charming  sound  like  a  distant  choir,  increasing  or 
decreasing  according  to  the  strength  of  the  wind.  The  figure 
represents  an  instrument  with  ten  chords  ;  some  musicians 
direct  the  two  extreme  chords  to  be  two  octaves  below  the 
central  ones.  And  here  it  may  be  proper  to  remark,  that  two 
strings,  of  equal  length,  tension,  and  thickness,  by  performing 
their  vibrations  together,  will  sound  the  same  note,  or  be  in 
unison.  Tsvo  pipes  of  the  same  length  and  diameter  will  agree 
in  the  same  manner.  Large  instruments  and  long  strings  pro- 
duce grave  or  deep  tones  ;  small  instruments  and  short  strings 
produce  acute  and  high  tones. — lu  the  case  of  the  strings,  the 
air  is  struck  by  the  body,  and  the  sound  is  excited  by  the 
vibrations  :  in  that  of  the  pipes,  the  body  is  struck  by  the  air, 
but,  as  action  and  re-action  arc  equal,  the  clfcct  is  the  same. 
Let  a  musical  string  of  any  length  be  divided  into  two  equal 
parts  by  a  bridge  in  the  middle  ;  and  the  sound  of  each  lialf 
is  eight  notes,  or  an  octave,  higher  than  the  tone  of  the  whole 
string.  Organ  pipes  produce  grave  or  acute  tones  in  propor- 
tion to  their  length  and  size.  It  is  the  shortest  string  of  a 
harpsichord  which  yields  the  highest  notes. 

2.  The  Conversing  Statue,  fig.  14,  consists  of  a  concave  mir- 
ror, about  2  feet  diameter,  as  AB,  placed  in  a  perpendi- 
cular direction ;  the  focus  of  the  mirror  being  from  15  to  18 
inches  from  the  surface.  At  the  distance  of  5  or  G  feet  is  a 
partition,  with  an  opening  EF,  of  the  same  size  with  the  mirror; 
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against  this  opening  place  a  picture  painted  in  water  colours, 
on  a  thin  cloth,  that  the  sound  may  easily  pass  througli  it. 
Fig.  14. 


The  more  effectually  to  conceal  the  cause  of  this  illusion,  the 
mirror  A  B,  may  be  fixed  in  the  wainscot,  and  a  gauze,  or  any 
other  thin  covering,  thrown  over  it,  as  that  will  notin  the  least 
prevent  the  sound  from  being  reflected.  An  experiment  of  this 
kind  may  be  performed  in  a  field,  or  garden,  between  two 
hedges,  in  one  of  w  hicli  the  mirror  A  B  may  be  placed,  and  in 
the  other  an  opening  artfully  contrived.  Behind  the  partition, 
at  the  distance  of  two  or  three  feet,  place  another  mirror,  G  H, 
of  the  same  size  as  the  former,  and  let  it  be  diametrically  oppo- 
site to  it.  Both  the  mirrors  here  used  may  be  of  tin,  or  gilt 
pasteboard  ;  this  experiment  not  requiring  such  as  are  very 
accurate.  At  the  point  C,  let  there  be  placed  the  figure  of  a 
man  seated  on  a  pedestal,  and  let  his  ear  be  placed  exactly  in 
the  focus  of  the  first  mirror;  his  lower  jaw  must  be  made  to 
open  by  a  wire,  and  shut  by  a  spring ;  and  there  may  be  another 
wire  to  move  the  eyes :  these  wires  must  pass  through  the 
figure,  go  under  the  floor,  and  come  up  behind  the  partition. 
Let  a  person,  properly  instructed,  be  placed  behind  the  partition 
near  the  mirror.  You  then  propose  to  any  one  to  speak  softly 
to  the  statue,  by  putting  his  mouth  to  the  ear  of  it,  assuring 
him  that  it  will  answer  instantly.  You  then  give  the  signal  to 
the  person  behind  the  partition,  who,  by  placing  his  ear  to 
the  focus  I,  of  the  mirror  G  H,  will  hear  distinctly  what  the 
other  said  ;  and  moving  the  jaws  and  eyes  of  the  statue  by  the 
wires,  will  -return  an  answer  directly,  which  will,  in  like  man- 
ner, be  directly  heard  by  the  first  speaker. 

3.  T/ie  Communicatire  Busts,  fig.  15,  two  plaster-of-paris figures, 
placed  on  pedestals,  on  the  opposite  sides  of  a  room,  form  an 
elegant  and  amusing  illusion.  A  tube,  one  inch  diameter, 
passes  from  one  head  to  the  other,  through  the  pedestals, 
under  the  floor,  and  the  whole  is  so  disposed  that  no  appear- 
ance of  communication  is  visible.  But  when  a  stranger 
speaks  (|uite  low  into  the  ear  of  one  bust,  the  words  are  rever- 
berated through  the  tube, 
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and  are  very  distinctly  heard  issuing  from  the  mouth  of  the 
olher  bust.  Two  tubes,  one  from  the  ear  to  the  mouth  of  each 
head,  afl'ord  the  enjoyment  of  mutual  converse  to  two  persons, 
while  others,  standing  in  the  middle  of  the  room,  shall  not  hear 
what  is  spoken. — The  telegraphs  in  the  wails  built  by  the 
Romans,  were  flues,  by  means  of  which  orders  were  given  from 
one  station  to  another,  on  the  foregoing  principle. 

4.  T/ie  Oracular  Heud,  upon  the  principle  just  laid  down,  may 
have  also  a  series  of  wires  to  move  the  eyes,  lips,  &c.  and  give 
the  image  all  the  appearance  of  animation  while  it  discourses. 
Such  machines  are  exhibited  at  fairs,  and  sometimes  in  London. 

5.  The  Sidar  Sonata,  composed  of  dials,  spring  clocks,  and 
glass  tubes,  is  as  complex  a  piece  of  mechariisni  as  an  organ, 
and  of  no  other  ulility  than  to  shew,  that  the  rays  of  the  sun, 
rectifying  spirits  in  a  glass  tube,  can  let  off  a  trigger,  and  so 
set  a  uuisical  clock  to  play. 

6.  7/ie  Autnmuton  Harpsichord,  is  a  common  harpsichord, 
put  in  motion  by  means  of  a  smoke-jack ;  the  wires  which 
communicate  with  the  keys  of  the  instrument,  being  concealed 
from  the  public.  This  machinery  may  be  applied  to  any  other 
keyed  instrument,  rts  well  as  to  chimes,  and  to  many  other 
purposes  where  a  regular  continued  motion  is  reciuired.     \n 


instrument  of  this  sort  may  be  considered  as  a  perpetual  motion, 
according  to  the  vulgar  acceptation  of  the  term,  for  it  will 
never  cease  going  till  the  fire  be  extinguished,  or  some  parts  of 
the  machinery  be  worn  out. 

7.  The  Ventosal  Symphony,  fig.  16,  may  be  erected  at  the  top 
of  a  summer-house,  or  other  building:  let  there  be  fixed  a 
vane  A  B,  on  which  is  the  pinion  C,  that  takes  the  toothed- 
wheel  D,  fixed  on  the  axis  E  F,  which  at  its  other  end  carries 
the  wheel  G,  that  takes  the  pinion  H.  All  these  wheels  and 
pinions  arc  to  be  between  the  roof  and  ceiling  of  the  building. 
The  pinion  H  is  fixed  to  the  perpendicular  axis  I K,  which 
goes  down  very  near  the  wall  of  the  room,  and  may  be  covered 
after  the  same  manner  as  bell  wires.  At  the  lower  end  of  the 
axis  I  K,  there  is  a  small  pinion  L,  that  takes  the  wheel  M,  fixed 
on  the  axis  of  the  great  wheel  N  O.  In  this  wheel  there 
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must  be  placed  a  great  number  of  stops,  corresponding  to  the 
tunes  to  be  played,  and  these  stops  are  to  be  moveable,  that  the 
tunes  may  be  altered  at  pleasure.  Against  this  wheel  there 
must  hang  12  small  bells,  answering  to  the  notes  of  the  gamut. 
Therefore,  as  the  wheel  turns  round,  the  stops  striking  against 
the  bells,  play  the  several  tunes.  But  there  should  be  a  tly  to 
the  great  wheel,  to  regulate  or  equalize  its  motions,  when  the 
wind  is  strong.  The  wheel  N  O  may  be  enclosed  in  a  case  ; 
and  of  the  several  bells,  one  may  be  a  tenor,  another  a  treble, 
a  thfrd  bass,  in  order  to  play  different  tunes,  according  to  the 
size  of  the  wheel  :  and  the  bells  being  small,  their  chimes  will 
be  the  more  pleasing,  if  they  are  cast  of  silver  alone  :  or 
glasses  may  be  used,  and  so  disposed  as  to  move  freely  at  the 
sound  of  the  stops.  This  machinery  may  be  applied  to  a 
barrel-organ,  and  many  other  uses. 

ACRE,  the  universal  measure  of  land,  containing  4  square 
roods ;  each  rood  being  40  perches,  or  16^  feet.  In  some 
places,  the  perch  or  pole  runs  from  ICl  to  28  feet.  The  acre 
is  divided  into  10  square  chains,  of  22  yards  each,  i.  e.  4840 
square  yards.  The  acre  in  Scotland  contains  6  square  roods ; 
one  rood  contains  40  square  falls  ;  one  square  fall  ,30  square 
ells;  one  square  ell  9  feet  square,  and  73  siiuare  inches  ;  one 
square  foot  144  square  inches.  The  Scots  acre  contains  also 
10  square  chains:  the  chain  24  ells,  of  100  links,  each  8^ 
inches  ;  and  therefore  one  square  chain  contains  10,000  square 
links.  The  French  acre,  arpent,  contains  li  English  acre,  or 
54,450  square  feet. 

ACROiMION,  in  Anatomy,  the  upper  part  of  the  shoulder 
blade. 

ACRONICAL,  in  Astronomy,  the  rising  or  setting  of  a  star 
when  the  sun  is  setting. 

ACROSPIRED,  in  malt-making,  is  the  grains  shooting  both 
at  the  root  and  blade  end. 

ACROSTERIA,  in  Architecture,  small  pedestals  usually 
without  bases,  serving  to  support  statues.  Also  the  sharp 
|)innaclcs  placed  in  ranges  about  flat  buildings,  with  rails  and 
balusters. 

ACROSTICHUM,  in  Botany,  a  genus  of  plants,  in  the 
class  Cryptogamia,  order  Pilices. 

A(;T  or  Pakliamrnt.  A  law  passed  by  the  two  houses  of 
parliament,  and  sanctioned  by  the  royal  signature. 

ACTS  OF  TliF.  Apostli'.s,  one  of  the  sacred  books  of  the  New 
Testament,   written  by  St.  Luke,   about  the   G4lh  year   of  the 
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Christian  era.  Among  the  spurious  Acts  of  the  Apostles,  we 
may  reckon,  1.  The  Acts  of  Abdias,  bishop  of  Babylon  ;  2,  the 
Acts  of  St.  Peter;  3,  the  Acts  of  St.  Paul ;  4,  of  St.  John  ;  5,  of 
St.  Andrew ;  6,  of  St.  Thomas  ;  7,  of  St.  Philip  ;  and,  8,  of  St. 
Matthias. 

ACTjEA,  a  plant  producing  bane-berries,  whose  juice  gives 
a  fine  deep  black,  if  fixed  with  alum. 

ACTION,  in  Painting  and  Sculpture,  is  the  attitude  or  posi- 
tion of  the  several  parts  of  the  face,  body,  and  limbs,  to  shew 
that  the  subjects  are  really  actuated  by  the  passions. 

ACULER,  in  the  Manege,  the  motion  of  a  horse,  when,  in 
working  upon  volts,  he  goes  not  forward  enough  at  each  move- 
ment, so  that  his  shoulders  are  not  advanced  enough,  and  his 
croup  comes  too  near  the  centre  of  the  volt. 

ACUTE  Angle,  an  angle  less  than  a  right  angle.  Acttte- 
angled,  4,  a  triangle  having  all  its  angles  acute.  Acute-anyled 
cone,  a  right  cone  whose  axis  makes  a  right  angle  with  its 
side.  Acute  tone,  in  Music,  a  tone  high  or  sharp  in  comparison 
of  some  other  tone.  Acute,  in  diseases,  such  as  come  rapidly 
to  a  crisis. 

AD  VALOREM,  in  Commerce,  according  to  value. 

ADAGIO,  in  Music,  softly,  leisurely. 

ADAMI  PoMifti,  a  protuberance  in  the  forepart  of  the 
throat,  formed  by  the  os  kycides,  and  vulgarly  attributed  to  a 
piece  of  the  forbidden  apple  that  stuck  in  our  great  progeni- 
tor's throat. 

ADANSONIA,  a  plant,  the  Ethiopian  sour-gourd. 

ADATAIS,  a  very  fine  muslin  of  India. 

ADDEPHAGIA,  the  disease  of  gluttony. 

ADDER,  the  viper.  Adder-stung ;  for  the  cure  of  such 
bites,  some  use  ointment  made  of  dragon's  blood,  with  a  little 
barley  meal  and  the  whites  of  eggs.  Adder  wort,  the  same  as 
snakeweed.' 

ADDITION,  the  joining  or  uniting  of  two  or  more  things 
together  ;  or  the  finding  of  one  quantity  equal  to  the  sum  of 
any  number  of  other  things  taken  together. 

Addition,  in  Arithmetic,  is  the  first  of  the  four  fundamental 
rules  of  that  science;  and  consists  in  finding  a  number  equal 
to  Several  others  taken  together ;  which  number  is  generally 
called  the  sum.  Addition  is  either  simple  or  compound  ;  the 
first  relates  to  quantities  which  are  all  of  the  same  kind  or 
denomination;  and  the  latter,  to  quantities  of  dilierent  deno- 
minations. 

Simple  Addition,  is  the  method  of  collecting  several  num- 
bers of  the  same  denomination  into  one  sum. — Rule  1.  Place 
the  numbers  under  each  other,  so  that  units  may  stand  under 
units,  tens  under  tens,  and  hundreds  under  hundreds,  and  so 
on ;  drawing  a  line  below  them. 
2.  Add  up  the  figures  in  the  row  of 
units,  and  find  how  many  tens  are 
contained  in  their  sum.  3.  Set  down 
what  remains  above  the  tens,  or,  if 
nothing  remains,  a  cipher;  and  carry 
as  many  units  as  there  are  tens,  to 
the  next  row.  4.  Add  up  the  second 
row,  together  with  the  number  car- 
ried, in  the  same  manner  as  the  first; 
and  proceed  thus  till  the  whole  is 
finished. 

Proof  of  Addition.  Cast  up  the  several  lines  a  second 
time,  omitting  one  of  them  ;  and,  finally,  add  the  line  thus 
omitted  to  the  sum  of  the  other  quantities  ;  and  if  in  this  man- 
ner the  same  result  is  obtained  as  in  the  first  operation,  it  is 
highly  probable  that  the  work  is  right.  Other  methods  of  proof 
may  be  seen  in  most  authors  on  tliis  subject. 

Compound  Addition,  is  the  method  of  collecting  several 
quantities  of  difi'erent  denominations  into  one  sum.— Rule  1. 
Place  the  quantities  so  that  those  of  the  same  denominations 
stand  directly  under  each  other ;  and  draw  a  line  below  them. 
2.  Add  up  the  figures  in  the  lowest  denomination,  and  find  how 
many  units  of  the  next  higher  denomination  are  contained  in 
their  sum.  3.  Write  down  the  remainder,  and  carry  these 
units  to  the  next  higher  denomination ;  which  add  up  in  the 
same  manner  as  before :  and  thus  proceed  through  all  the  dif- 
ferent denominations  to  the  highest ;  and  this  sum,  together 
with  the  several  remainders,  will  give  the  answer  required. 


Ex.  1. 


Ex.  2. 


7468 

2468 

3417 

1357 

5432 

9135 

6847 

2468 

4132 

7523 

1489 

Sums 

6814 

28786 

29765 
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Example  1.     84 

13 

4 

Example  2. 

17 

1 

11 

64 

9 

Hi 

16 

2 

9i 

36 

14 

i)i 

13 

1 

74 

17 

13 

n 

14 

0 

6J 

19 

13 

6i 

20 

0 

0 

25 

10 

6 

18 

2 

9 

59 

15 

S 

16 

1 

7 

42 

12 

-  9 

Sums 

19 

0 

6 

351 

6 

2 

136 

2 

7i 

11 


The  method  of  proof  is  the  same  as  in  the  former  rule. 
AoDiTiON  of  Fractions,  is  the  adding  into  one  sum  several 
fractions  of  the  same,  or  of  different  denominations. — Rule  1. 
If  the  fractions  are  of  dilierent  denominations,  they  must  be 
first  reduced  to  the  same  denomination.  2.  Reduce  all  mixed 
numbers  to  improper  fractions  ;  and  all  fractions,  having  dif- 
ferent denominators,  to  the  same  denominator.  3.  Add  all  the 
numerators  into  one  sum  ;  which,  placed  over  the  common 
denominator,  will  be  the  answer  required. 

Examples. — 1.  Add  together  the  fraction  I,  \.  and  f 

„.     ,     ,        35    ,       14    ,       10      ,,  3.5    ,     U        10         59 

First,  h'=.  — ;t= — ;J^z — :    then, :=  — . 

'  °       70   ^       70   '      70  '  70  ^  70  '     70         70 

2.  Required  the  sum  of  §  of  a  shilling,  J  of  a  guinea,  and  I 
of  a  pound. 

J  of  a  guinea  =:  —  of  a  shilling,  J  of  a  pound  iz  —  of  a  shilling. 
4  ^ 


Therefore,  §  -^  — 

'  ^    ■     4 


ii:^^^-^l«l.^^=i^=33..IW. 
2         "  12  12  12 


=  £1.  \Zs.  i\d. — For  the  method  of  reducing  the  fractions,  see 
Reduction. 

Addition  of  Decimals,  is  finding  the  sum  of  several  quan- 
tities, consisting  partly  of  integers  and  partly  of  decimals,  or 
of  decimals  only. — RuleX.  Arrange  all  the  quantities,  so  that 
the  several  decimal  points   may  fall     t,  >    ,  p     o 

in  a  lino    directly  under  each  other.  Tl^^  .jifg 

2.     Add    up  the   several  lines  as  in  lo-ua  '1S44 

simple  addition,  and  place  the  deci-        1^7. iq  "-j^ 

mal  point  in  the  result  exactly  under  ' , 

those  in  the  numbers  proposed,  and       J^'ty  IL^ys 

it  will  be  the  sum  required.  363-943  Sums.  1-1428 

Addition  of  Circulating  Decimals,  is  the  finding  the  sum  of 
any  number  of  circulating  decimals. — Rule  1.  Reduce  all  the 
decimals  to  their  equivalent  fractions  ;  and  the  sum  of  these 
will  be  the  fractions  required. — Rule  2.  Carry  on  the  repe- 
tends  till  they  become  conterminous ;  that  is,  till  they  all  begin 
their  periods  of  circulation  in  the  same  line,  and  let  also  the 
circulation  of  each  be  carried  two  figures  beyond  this  place  : 
then  add  as  above,  but  do  not  set  any  figure  down  in  the  first 
two  places  :  carry  their  proper  number,  however,  to  the  conter- 
minous period,  and  the  result  will  give  the  true  period  of  cir- 
culation in  the  sum  required. 

Example.     Add  36;  78-3476;  4284;  15-3  together. 


3-6        =    3-6666666 
78-3476  =  78-3476476 

42-84      =  42-8484848 


66 
47 

48 


15-5        =z  15-5000000    00 
The  Sum 140-3627991 


Addition,  in  Algebra,  is  finding  the  sum  of  several  alge- 
braic quantities,  and  connecting  those  quantities  by  their 
proper  signs. 

Case  1. — When  the  quanti-  j-,          , 

ties  have  like  signs,  add  all  „             ±.xample.  ^ 

the  eo-eflicients,  and  annex  ^^           oTq'^"^!! 

the  common  letter   or  let-  **"            ~  a  +     j    x   —     Jb 
ters,   and   prefix    the  com- 
mon sign. 


10  a 
18  a 


12  a   -I-    17    a;    —    186 
a  +  X    —       6 


42  a  18  a  +   23    a:    —   274 
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2. 

-Sx  + 

4 

—  7  nb  +  She —    x)/ 

+     .r  — 

5 

—    ah  +  2hc  +  4x!/ 

—  6x  + 

1 

Sab—     be +  -2x1/ 

+  2.r  - 

4 

—  •2  (lb +4  be  — 3x1/ 

—  4x  + 

13 

bab  —  8  Je  +    x)j 

—  ar  +     .9  i  — 2o4     *      +  3,17/ 


Case  2. — When  the  quantities  are    alike,   but   have  unlike 
sigus,   collect  the   positive  j-,         , 

co-eUicieuts  into  one  sum,  t.xamptes. 

and  the  negative  ones  into 
another.     From  the  greater 
of  these  sums  subtract  the 
less,  and  to  the  remainder 
prefix  the  sign  of  the  great- 
er, and  anne.\  the  common 
letters.      If  the    aggregate 
of  the    positive    terms    be     ______^__^___^_^.^_^^^__ 

equal  to  that  of  the  nega- 
tive ones,  their   sums   will  be  n  0. 

The  manner  in  which  we  generally  calculate  a  person's  pro- 
perty, is  an  apt  illustration  of  this  rule.  We  denote  what  a 
man  really  possesses  by  positive  numbers,  using  the  sign  -\-  ; 
whereas  his  debts  are  represented  by  negative  numbers,  or  the 
sign — ,  allecting  those  numbers.  When  it  is  said  of  any  one 
that  he  has  100  crowns,  but  owes  50,  bis  real  possession 
amounts  to  100  —  50,  or,  which  is  the  same  thing  -f  100 — .50, 
that  is  to  say,  50.  And  if  he  has  in  possession  20  crowns,  but 
owes  20,  his  real  possession  amounts  to  20  —  20,  or  +  20 —  20 
=;  0.  He  has  nothing ;  but  owes  notliing.  But,  on  the  other 
hand,  if  he  owes  70  crowns,  and  has  in  his  possession  only  40, 
his  real  property  would  be  expressed  thus  —  70  -f  40.  Here 
his  debt  is  represented  by  the  negative  number  —  70,  while  his 
real  possession  is  represented  by  the  positive  number  -f  40. 
He  has  30  crowns  less  than  nothing;  and  we  might  express 
the  state  of  his  finances  —  30 ;  for  if  any  one  were  to  make  hini 
a  present  of  30  crowns  to  pay  this  debt,  or  —  ,30,  be  would 
only  be  at  the  point  nothing  (0),  though  really  richer  than 
when  —  30  stood  against  his  future  prospects  and  exertions. 
Debts,  or  money  owing,  are  therefore  as  much  real  sums  of 
money  as  credits,  and  the  sign  +,  or  — ,  governs  the  quantity 
or  number  that  follows  it.— In  the  language  of  Algebra,  a  and 
h  may  stand  for  any  two  numbers  whatever,  and  therefore, 
fl  -|-  i  stands  for  a  made  more  by  b.  Again,  a —  b  stands  for  a 
made  less  by  b  ;  that  is,  for  the  diflerenoe  of  a  and  b,  (where 
b  is  supposed  less  than  a.)  Now,  by  the  rule  of  Case  2, 
a  +  J  and  a—  b,  added  together,  make  twice  o  (2«) ;  therefore 
we  derive  this  Theorem  :  If  the  sum  and  difl'erence  of  any  two 
numbers  be  added  together,  the  whole  will  be  twice  the  greater 
number  ;  for  if  a  -f  i  be  added  to  n —  6,  the  sum  is  2a. 

Addition  of  Algebraic  Fractions,  is  finding  the  sum  of  any 
number  of  fractions  expressed  by  means  of  intermediate  let- 
lers. — Rule.  Reduce  all  the  given  fractions  to  a  common 
denominator,  and  then  add  the  numerators  together  for  the 
sum  required. 

Example  1.      Add  together    5^  4-  i^' -f  _^ 

64'        4o         12  6' 

_5«_  _  lOfli.  3n' _  9a'i=.    5o    _    5c 

64' ~  127? 

lOffi        On' 4' 

124'  124'        124^  ~  124' 

_  7    ,      „,,  1  „    ,    7r     ,    4x        21  .r    ,    44.r 65.r 

Example  2.     Thus  also  we  nnd, +  —  n:  -\ ^ 

'  Wij       Sy        3.iy       Xiy       3,iij 

Example  3.    And,  —  '  ,     '  +  ; — =-'  =  — L ^  X 

'  3a4  abc  3abc 

15.r— 9;/  _  7cx-\-  15a.- -f  4f?/— 9y  _  (7c  -j- 15).t -|-(4c  —  0)y 

3n4c  3a4c  3«4f 

Addition  of  Surds,  is  the  finding  the  sum  of  any  number  of 
surd  expressions,  which  are  inexpressible  in  rational  numbers. 
— Rule.  Reduce  all  the  given  quantities  to  their  simple  form; 
then  add  the  co-efficients  of  tlie  equal  radicals  for  the  sum 
required.     Tlius, 

^/    8+V18=2v'2-1-3s/2=5^/2 

V12-t-  i^27  —  2^'3+3s/3—(,sJ3 

.yl08a'-f  ^'.32a=3«,^4rt-)-2^4rt=(3«  x  2)  4/ 4a. 

liote.  When  the  quantities  are  reduced  to  their  lowest 
terms,  or  simplest  form,  and  have  ditrercnt  radicals,  they  can 
only  be  added  together  l>y  means  of  the  sign  -f  placed  between 
them.     Thus,  v*  '«  +  V  108  =  V  '-  +  *J  \/  3>  cannot  be  re- 


46 

5  c 


■"   126'     124'       124' 
_  10ff4  -f  9«2  4'  +  5c 


duced  to  a  simpler  form  than  that  above ;  and  the  same  with 
various  others. 

ADDITIONS,  in  Heraldry,  arc  things  added  to  arms  as 
marks  of  honour;  as  bordure,  quarter,  canton,  gyron,  pile,  &c. 

ADENANTHERA,  in  Botany,  bastard  llower-fence. 

ADHESION,  in  Mechanical  philosophy,  the  same  with 
cohesion,  denotes  that  attraction  which  takes  place  between 
bodies,  only  when  they  are  at  very  small  distances  from  each 
other.     See  Cohesion. 

ADIT,  a  passage,  or  entrance.  The  adits  of  mines  are  those 
holes  or  apertures  by  which  they  are  entered,  or  by  which 
the  ores  and  waters  are  carried  away:  and  the  arfi«  is  some- 
times merely  an  air-shaft. 

ADJUDICATION,  in  Scots  law,  the  name  of  the  action  by 
which  a  creditor  attaches  the  heritable  estate  of  his  debtor. 

ADMINISTRATOR,  he  to  whom  the  ordinary  commits  the 
administration  of  the  goods  of  a  person  deceased,  in  default  of 
an  executor. 

ADMIRAL,  a  great  officer  of  the  navy ;  the  commander-in- 
chief  of  a  fleet. 

ADORATION,  the  act  of  performing  the  religious  worship  of 
the  Almighty. 

ADVANCED  Ditch,  in  Fortilication,  that  trench  which 
surrounds  the  glacis  or  esplanade  of  a  place.  Advanced  guard, 
the  first  line  of  an  army;  usually  a  party  of  horse  stationed 
before  the  main  guard. 

ADYTUM,  the  most  secret  part  of  a  heathen  temple. 

jEGILOPS,  the  name  of  a  tumor  that  sometimes  gathers  in 
the  great  angle  of  the  eye,  either  with  or  without  inflammation. 
The  method  of  cure  is  the  same  as  that  of  the  ophthalmia  ;  but 
before  it  has  reached  the  lachrymal  passages,  it  is  managed 
like  other  ulcers.  If  the  Eegilops  be  neglected,  it  bursts,  and 
degenerates  into  a  fistula,  which  eats  into  the  bone. 

jEGIPHILA,  in  Botany,  goat's  friend. 

j4iG0P0DIlJM,  small  wild  angelica,  goat  wort,  or  goat's 
foot. 

jEOLUS,  in  Mechanics,  a  small  portable  machine,  for 
refreshing  and  changing  the  air  in  rooms,  adapted  in  its  dimen- 
sions to  supply  the  place  of  a  square  of  glass  in  a  sash  window ; 
and  executed  in  so  small  a  compass,  as  to  project  but  a  little 
way  from  the  sash  ;  and  in  so  neat  a  manner,  as  to  be  an  ele- 
gant ornament  to  the  place  where  it  is  fixed.  It  works  with- 
out the  least  noise,  requires  no  attendance,  and  occasions 
neither  trouble  nor  expense  to  keep  it  in  order.  It  throws  in 
only  such  a  quantity  of  air  as  is  agreeable;  and  leaves  off 
working  of  itself  whenever  the  door  or  window  is  opened. 

jERA,  in  Chronology,  or  Epocha,  is  a  certain  fixed  point  of 
time,  made  famous  by  some  remarkable  event,  from  which,  as 
from  a  root,  the  ensuing  years  are  numbered  or  computed. 

1.  The  ^Vrt  of  the  Creation,  according  to  the  Jewish  calcula- 
tion, is  the  year  of  the  Julian  period  953,  answering  to  the 
year  3701  before  Christ,  and  commencing  on  the  7th  of  Octo- 
ber. Archbishop  Usher  fixed  the  creation  of  the  world  4004 
years  before  the  birth  of  Christ. 

2.  The  jEra  of  the  Ohimpiuds.  This  method  of  computation 
had  its  name  from  the  Olympic  games,  which  were  celebrated 
every  4th  year,  near  the  city  of  Olympia,  in  Peloponnesus.  The 
first  Olynqiiad  commenced,  according  to  some  chronologers,  in 
the  year  3938  of  the  Julian  period  ;  the  year  from  the  creation 
3174,  the  year  before  Christ  774,  and  24  years,  (as  some  will 
have  it  23  3  ears,)  before  the  building  of  Rome.  The  Olympiads 
were  also  called  Anni  Iphili,  from  fphitus,  who  instituted,  or  at 
least  renewed,  the  solemnity  of  the  Olympic  games.  We  do 
not  find  any  computation  by  Olympiads  after  the  364th,  which 
ended  with  tlie  year  of  Christ  440,  except  that,  in  a  charter  of 
our  king  Klhelbert,  the  years  of  his  reign  are  said  to  be 
reckoned  by  Olynqiiads.  This  method  of  reckoning  was  fol- 
lowed by  the  ancient  Greeks. 

3.  The  /Era  of  the  liuildinq  of  Rome  ;  which  took  place  A.M. 
(i.  e.  in  the  year  of  the  world)  3197,  and  B.  C.  (before  Christ, 
752  or  753.  This  has  also  been  called  the  Varronian  epocha, 
being  first  inlroduced  by  Terentius  Varro.  The  ancient  Roman 
historians  usually  follow  this  epoch,  which  is  referred  to  thus, 
A.  U.  C.  (thntis,  Anno  Urbis  Conditee,  or  the  Year  of  Building 
the  City.) 

4.  The  /Era  of  Seleucus  was  followed  by  the  Syro-Mace- 
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donians ;  Seleacus  the  Great  having  disused  the  aera  of  the 
Olympiads,  and  reckoned  from  the  beginning  of  his  own  reign, 
which  was  twelve  years  after  the  death  of  Alexander.  The  aera 
of  Seleucus  commences  with  the  retaking  of  Babylon  by 
Seleucus  in  the  year  of  the  world  3692,  and  before  Christ  312. 

5.  Tlie  ^ra  of  Diudesian  was  introduced  in  honour  of  the 
emperor  of  that  name;  it  has  also  been  called  the  JEra  of  the 
Martyrs,  from  the  vast  number  of  Christians  who  were  put  to 
death  during  the  Dioclesian  persecution.  This  a^ra  commenced 
in  the  year  of  Christ  284,  and  was  long  followed  in  the  west. 

6.  The  Vahjur  or  Christian  JEra,  (or  of  A.  D.)  This  was  not 
fully  settled  till  the  year  527 ;  when  Dionysius  Exiguus,  a 
Roman  abbot,  fixed  it  to  the  4713th  year  of  the  Julian  period, 
which  was/o«r  years  too  late.  It  is,  however,  now  so  gene- 
rally received,  that  this  gross  error  in  calculation  is  disregarded. 

7.  The  Heyira,  or  Turkish  JEra,  took  its  rise  from  tlie  false 
prophet  Mohammed's  flight  from  Mecca  to  Medina,  on 
Friday,  July  16,  A.D.  G22.  It  is  a  lunar  year,  beginning  with 
the  new  moon  of  that  time,  which  is  the  reason  of  the  re- 
gard for  crescents  in  the  East,  where  they  rise  on  every 
mosque.  In  order  to  know  in  what  year  of  the  vulgar  aera 
any  given  year  of  the  Hegira  falls,  the  student  should  reduce 
the  lunar  years  into  solar  years,  and  add  the  number 
622.  Thus,  the  year  1221  of  the  Hegira  corresponds  with  the 
year  1806  of  the  vulgar  jera;  it  commenced  on  the  21st  day 
of  March,  1S06,  and  terminated  on  the  11th  of  March,  1807. 

8.  The  JEra  of  the  French  Revolution. — As  this  aera  is  con- 
stantly referred  to,  by  French  writers,  during  the  period  that 
France  was  under  republican  government,  a  few  particulars 
concerning  it  may  assist  the  reader's  historical  studies.  The 
aera  in  question  was  substituted  for  the  vulgar  or  Christian 
aera,  in  all  public  and  civil  instruments,  by  virtue  of  the  decree, 
issued  by  the  National  Convention,  on  the  5th  October,  1793. 
It  commenced  with  the  epocha  of  the  foundation  of  the  repub- 
lic, i.e.  on  the  22d  of  September,  1792,  of  the  vulgar  aera;  on 
the  morning  of  which  day  the  sun  arrived  at  the  true  autumnal 
equinox,  at  18  minutes  and  30  seconds  past  nine  o'clock. 
(Paris  time.)  In  the  new  calendar,  the  months  consisted  of 
30  days  each,  divided  into  three  decades  ;  with  five  intercalary 
days  to  complete  the  year.  The  names  of  the  months  were 
adapted  to  the  climate  of  Paris,  thus:  Vendemiaire,  or  vintage 
month  ;  Brumaire,  or  foggy  month;  Frimaire,  or  sleety  month  ; 
Kivose,  or  snowy  mouth  ;  Ptuviose,  or  rainy  month ;  Ventnse,  or 
■windy  month  ;  Germinal,  or  budding  month  ;  Floreal,  or  flowery 
month ;  Prairial,  or  meadow  month ;  Messidor,  or  harvest 
month ;  Thermidor,  or  hot  month ;  and  Fructidor,  or  fruit 
month.  This  asra  (the  experiment  of  an  infidel  philosophy) 
was  abolished  by  Buonaparte,  and  the  Christian  aera  recom- 
menced with  1806. 

AERIAL,  Perspective,  is  that  which'  represents  bodies 
diminished  and  weakened  in  proportion  to  their  distance  from 
the  eye;  but  it  relates  principally  to  the  colours  of  objects, 
which  are  less  distinct  the  greater  the  distance  at  which  they 
&re  viewed. 

AEROLITHS,  air-stones,  a  name  given  to  those  solid  semi- 
metallic  substances  which  fall  from  the  atmosphere.  The 
descent  of  such  bodies  had  been  long  reported  ;  but  the  fact 
was  not  considered  authentic  till  within  a  few  years :  it  is  now 
so  well  established,  that  there  is  no  longer  any  doubt  on  the 
subject,  several  cases  having  been  attested  by  eye-witnesses 
of  undeniable  veracity.  The  larger  stones  have  been  seen  as 
luminous  bodies,  moving  with  great  velocities,  descending  in 
oblique  directions,  and  frequently  with  a  loud  hissing  noise, 
resembling  that  of  a  mortar-shell  when  projected  from  a  piece 
of  ordnance  ;  they  are  sometimes  surrounded  with  a  flame, 
tapering  off  to  a  narrow  stream  at  the  hinder  part,  are  heard 
to  explode,  and  seen  to  fly  in  pieces.  The  velocity  with  which 
they  strike  the  earth  is  very  great,  frequently  penetrating  to  a 
considerable  depth,  and  when  taken  up,  have  been,  in  some 
cases,  found  to  be  still  hot,  and  bearing  evident  marks  of 
recent  fusion.  .Such  falls  have  happened  during  a  thunder 
storm,  or  when  the  sky  has  been  clear  and  serene ;  whence  we 
infer  that  these  phenomena  are  unconnected  with  the  state  of 
the  atmosphere.  The  most  remarkable  characteristics  of  these 
stones  is,  that  they  resemble  each  other;  yet  they  are  totally 
different  from  any  known  terrestrial  substance ;  and  present, 
2. 


in  all  cases,  the  same  appearance  of  semi-metallic  matter, 
coated  on  the  outside  with  a  thin  black  incrustation.  It  is  not, 
however,  in  appearance  only  that  their  similarity  is  discovered  ; 
they  have  been  submitted  to  chemical  analysis,  in  all  cases 
yielding  the  same  substances,  and  in  very  nearly  the  same 
proportions.  The  stone  which  fell  at  L'Aigle  in  France,  iu 
1803,  was  found  to  contain  54  parts  of  silica;  36  of  ox>de  of 
iron  ;  9  of  magnesia  ;  3  of  oxyde  of  nickel ;  2  of  sulphur  ;  1  of 
lime.  And  all  that  have  been  analyzed  have  given  nearlv  the 
same  results.  The  specific  gravity  of  these  bodies  is  also 
nearly  the  same,  exceeding  common  stone,  and  approaching 
that  of  metallic  ores,  being  about  3.400,  or  nearly  3^  times 
that  of  connnon  water.  These  general  constant  characters 
indicate  a  common  origin,  and  hypotheses  have  been  advanced 
to  account  for  these  singular  phenomena.  Some  attributa 
them  to  terrestrial,  and  others  to  lunar,  volcanoes;  they  have 
again  been  supposed  to  be  concretions  formed  in  the  regions 
of  our  atmosphere  ;  while  others  have  considered  them  as  small 
planets  circulating  about  the  sun  or  earth,  which  coming  in 
contact  with  our  atmosphere,  take  fire  from  the  resistance  and 
friction  they  experience  in  passing  through  it. 

With  regard  to  the  first  supposition,  riz.  that  these  stones 
proceed  from  terrestrial  volcanoes,  it  will  be  suflicient  to 
observe,  that  no  remarkable  eruption  has  been  known  to  have 
happened  at  or  near  the  time  of  their  fall,  and  that  such  bodies 
have  been  found  at  the  distance  of  some  thousand  miles  from 
any  known  volcano ;  besides,  the  immense  force  that  would  be 
necessary  to  project  bodies,  some  of  them  of  many  hundred 
weight,  to  so  great  a  distance,  far  exceeds  any  force  that  we 
can  conceive  to  arise  from  volcanic  eruptions. — -As  to  the 
theory,  that  they  proceed  from  volcanoes  in  the  moon,  it  has  a 
greater  degree  of  probability.  The  same  force  that  would  pro- 
ject a  body  from  the  moon  to  the  earth,  would  not,  if  it  were 
exerted  at  the  earth's  surface,  send  the  same  body  to  the  dis- 
tance often  miles  ;  in  consequence  of  the  superior  gravity  of 
our  planet,  and  the  density  of  the  atmosphere.  It  is  computed, 
that  a  body  projected  from  a  favourable  spot  on  the  moon's 
surface,  say  the  centre  other  disc  opposite  the  earth,  with  a 
velocity  about  four  times  that  commonly  given  to  a  cannon 
ball,  or,  8220  feet  per  second,  would  carry  it  beyond  the  centre 
of  attraction,  and  consequently  into  the  sphere  of  the  earth's 
activity  ;  whence  it  must  necessarily  either  fall  to  the  surface 
of  the  earth,  or  circulate  about  us  as  a  satellite.  The  time  a 
body,  so  projected,  in  its  passage  from  the  moon  to  the  earth, 
would  take  three  days;  which  is  not  so  long  but  that  it  might 
retain  its  heat,  particularly  as  it  is  doubtful  w  heihcr  in  passing 
through  a  vacuum,  or  very  attenuated  medium,  it  would  be 
possible  for  the  caloric  to  escape,  not  to  say  that  it  might 
acquire  a  fresh  accumulation  of  heat,  by  passing  through  the 
denser  parts  of  our  atmosphere.  Besides,  eruptions,  resem- 
bling those  of  our  volcanoes,  have  been  frequently  observed  in 
the  moon,  and  her  atmosphere  is  extremely  rare,  presenting 
but  little  resistance  to  projected  bodies:  it  will  then  be  seen 
that  this  hypothesis,  though  apparently  extravagant,  is  much 
more  probable  than  the  one  we  before  examined. — With  regard 
to  the  theory  of  these  bodies  being  concretions  formed  in  the 
air,  there  is  one  principal  objection,  viz.  that  the  velocity  with 
which  they  strike  the  earth,  estimated  by  the  depth  to  which 
they  have  been  known  to  penetrate,  is  so  great  as  to  indicate 
their  having  fallen  from  heights  far  exceeding  the  limits  of  the 
terrestrial  atmosphere. — It  only  remains  to  notice  the  supposi- 
tion of  their  being  little  planets,  w  hich  in  the  course  of  their 
revolutions  get  entangled  in  our  atmosphere,  and  by  the  resist- 
ance they  experience,  have  their  projectile  velocity  destroyed, 
which  brings  them  to  the  earth.  On  this  hypothesis  it  is  difli- 
cult  to  account  for  the  strong  appearance  of  recent  fusion  that 
these  bodies  possess,  which  can  hardly  be  attributed  to  the 
friction  experienced  in  passing  through  the  medium  of  our  air. 
Besides,  it  would  exliibit  the  lirst  mark,  uliich  any  where 
appears,  of  want  of  order,  uniformity,  and  durability,  in  the 
works  of  the  Deity:  to  have  this  grand  mncliiMc  thus  falling 
to  pieces  and  to  decay,  from  the  mere  operation  of  external 
causes,  but  ill  accords  with  that  wisdom,  power,  and  omni- 
science, which  are  so  strongly  indicated  in  all  the  works  of  the 
creation.  The  dilliculties,  however,  are  fairly  stated,  and  the 
reader  of  course  will  draw  his  own  conclusions. 
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The  following  is  an  Abstract  of  a  Table,  draun  up  b>/  M.  Iz\rn,  a  PhilosopJier,  who  has  pnid  yreat  attention  to  this  siibjeel ;  it 
exhibits  a  collection  of  the  best  authenticated  modern  instances  of  these  phenomena. 


SUBSTANCES. 


PLACES  WHERE  THEY  FELL. 


PERIOD  OF  THEIR  FALL. 


TESTIMONY. 


.at  Rome Tullius  Hostilius Livy. 

.at  Rome Cons.  C.  Mar.  and  ]\I.  Torq..  .J.  Obscquens. 

.  in  Liicania Age  of  Crassus Pliny. 

.  iti  Italy unknown Dion. 

.near  the  river  Negos, Thrace,  .second  year  78  Olympiad. . .  .Pliny. 


Shower  of  stones 

Shower  of  stones 

Shower  of  iron 

Shower  of  mercury 

A  very  large  stone 

Three  large  stones    in  Thrace before  Christ  45-2 Ch.  of  Count  Marcellin. 

Large  stone  of  2601b Ensislieim,  Upper  Rhine  . .  .  .November  7,  1492 Butcnschoen. 

Mass  of  iron,  14  quint Abakiui.k,  Siberia very  old PaJlas,  Chladni,  &c. 

About  1-200  .stones;   one  of  1201b,  >  .  padua,  in  Italy in  1510 Cardan,  Vascit. 

another  of  601b S 

Stone  of  691b On  Mount  Vaiser  Province.  .November  27,  1627 Gasseudi. 

Two  large  stones Ireland in  1695 Musschenbroeck. 

Stone  of  721b Macedonia January,  1706 Paul  Lucas. 

Shower  of  sand  for  15  hours in  the  Atlantic April  6,  1709 Pere  la  Fe«ill^e. 

Shower  of  stones Barboutan,  near  Roquefort.  .July,  1738 Darcet.  jun.  Lomet,  &c. 

Shower  of  stones at  Plann,  Bohemia July  3,  1753 B.  de  Born. 

A  stony  mass Niort,  iu  Normandy in  1750 De  Lalande. 

Two  stones  of  200  and  3001b near  Verona in  1762 Acad,  de  Bourd. 

A  stone  of  7^11). at  Luce,  in  Le  Maine September  13,  1768 Bachelay . 

A  stone at  Aix,  iu  Artois in  1768 Gurson  de  Boyaval. 

A  stone in  La  Contenfin in  1768 Morand. 

Great  shower  of  stones Environs  of  Agen July  24,  1790 St.  Amand,  Baudin,  &c. 

Twelve  stones Sienna,  Tuscany July,  1794 Earl  of  Bristol. 

A  stone  of  56lb Wold  Cottage,  Yorks December  13,  1795 Captain  Topham. 

A  stone  of  101b in  Portugal February  19,  1796 Southey. 

.     ,  r^,Mi  S  .  Sale,   Department  of  the  )    .■., ,   ,_   ,^na  t\    t\  ■ 

A  stone  of  201b ;  •       Rhone  \    'March  17,  1798 De  Dree. 

Shower  of  stones Benares,  East  Indies December  19,  1798 Lloyd  Williams,  Esq. 

A  stone  of  201b Sales,  near  Villa  Franche March  12,  1798 Ze  Dr^e. 

Ma.ss  of  iron,  70  cab.  ft America April  5,   1800 Philosophical  Magazine. 

Several  stones,  from  10  to  171b near  I'Aigle,  Normandy April  26,  1803 Fjurcroy. 


AEROGRAPIIY,  a  description  of  the  air,  or  atmosphere,  as 
to  its  limits,  dimensions,  properties,  &c. 

AEROMETRY,  the  science  of  measuring  the  air,  its  powers, 
and  properties  ;  including  the  laws  of  motion,  gravitation, 
pressure,  elasticity,  refraction,  condensation,  &c.  of  the  atmo- 
spheric fluid.     See  Pneumatics. 

AERONAUT,  a  person  who  floats  aloft  in  the  air  iu  a 
balloon. 

AEROSTATION,  the  art  of  navigating  the  air,  both  in  its 
principles  and  practice,  in  aerostatic  machines,  or  air  balloons. — 
No  discovery  was  ever  made,  which  drew  after  it  more  general 
admiration,  or  excited  more  extravagant  hopes,  than  the  art 
of  aerostation  ;  yet,  after  the  lapse  of  40  years,  slender  indeed 
have  been  the  additions  made  to  science  by  its  discoveries, 
while  humanity  has  had  to  mourn  over  the  loss  of  several  indi- 
viduals of  spirit  and  enterprise. 

The  Principles  of  Aerostation  are  simply  these: — 1.  Any 
body  which  is  specifically  lighter  than  the  air,  bulk  for  bulk, 
will  be  buoyed  up  by  it.  and  as<xnd,  till  it  enters  a  stratum  of 
the  atmosphere  in  which  the  weights  are  equal,  and  then  it  will 
remain  stationary,  or  float  horizontally,  or  descend.  An  air 
balloon,  then,  is  a  machine,  the  whole  mass  of  which  is  of  less 
specific  gravity  than  the  air  in  which  it  rises.  2.  Heat  rarefies, 
expands,  and  lessens  the  specific  gravity  of  air.  till  its  weight  is 
proportional  to  the  heat;  and  4.3.5  degrees  of  heat  will  just 
double  the  bulk  of  a  volume  of  air.  If,  therefore,  the  air 
enclosed  in  any  kind  of  covering  be  heated,  and  consequently 
dilated,  to  such  a  degree  as  that  the  excess  of  the  weight  of  an 
equal  bulk  of  common  air  above  the  weight  of  the  heated  air, 
is  greater  than  the  weight  of  the  covering  and  its  appendages, 
this  whole  mass  will  ascend  in  the  atmosphere  ;  till,  by  the 
cooling  and  condensation  of  the  included  air,  or  the  diminished 
density  of  the  surrounding  fluid,  it  becomes  of  the  same  spe- 
cific gravity  with  the  air  in  which  it  floats,  and  without  renewed 
heat  11  will  then  gradually  descend.  If,  instead  of  healing  oom- 
mon  air,  enclosed  in  any  covering,  an<l  thu.s  diminishing  its 
gravity,  the  covering  be  filled  with  an  elastic  fluid  lighter  than 
atmospheric  air,  so  that  the  excess  of  the  weight  of  an  equal 
bulk  of  the  latter,  above  that  of  the  enclosed  elastic  tluid,  be 


greater  than  the  whole  burden  of  the  machine  with  its  accom- 
paniments, the  whole  mass  will  mount  into  the  air,  as  in  the 
former  ease,  and  continue  to  rise  in  it  till  it  attains  an  alti- 
tude at  wliich  the  surrounding  air  is  of  the  same  specific  gravity 
with  itself. 

In/himninble  Air,  for  balloons,  is  obtained  by  applying  acids 
to  metals  ;  or  subjecting  animal,  vegetable,  and  mineral  sub- 
stances in  a  close  vessel,  to  a  strong  heat;  or  by  transmitting 
the  vapour  of  certain  fluids  through  red-hot  tubes  ;  or,  finally, 
from  carburelted  hydrogen  gas,  which  is  nothing  more  than 
the  smoke  of  coal  purified.  In  the  first  of  these  methods,  iron, 
zinc,  and  vitriolic  acid,  are  the  materials  most  commonly  used  : 
the  vitriolic  acid  must  be  diluted  with  about  five  or  six  parts 
of  w  ater.  Iron  may  be  expected  to  yield,  in  the  common  way, 
about  1700  times  its  own  bulk  in  gas:  or  45  ounces  of  iron, 
the  like  weight  of  oil  of  vitriol,  and  22.1  ounces  of  water,  will 
produce  one  cubic  foot  of  inflammable  air:  six  ounces  of  zinc, 
and  an  equal  weight  of  oil  of  vitriol,  and  30  ounces  of  water, 
are  necessary  for  producing  the  same  quantity.  It  is  more 
proper  to  use  the  turnings  or  chippings  of  great  pieces  of  iron, 
than  the  filings  of  that  metal  ;  because  the  heat  attending  the 
elfervescence  will  lie  diminished,  and  the  diluted  acid  will 
pass  more  readily  through  the  interstices  of  the  turnings  when 
they  are  heaped  together,  than  through  the  filings,  which  stick 
closer  to  one  another.  The  weight  of  the  inflammable  gas  thus 
obtained  in  the  common  way,  by  means  of  arid  of  vitriol,  is 
generally  about  one-seventh  of  the  weight  of  common  air;  but 
with  the  necessary  precautions  for  iihilosophiral  experiments, 
it  will  be  less  than  one-tenth  of  the  weight  of  the  same  fluid. 
The  other  elastic  fluids  that  arc  generated  with  the  inflam- 
mable air,  may  be  separated  from  it  by  passing  the  inflam- 
mable air  through  water  in  which  quicklime  has  been  dis- 
solved; the  water  will  absorb  these  fluids,  cool  the  inflam- 
mable air,  and  prevent  its  over-heating  the  balloon  when  it  is 
introduced  into  it.  But,  at  a  much  cheaper  rate,  gas  for  bal- 
loons may  be  had  from  pit-coal,  asphaltum,  amber  rock  oil,  oak, 
and  other  minerals.  A  |)oiin(l  of  |iit-coal  exposed  to  a  red  heat, 
yields  3  cubic  feet  of  gas  :  or,  according  to  Glegg's  improve- 
ments, one  chaldron  of  Wallsend  coals  will  yield  25,000  cubic 
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feet  of  fas  ;  and  the  specific  gravity  of  this  gas  is  0-555,  atmo- 
spheric air  being  V  ;  though,  in  some  books,  you  are  told  pit 
coal  gas  weighs  only  i  of  common  air. 

To   Make   the  Gas  for   Balloons. — Small    balloons   may    be 
filled  with  gas,  after  passing  it  through  water.    See  the  an- 


Hydrogen  Gas. 

Fia.  17. 


nexed  apparatus,  fig.  17.  A  is 
a  bottle  that  contains  the  in- 
gredients mentioned  above.  B, 
C,  is  a  tube  which  conveys 
the  gas  through  the  water  in 
the  bottle  I).  In  the  cork  at 
E,  another  tube  allows  the  gas 
to  pass  into  the  balloon;  or 
two  small  casks  may  be  used 
in  place  of  bottles. — Another 
method  for  producing  the  hy- 
drogen gas  is  represented  in 
fig.  18.  ABC  is  a  vessel  of 
clay  or  iron,  into  which  the 
materials  yielding  the  gas  are 
introduced,  so  as  to  occupy 
4-5ths  of  its  cavity.  This  ves- 
sel is   subjected   to  the  action        

of  fire,  if  it  contain  coal ;  the  gas  passes  through  the   tube 
C  D,  and  also  through  the  water  in  the  tub  H,  into  the  inverted 

Balloon  Gas  Apparatus. 


vessel  E  F,  to  the  upper  aperture  of  which  the  balloon  G  is  tied 
to  receive  the  gas.  The  fire  should  be  at  a  considerable  dis- 
tance from  the  tub  H,  that  the  infiammable  air,  if  any  escape, 
may  not  explode  and  do  mischief. 

The  old  apparatus  for  filling  an  infiammable  air  balloon  of 
the  largest  dimensions,  is  represented  in  fig.  IS).  A,  A  are  two 
tubs,  or  gasometers,  about  three  feet  in  diameter  and  nearly 
two  feet  deep,  inverted  in  larger  tubs  :  at  the  bottom  of  each 
of  the  inverted  tubs  there  is  a  hole,  to  which  is  adapted  a  tin 
tube,  E,  about  seven  inches  in  diameter,  and  seven  or  eight 
inches  long.  To  these  tubes  the  silken  tubes  of  the  balloon 
are  tied.  Each  of  the  tubs,  B,  is  surrounded  by  several  strong 
casks,  so  regulated  in  number  and  capacity,  as  to  be  less  than 
half  full  when  the  materials  are  equally  distributed.  In  the 
top  of  each  of  these  casks  are  two  holes;  and  to  one  of  the 
holes  is  adapted  a  tin  tube,  formed  so  as  to  pass  over  the  edge 
of  the  tub  B,  and  through  the  water,  and  to  terminate  with  its 
aperture  under  the  inverted  tub  A.  The  other  hole,  which 
serves  for  supplying  the  cask  with  materials,  is  stopped  w  ith  a 
wooden  plug.  These  tin  tubes  may  be  about  three  inches  and 
a  half  diameter,  and  the  other  boles  may  be  smaller.  Two 
masts,  with  a  rope,  &c.  are  used  for  this  machine,  although 
they  are  not  absolutely  necessary;  because  the  balloon,  by 
means  of  a  narrow  scafi'old,  or  other  contrivance,  may  be 
elevated  five  or  six  feet  above  the  level  of  the  tubs  A,  A. 
When  the  balloon  is  to  be  filled,  the  net  is  put  over  it,  and 
suspended  as  exhibited  in  C  D  F  :  and  having  expelled  all  the 
common  air  from  it,  its  silk  tubes  are  fastened  round  the  tin 
tubes  E  B,  and  the  materials  in  the  casks  are  properly  propor- 
tioned, the  iron  being  first  put  in,  then  the  water,  and  lastly 
the  vitriolic  acid.  The  balloon  will  soon  be  inflated  by  the 
inflammable  air,  and  support  itself  without  the  aid  of  the  rope 
6  H.  As  tbe  filling  advances,  the  net  is  adjusted  round  it ;  the 
cords  proceeding  from  the  net  are  fastened  to  the  hoop  M  N ; 
the  boat,  IK,  is  suspcuded  from  tbe  hoop  ]\IN,  and  every 
thing  necessary  for  the  voyage  is  deposited  in  it.  When  the 
balloon  is  a  little  more  than  three-quarters  full,  the  silken 
tubes  are  separated  from  the  tin  tubes,  and  their  extremities 


being  tied,  they  are  placed  in  the  boat.     Finally,  when  the 
aeronauts  are  seated  in  the  boat,  the  lateral  ropes  are  slipped 

J-'iff.  19. 


off,  and  the  machine  ascends  in  the  air,  as  in  fig,  20.     In  ordif 
to  produce  such  a  bulk 

of  inflammable  air  as  is   w^g^  i>(9.^g-g^=s^^^^ 
necessary  for  a  balloon  <^^^I=^^^^^^^. 


of  .30  feet  in  diameter, 
whose  capacity  is  14,137 
cubic  feet,  there  will  be 
required  about  3900  lbs 
of  iron  turnings.  3900  lbs 
of  vitriolic  acid,  and 
19,.'i00  lbs  of  water,  with 
which  the  balloon  will 
not  be  above  three-quar- 
ters full.  The  usual  way 
now  of  filling  a  balloon 
with  the  carbonated,  or 
carburetted,  hydrogen 
gas,  the  same  as  the 
streets  are  lighted  with, 
is  to  introduce  it  through 
any  service  pipe  into  the 
balloon,  from  any  of  the 
station  pipes  connected 
with  the  gasometer  of 
any  of  the  great  gas 
manufactories      in     the 

neighbourhood  of  the  aeronaut's  ascent.  Of  coarse,  all  the 
apparatus  of  casks.  Sec.  is  done  away  with  :  but  some  degree 
of  caution  is  requisite  in  managing  the  machine  when  atioaf. 
and  highly  elevated  ;  for  should  the  larger  valve  in  the  top  of 
the  balloon  be  opened  by  the  aeronaut  in  place  of  tbe  snialltr 
one,  as  unfortunately  was  done  by  the  late  Air.  Harris,  too 
much  gas  may  escape,  and  the  vehicle  be  precipitated  with 
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g;reat  velocity  perpendicularly  to  the  Rround.  Mr.  Harris 
ascended  from  the  City-Road,  London,  May  25,  1824,  and  in 
the  neighbourhood  of  Croydon,  Surrey,  his  balloon  came 
rapidly  to  the  ground,  from  his  having  pulled  the  cord  of  the 
larger  in  place  of  that  of  the  smaller  valve,  to  descend  ;  and  he 
was  killed  on  the  spot.  His  fair  companion,  a  young  lady, 
was  very  much  injured  by  the  fall. 

Construction  of  Balloons. — The  balloon  itself  is  composed  of 
gores  of  silk,  fig.  21,  covered  with  caoutchouc  varnish,  and 
probably  30  feet  diameter.  A  net  is  spread  over  the  whole 
hemispherical  surface.  To  this  a  car  or  boat  is  saspended  by 
ropes,  so  as  to 
hang  a  few  feet 
below  the  bal- 
loon ;  and  in  or- 
der to  prevent  the 
bursting  of  the 
machine,  a  valve  is  placed  in  it;  sometimes  two  valves,  one 
within  the  other,  to  allow  the  gas  to  escape  when  the  aeronaut 
wishes  to  descend.  The  basket  may  be  8  feet  long,  4  wide, 
and  3^  deep,  of  wickerwork  ;  and  the  weight  of  the  whole 
apparatus  about  5i  cw  t.  including  the  voyager.— The  conduct 
of  balloons  has  been  attempted  to  be  placed  under  the  power 
of  the  aeronaut,  by  means  of  wings  or  oars,  fig.  22.  Blanchard 
used  this  sort  of  wing 
of  silk,  stretched  upon 
cane,  and  used  edge- 
wise in  the  direction 
in  which  the  balloon  is 
driven. — Lunardi  tried 
shutters  of  silk,  or  rather  valves,  a, b, c,  as  fig.  23,  to  open  on  one 
side  only,  and  be  moved  on 
the  flat  side  in  the  direction  in  Fi^-2"- 
which  the  machine  is  impel- 
led. But  the  aeronaut  has 
little  or  no  power  over  the 
machine  when  it  is  suspended 
in  the  air. — Baldwin,  who  ascended  from  Chester  in  1786,  com- 
pares the  sensation  of  ascending  to  that  of  a  strong  pressure 
from  the  bottom  of  the  car  upwards  against  the  soles  of  the 
feet.  At  the  distance  of  one  mile  he  fancied  he  had  gone 
seven.  The  river  Dee  appeared  red,  the  city  diminutive,  the 
town  blue,  and  all  reduced  to  one  grand  enchanting  level ;  the 
clouds  seemed  a  sea  of  fleecy  cotton,  the  thunder-clouds  like 
the  dense  smoke  of  cannon.  The  shadow  of  the  balloon  upon 
the  white  floor  of  clouds,  was,  at  times,  no  bigger  than  an  egg; 
at  others,  greatly  increased,  and  surrounded  with  the  most 
captivating  iris  or  rainbow.  At  four  miles  high  the  air  was 
warmer  than  on  earth :  the  sun  was  hottest  when  the  balloon 
was  stationary. — Mr.  Sadler,  who,  in  the  summer  of  1824, 
ascended  from  Liverpool,  erected  an  extensive  apparatus  for 
filling  his  balloon  with  gas,  of  a  quality  suBiciently  buoyant  to 
bear  up  more  tlxan  the  usual  weight.  The  apparatus  consisted 
of  a  large  boiler,  heated  by  two  furnaces,  and  a  number  of 
cylindrical  retorts,  communicating  by  pipes,  leading  to  a  gene- 
ral conduit ; — the  w  hole  being  on  the  principle  of  simply  decom- 
posing water  by  means  of  heated  iron  filings,  borings,  and 
turnings.  The  balloon  was  34  feet  diameter,  by  42  feet  high, 
covered  with  .5C0  square  yards  of  silk,  containing  28,000  cubic 
feet  of  gas,  which  would  raise  12  cwt.  from  the  earth.  The 
balloon  arose  at  3  p.  m.  and  took  a  S.E.  course  towards  Ches- 
ter, near  which  place  it  descended  between  .0  and  G  p.  m.  The 
mountains  of  Wales  were  visible  to  Mr.  Sadler  and  his  com- 
panion;  hut  the  sea  was  liid  by  clouds. — On  the  14th  of  June, 
1824,  Messrs.  Green  and  Sparrow  ascended  from  the  gas- 
works of  Oxford,  about  3  p.  ni.  The  balloon  travelled  22  miles 
towards  Henley,  where  it  was  brought  down.  Mr.  Sparrow  was 
thrown  out  of  the  car,  when  the  balloon  came  first  in  contact 
with  the  earth,  but  received  no  injury. — A  Mr.  Graham  and  his 
wife,  about  the  same  period,  ascended  from  Lon<lon,  and 
descended  about  14  miles  from  Brighton,  after  a  voyage  of 
1  hour  and  20  minutes,  without  experiencing  any  accident. — 
Since  the  above  was  written,  poor  Sadler  was  killed  in  one  of 
his  enterprising  voyages. 

jliSCULUS,  in  Botany,  horse-chesnut,  which,  as  a  powder, 
excites  sneezing :  infused,  it  is  good  for  complaints  in  the 


head  and  eyes.     The  bark  of  the  tree  is  considered  a  good 
febrifuge. 

FESTIVAL,  belonging  to  summer,  as  the  festival  solstice, 
sign,  {cc. 

jETHER,  in  Chemistry,  a  light,  volatile,  and  very  inflam- 
mable liquid,  produced  by  distillation  of  acids  with  spirits  of 
wine.  The  too  frequent  use  of  aether  is  very  injurious  to  the 
nervous  system  ;  yet  many  people  take  it  freely. 

^THUSA,  fool's  parsley,  possesses  poisonous  qualities. 

AETITES,  eagle  stones,  flinty  crustated  pebbles,  of  a  yellow 
colour,  hollow  within,  and  containing  a  nucleus,  which  rattles  if 
the  stone  be  shaken. 

AFFERER.S,  in  Law,  persons  appointed  in  courts  leet, 
courts  baron.  Sec.  to  settle  the  fines  upon  those  who  have  been 
guilty  of  faults  arbitrarily  punishable. 

AFFETTUOSO,  or  Con  Affelto,  in  Music,  whatever  is  played 
in  a  moving  style. 

AFFIDAVIT,  in  Law,  an  oath  in  writing,  sworn  before  a 
competent  authority. 

AFFINITY,  in  Chemistry,  is  that  power  which  tends  con- 
tinually to  bring  particles  of  substances  together  which  are 
disunited,  and  which  retains  in  connection,  with  more  or  less 
force,  those  already  in  a  state  of  combination.  When  olive 
oil  and  water  are  shaken  together,  they  refuse  to  act  upon 
each  other,  and  separate  according  to  the  order  of  their  den- 
sities, the  oil  swimming  above  the  water.  Oil  and  water  will 
not  mix  intimately  ;  they  will  not  combine;  and  are  said  to  have 
no  chemical  attraction  or  affinitii  for  each  other.  But  if  oil 
and  soap  lees,  or  solution  of  potash  in  water,  be  mixed,  the 
oil  and  the  solution  blend  together,  and  a  species  of  soap  will 
be  formed,  which  may  be  procured  as  a  soft  solid  substance 
by  evaporating  a  part  of  the  water.  This  is  an  instance  of  com- 
bination ;  and  solution  of  potash  and  oil  are  said  to  attract  each 
other  chemically,  or  to  have  an  afflniti/  for  each  other.  A 
spoonful  of  salt,  thrown  into  a  vessel  of  water,  difl'uses  itself 
through  the  whole  of  the  fluid,  and  the  salt  is  combined 
with  the  water;  the  water  and  the  salt  have  an  affinity  for  each 
other,  and  cannot  be  separated  by  any  mechanical  means :  but 
if  another  substance  be  introduced,  to  which  water  has  a 
greater  aflinity  than  it  has  to  the  salt,  it  will  quit  the  salt,  to 
unite  to  this  third  substance.  If  alcohol  be  the  third  body, 
the  water  will  leave  the  salt  to  join  the  spirit;  and  the  salt, 
by  its  superior  gravity,  will  be  prccii>itated  in  the  vessel. 
Alcohol  will  dissolve  camphor,  and  the  fluid  be  perfectly  clear, 
which  is  another  instance  of  chemical  combination  ;  the  two 
substances  have  a  strong  aflinity  for  each  other:  but  the  spirit 
has  a  still  stronger  aflinity  for  water  than  for  the  camphor; 
and  if  a  little  of  that  fluid  be  added  to  the  solution,  the  cam- 
phor will  fall  down  in  flakes,  that  is,  in  a  solid  form.  Differ- 
ent bodies  unite  with  dilVercnt  degrees  of  force ;  and  hence, 
one  body  is  capable  of  separating  others,  from  certain  combi- 
nations :  and  in  consequence  of  the  same  circumstance,  mutual 
decompositions  of  difl'erent  compounds  take  place.  This  has 
been  called  double  affinili/,  or  complex  chemical  attraction.  Thus, 
if  an  aqueous  neutral  solution  of  lime  and  nitric  acid,  and  a 
like  solution  of  magnesia  and  sulphuric  acid,  be  mixed  toge- 
ther, the  lime  will  quit  the  nitric  acid,  to  unite  to  the  sulphuric 
acid,  and  the  magnesia  will  leave  the  sulphuric  acid,  to  com- 
bine with  the  nitric  acid.  The  combination  of  nitric  acid  and 
magnesia  will  remain  in  solution  ;  but  the  compound  of  lime 
and  sulphuric  acid,  being  only  slightly  soluble  in  water,  will,  for 
the  most  part,  be  precipitated  in  the  form  of  a  white  powder. 
Every  substance  has  its  peculiar  allinilics  to  the  various  other 
substances  presented  to  it.  If  all  bodies  had  the  same  degree 
of  aflinity  nith  each  other,  no  change  could  take  place  amongst 
them  ;  and  we  should  not  be  able  to  displace  any  principle  by 
presenting  one  body  to  another.  It  is  in  consequence  of  this 
dill'eicncc  in  the  afiinitics,  that  all  chemical  decompositions  are 
allccted  ;  and  all  the  operations  of  nature  and  art  are  founded 
upon  it.  Hence  arises  the  terms,  simple  aflinity,  double  allinity, 
&c.  Two  principles  united,  and  then  separated  by  means  of 
a  third,  allord  an  example  of  simple  aflinity  :  it  consists  in  dis- 
placing one  prin<'iple  by  the  addition  of  a  third.  The  body 
disengaged  is  called  the  precipitate ;  the  substance  used  to 
separate  the  compound,  is  called  the  precipitant.  An  alkali 
precipitates  metals  from  their  solutions.    Sometimes  the  i^cw 
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compound  itself  is  precipitated,  as  when  the  vitriolic  acid  is 
poured  on  a  solution  of  the  muriate  of  lime.  At  other  times, 
the  disengaged  body,  and  the  new  compound,  are  precipitated 
together,  as  when  Epsom  salt  is  dissolved  in  water,  and  pre- 
cipitated by  means  of  lime  water.  The  compound  of  two 
principles  cannot  be  destroyed  either  by  a  third  or  fourth  body 
separately  applied:  but  if  these  two  bodies  be  united,  and 
then  brought  into  contact  witli  the  same  compound,  a  decom- 
position will  take  place.  This  phenomenon  constitutes  double 
affinity,  as  when  vitrioiated  tartar  is  decomposed  by  nitric  acid 
combined  with  lime. 

AFFIRMATION,  in  Law,  an  indulgence  allowed  to  the  peo- 
ple denominated  Quakers  ;  giving  them  the  privilege  of  depos- 
ing upon  their  mere  word  of  honour,  what  other  sects  must 
attest  upon  oath.  If  the  Quaker  in  this  perjures  himself,  he 
suffers  accordingly. 

AFFRONTEE,  in  Heraldry,  an  appellation  given  to  animals 
fronting  one  another  in  an  escutcheon. 

AFRICA,  [Map,]  one  of  the  four  great  divisions  of  the 
earth,  extending  from  north  to  south  about  70°,  or  4200  geo- 
graphical miles.  This  vast  continent  occupies  about  69°  of 
longitude,  or  4140  geographical  miles.  It  is  divided  into 
Abyssinia,  Egypt,  the  Mahometan  States  in  the  North,  the 
Western  Coast,  the  Cape  of  Good  Hope,  and  the  countries  on 
the  Eastern  shores.  The  islands  are,  Madagascar,  Bourbon, 
Mauritius,  Kerguelen's  Land,  St.  Helena,  the  islands  of  Cape 
Verd,  the  Canaries,  and  Madeira.  Tlie  ruling  religion  is 
Mahommetanism.  The  climate  in  the  north  is  hot,  in  the  south 
temperate.  We  know  of  no  navigable  rivers  and  lakes  that 
can  diffuse  commerce  from  the  shores  to  the  centre  of  Africa. 
The  chief  rivers  are  the  Nile,  the  Niger,  the  Senegal,  the  Zahir 
of  Congo,  and  the  Zambezi  of  Mocaranga.  The  mountains 
are  those  of  Atlas,  Abyssiuia,  and  the  Cape.  And  the  great 
desert  of  Zaara  stretches  from  the  shores  of  Africa  to  the  con- 
fines of  Egypt,  in  length  2500  geographical  miles,  by  a  breadth 
of  720  ;  and  though  interspersed  with  fertile  spots,  it  is  a  vast 
ocean  of  sand,  that  defies  every  exertion  of  human  industry. — 
[N.B.  The  geographical  portion  of  this  Dictionary  is  from  one  of 
the  Editor's  own  works  — the  Grammar  of  Geography.] 

Abyssinia,  is  bounded  on  the  north  and  west  by  the  moun- 
tains and  forests  of  Kordofan  and  Sennaar ;  on  the  south, 
deserts  and  mountains  separate  it  from  Gingiro  and  Alaba, 
and  the  Red  Sea  skirts  its  eastern  margin.  It  is  divided  into 
the  provinces  of  Tigri,  Gojam,  Dembea,  and  Gondar,  the  capi- 
tal. The  religion  is  the  Christian  ;  the  population  may  amount 
to  three  millions  ;  and  the  government  is  absolute  and  heredi- 
tary monarchy.  The  climate  is  greatly  diversified ;  for  from 
April  to  September  there  are  heavy  rains,  and  though  the  six 
following  months  be  dry,  the  nights  are  cold.  No  country  can 
match  Abyssinia  in  mountains  and  detached  precipitous  rocks. 
The  African  Alps  are  crowned  with  eternal  snow,  and  from 
those  of  Kumri,  issue  the  unexplored  sources  of  the  Nile.  Tlie 
chief  lake  is  that  of  Tzana,  called  also  Dembea,  and  lakes 
Zawaja  and  Haik.  The  horses  of  Abyssinia  are  small,  but 
spirited  ;  cattle  and  buffaloes  are  numerous  ;  the  elephant, 
the  rhinoceros,  the  lion,  the  panther,  the  eamelopardalis,  are 
met  with  ;  hyajuas  infest  Gondar  at  night ;  wild  boars,  gazelles 
OT  antelopes,  and  monkeys,  swarm  in  the  woods ;  the  lakes 
and  rivers  abound  in  hippopotami  and  crocodiles. 

Egypt,  celebrated  from  all  antiquity,  is  about  500  miles  long, 
and  nearly  250  broad.  The  entire  country  is  a  narrow  vale, 
bisected  by  the  Nile,  and  hemmed  in  by  parallel  ridges  of 
mountains.  The  prevailing  religion  is  Mahommetanism,  but 
there  are  many  Christians,  who  have  their  priests  and  monas- 
teries. The  population  is  about  two  millions  and  a  lialf.  The 
government  is  in  the  hands  of  a  viceroy  of  the  Oltoman  power ; 
though,  in  Cairo,  a  powerful  aristocracy  directs  the  all'airs  of 
domestic  policy.  The  people  are  in  general  filthy  ;  the  Copts, 
or  original  Christian  inhabitants,  are  the  men'  of  business. 
The  climate  is  peculiar,  rain  being  unconmion,  the  heat 
extreme,  enforcing  an  abstemious  diet;  the  soil  rich,  agricul- 
ture of  the  simplest  kind,  the  inundations  of  the  Nile  render- 
ing vegetation  luxuriant  without  much  manual  labour.  The 
chief  city  is  Grand  Cairo,  a  dirty  place,  filled  with  300,000 
souls,  pent  up  in  narrow  streets  ;  Alexandria,  Rosetla,  and 
Damiett^.     Egypt,  once  the  focus  of  oriental  trade,  and  the 


granary  of  Rome,  still  exports  vast  quantities  of  wheat,  rice, 
and  llax,  and  many  black  slaves;  and  from  Tunis  and  Tripoli 
it  receives  oil,  red  caps,  aiul  line  flannel  ;  from  Syria,  cotton, 
silk,  soap,  and  tobacco  ;  from  Constantinople,  white  slaves, 
Circassians  or  Georgians,  the  males  being  the  far-famed  but 
ill-used  Mamelukes.  The  chief  river  is  the  Nile,  about  one 
quarter  of  a  mile  broad,  and  twelve  feet  deep,  of  miuldy  water, 
but  abundant  in  a  species  of  salmon,  eels,  and  crocodiles.  The 
chief  lakes  are  those  of  Menzala,  Berelos,  and  Elko,  in  the 
north  ;  Kerun  in  the  west,  and  the  Natron  lakes,  producing 
mineral  alkali.  The  mountains  lie  chiefly  between  the  Nile 
and  the  Red  Sea.  The  pyramids  are  constructed  of  free-stone, 
like  that  used  at  Bath  ;  and  the  ancient  obelisks  were  dug 
out  of  quarries  of  red  granite  near  Syene.  The  lotus  or  water 
lily  decorates  the  Nile  ;  the  cypress  overshadows  the  tombs  of 
the  dead  ;  the  sycamore  flourishes  with  vigour  even  on  the 
sandy  frontiers  of  the  desert ;  and  the  papyrus,  sacred  to  litera- 
ture, is  found  in  the  marshes  of  the  Delta. 

Nubia,  or  Ethiopia,  600  miles  in  length,  and  500  in  breadth, 
is  an  extensive  tract  between  Egypt  and  Abyssinia.  Its  states 
are,  Dongola  in  the  north,  and  Scnaar  in  the  south.  Nubia  is  a 
miserable  country,  and  its  people  deceitful  and  ferocious. 

The  Mahommetan  States  in  the  North,  arc,  Tripoli,  Tunis, 
Algiers,  and  Morocco,  extending  from  Cabes  to  the  confines 
of  Egypt.  Tripoli  is  governed  by  a  Bey,  subject  to  the  Porte 
or  Sultan.  The  town  is  situate  in  a  low  spot,  and  is  in  a  stat« 
of  rapid  decay.  Tunis,  the  central  region  of  northern  Africa, 
wns  once  the  seat  of  the  Carthaginian  power.  The  ruins  of 
Carthage  are  not  far  from  Tunis  the  capital,  a  town  about 
three  miles  in  circumference,  and  containing  50,000  souls,  the 
most  polite  and  civilized  among  the  Mahotnctans  of  Africa. 
Lions,  panthers,  hya-nas,  and  other  ferocious  animals,  are  found 
here.  Algiers  is  governed  by  a  Dey  or  Pasha,  who  exacts  tri- 
bute from  the  maritime  states  of  Christendom  ;  and  whose 
country  is  a  nest  of  robbers.  The  kingdom  of  Algiers  com- 
prises the  Numidia,  and  part  of  the  Mauritania,  of  the  ancients; 
and  the  productions  are  wool,  lead,  oil,  leather.  There  are 
many  salt  springs  and  rivers  in  the  kingdom  of  Algiers,  and 
there  is  one  salt  hill  near  the  lake  called  Manks.  Tlie  empire 
of  Morocco,  which  includes  also  the  kingdom  of  Fez,  is  peo- 
pled by  civilized  Moors,  and  wandering,  but  hospitable  Arabs  ; 
but  the  Brebers,  from  whom  Barbary  takes  its  name,  are  fierce 
and  obstinate  descendants  of  the  aboriginal  inhabitants.  The 
universal  food  consists  of  bits  of  paste  cooked  by  the  steam  of 
boiled  meat  and  vegetables,  sewed  up  in  an  earthern  dish, 
with  butter  and  spices,  and  eaten  alike  by  the  peasant  and  the 
monarch.  The  chief  sea-port  is  Tetuan.  Morocco  is  the  capi- 
tal. But  on  the  south  of  these  INIahommetan  states,  there  are 
the  countries  of  Drab,  Sijelniissa,  and  the  Land  of  Dates. 

The  Western  Coast,  is  peopled  by  the  Jalofs  and  Foulahs,  on 
the  banks  of  the  Senegal  and  Gambia.  Guinea  is  divided  into 
the  grain,  the  ivory,  and  the  gold  coast.  Benin  and  Calabar, 
Congo  and  Angola,  come  next  in  order.  The  sovereign  of 
Benin  is  said  to  be  able  to  bring  into  the  field  100,000  warriors. 
Laonga,  on  the  north  of  Congo,  possesses  an  industrious 
population,  expert  in  weaving,  smith's  work,  and  the  manufac- 
ture of  canvass,  caps,  and  beads.  The  Congoese  have  the 
negro  colour,  without  the  features  ;  and  these  people  practise 
the  strange  custom  of  opening  the  graves  annually,  to  decorate 
the  bones  of  the  dead.  These  countries  are  well  watered,  and 
the  usual  tropical  plants  abound  ;  rice,  yams,  gourds,  pota- 
toes, and  melons,  are  the  chief  food  of  the  inhabitants. 

The  Colony  of  the  Cape  of  Good  Hope.  The  territory  of  this 
colony  is  about  550  miles  in  length,  and  233  in  breadth,  com- 
prising a  population  of  about  20,000  souls.  The  country  is 
inoje  fertile  towards  the  east  than  on  the  western  coast  ;  and 
the  chief  roadsteads  are  False  Bay  on  the  south,  and  Table 
Bay  on  the  north,  which  opens  to  Cape  Tow  n.  The  botany  of 
southern  Africa  is  peculiarly  rich  and  magnificent,  as  is  proved 
by  the  beautiful  plants  from  thence,  which  decorate  our 
British  green-houses.  And  wolves,  hy;ipnas,  antelopes,  eagles, 
vullurcs,  kites,  crows,  turtle  doves,  lions,  and  hippopotami, 
rank  in  the  natural  history  of  the  Cape  of  Good  Hope. 

The  Eastern  (^oast,  ineiinlcs  the  country  of  the  Kalfres,  or 
Koussis,  and  the  Tambookies.  The  coast  of  Natal  is  follow- 
ed  by  the  Bay  of  Delngoa.      Opposite  to   Madagascar  are 
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Sabia,  Sofala,  Mocarang;a.  Then  the  coasts  of  Mozanibico  and 
Zanguebar  ;  and  the  desert  and  obscure  coasts  of  Ajan  and 
Adel,  complete  the  circuit  of  Africa.  The  country  around  the 
Bay  of  Delagoa  abounds  in  cattle  and  poultry,  and  the  fish  are 
numerous  and  excellent ;  Deer  Island  affording  abundance  of 
turtle.  The  natives  are  Katires,  that  is,  Pagans,  of  a  bright 
black  colour,  tall  and  stout,  good  humoured  and  harmless. 
Mocaranga  is  inhabited  by  a  civilized  people,  who  are  never- 
tlieless  superstitiously  afraid  of  magical  charms.  The  king  is 
guarded  by  females.  The  spade,  the  emblem  of  agriculture, 
is  worn  bj'  the  king  on  days  of  ceremony,  in  place  of  a  sword. 
An  officer  is  sent  annually  to  each  province,  and,  in  token  of 
his  fidelity,  leaves  his  children  as  hostages  at  court.  The  peo- 
ple of  the  province,  on  the  officer's  appearance,  extinguish  their 
fires,  but  again  light  them  from  the  officer's  torch,  in  token  of 
their  loyalty.  On  the  coasts  of  Ajan  and  Zanguebar  there  are 
considerable  numbers  of  Moors :  Mozambique  is  subject  to 
the  Portuguese  ;  Zanguebar  abounds  in  elephants.  Of  the 
other  states  little  is  known.  Madagascar,  840  miles  long,  and 
220  broad,  abounds  in  grand  and  picturesque  scenery,  strik- 
ingly diversified  «ith  precipices,  cataracts,  and  immense 
forests.  The  chiefs  of  tribes  in  this  island  are  distinguished 
from  their  clan  by  red  caps  ;  the  villages  are  fortified  places, 
constructed  on  eminences ;  the  magicians  have  an  amazing  sway 
over  the  more  ignorant  natives ;  and  the  most  honourable 
trade  is  that  of  a  butcher. — The  islands  of  Pemba,  Zanzibar,  and 
Monsia,  are  opposite  to  the  coast  of  Madagascar ;  and  the 
isles  of  Mahe,  and  Almiranti,  are  considerably  to  tlie  east. 
The  isles  of  Comoro  are  Angazzia,  Anzoan,  &c.  governed  by 
Mahometan  chiefs,  tributary  to  the  Portuguese  ;  and  the 
domestic  animals  are,  in  general,  like  the  European.  The 
islands  of  Mauritius,  or  France  and  Bourbon,  now  in  the  pos- 
session of  Great  Britain,  are  to  the  east  of  Madagascar. 
These  islands  produce  yearly  two  crops  of  wheat  and  Indian  corn, 
and  Bourbon  is  celebrated  for  its  sugar  canes,  cattle,  bread- 
fruit, nutmeg  and  cinnamon  trees.  Kerguelen's  Land,  or  the 
Island  of  Desolation,  situate  in  the  centre  of  the  great  Southern 
Ocean,  is  noted  chiefly  as  the  resort  of  ships  on  the  seal 
fishery  ;  for  its  wildness  and  sterility  set  industry  at  nought. 
St.  Helena  has  only  one  harbour,  and  that  is  difficult  of  access. 
This  island  is  the  regular  report  of  the  East  India  Company's 
ships,  and  was  lately  remarkable  as  the  residence  of  Buona- 
parte. The  island  of  Ascension  has  an  excellent  harbour,  and 
abounds  in  turtle  and  sea-fowl;  but  the  country  is  mountain- 
ous, and  the  soil  barren.  The  isles  of  St.  Matthew,  Annabon, 
St.  Thomas,  Prince's  Isle,  and  Fcrnando-Po,  are  near  the 
African  shore. 

The  Interior  Parts  of  Africa. — Darfur,  a  kingdom  in  the 
interior  of  Africa,  has  a  capital  called  Cobbe,  and  the  inha- 
bitants are  almost  all  merchants  and  foreigners.  The  flocks 
of  sheep  and  of  goats  here  are  numerous ;  cows  and  camels 
abound  ;  lions,  leopards,  hyaenas,  wolves,  jackals,  wild  buffa- 
loes, elephants,  rhinoceroses,  antelopes,  and  ostriches,  are 
plentiful.  Copper  and  iron  are  met  with  in  vast  mines  ;  tama- 
rinds and  fruit-trees  are  common.  The  government  is  heredi- 
tary monarchy  ;  but  the  Darfurs  are  a  dissolute,  wanton  peo- 
ple, amounting  to  about  two  millions  of  souls.  The  Moorish 
kingdom  of  Ludamar,  that  of  Beeroo,  Tombucloo,  Kaarta,  and 
Bambarra,  have  been  described  by  that  enterprising  and  inge- 
nious traveller,  Mungo  Park.  Also  the  kingdoms  of  Houssa, 
Kassina,  Ootto,  Baedoo,  and  Maniana  ;  Kulla,  Bergoo,  Fur, 
Bornou,  and  Ashantee,  by  other  travellers. 

AGALLOCHUM,  a  fragrant  medicinal  wood,  brought  from 
the  East  Indies. 

AGAPE,  a  love-feast,  or  feast  of  charity,  as  practised  by 
the  first  Christians,  who  had  all  tilings  common.  This  feast  has 
been  revived  by  the  Wesleyan  Methodists,  and  by  some  sects 
of  Particular  Anabaptists. 

AGARIC  Earth,  found  in  fissures  of  rocks, roofs  of  caverns, 
&c.  and  sometimes  used  as  an  astringent  in  fluxes,  haemorr- 
hages, &c. 

AGARICUS,  the  botanical  name  of  the  mushroom. 

AGATE,  a  precious  stone,  either  yellow  or  green,  lead- 
coloured,  or  sanguine.  Agates  may  be  obtained  artificially 
with  solution  of  silver  in  spirit  of  nitre,  and  afterwards  expos- 
ing the  part  to  the  sun.    The  most  remarkable  agate  was  tl>at 


of  Pyrrhus,  in  which  was  depicted  the  nine  muses,  and  Apollo 
playing  on  a  harp.  There  is  one  on  the  continent,  in  Austria, 
we  believe,  fashioned  into  a  cup  nearly  an  ell  in  diameter. 

AGAVE,  the  American  aloe. 

AGE,  in  ancient  Chronology,  the  space  of  30  years ;  thus, 
Nestor  lived  .3  ages,  or  90  years;  but  sometimes  it  denotes  TOO 
years.  In  Law,  a  certain  period  of  life,  as  21  years,  when  a 
person  is  said  to  be  come  of  aye. 

AGER,  a  Roman  acre  of  land. 

AGERATUM,  bastard  hemp  agrimony. 

AGGER,  in  ancient  warfare,  a  fortified  work  to  defend  a 
camp  or  position ;  in  modern  tactics,  the  lines  of  approach,  ox 
trenches,  correspond  with  the  aggete  of  the  ancients. 

AGGREGATE,  the  sum  of  several  things  added ;  and  Aggre- 
gation is  the  mass,  as  aheap  of  sand,  of  ruins,  &c. 

AGIO,  in  Commerce,  the  difference  between  bank  stock  and 
current  coin,  in  Holland  and  Venice. 

AGMEN,  a  Roman  army  in  march,  which  consisted  of  three 
agmina,  or  divisions  ;  van,  main  body,  and  rear. 

AGNUS  Castus,  a  plant,  upon  which  the  Athenian  ladies, 
who  made  a  profession  of  chastity,  used  to  lie  during  the  feasts 
of  Ceres. 

AGRICULTURAL  Instruments,  are  the  plough,  harrow, 
roller,  &c.  &c. 

1.  The  Plough,  fig.  24,  is  a  machine  drawn  by  horses,  and 
guided  bj'  a  husbandman,  for  turning  up  the  soil,  and  preparing 
it  to  receive  the  corn,  &c.  The  chief  parts  of  this  instrument  are, 
the  coH/ter,  W  E  F  ;  ihe  sock,  C,  fixed  on  the  base  CM:  Mis 
the  lieel.  The  sock  and  coulter  are  of  iron.  AL  is  the  sheath; 
P  Q  the  stilt ;  R  L  K  the  beam  ;  H  the  coulter  stay.     There  are 

The  Plough. 


this ; 


most 


ploughs   of  a  different  construction 
remarkable  are,  the 

2.  Foiir-coultered  Plough,  fig.  25,  moving  on  two  wheels,  of 
which  the  left-hand  one  is  20,  and  the  right-hand  one  24  inches 
diameter ;  separated  2  feet  C  Lucbes  from  each  other.  The 
plough  beam  is  10  feet  long. 


3.  The  Paring  Phnigh,  represented  in  fig.  26,  will  be  readily 
understood  from  the  fi- 
gure :  its  use  is  to  pare 
off  the  rough  stubble,  or 
surface  of  the  ground,  in  C 
order  to  its  being  burnt. 
E  is  the  paring  plate  ; 
the  beam  is  seven  feet 
long. 

.').  The  Chain  Plough,  fig.  27,  so  termed  because  drawn  by  a 
chain,  fixed  to  the  back  part  of  the  beam  immediately  before 
the  coulter,  has  two  advantages;  first,  by  means  of  a  muzzle, 
it  makes  the  plough  go  deep  or  shallow;  and,  next,  it  stresses 
the  beam  less  tliaii  if  fixed  to  the  point,  and  therefore  a 
slenderer  beam  is  sufficient.  This  plough,  of  a  smaller  size 
than  ordinary,  can  be  drawn  by  a  single  horse,  and  is  ♦ho 
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most  proper  for  horse-hoeing,  making  dung-furrows,  drills, 
&c.  &c. 


5.  The  Brake,   fig.  28,  a  r— 
larjre   weighty   harrow,    is  ^^ 
used   to   reduce    stubborn 
soils.     It  consists  of  four 
pieces  of  oak,  6^  feet  long,  r^ 
6  inches  square  ;  with  teeth 
17inches  long,  bending  for- 
ward like  a  coulter. 

6.  The  Common  Harrow  (^g 
is,  in  figure,  like  the  brake, 
but  much lightermade :  the 
teeth  may  be  wood  or  iron, 
from  ten  to  twelve  inches  (  □ /^ 
asunder. 

7.  Tlie  Chain  and  Screw  Harrow,  fig.  29,  designed  to  bend 
with  the  ridges,  either  from  their  crowns,  or  from  their  furrows, 
even  if  the  sides  of  the  ridges  be  18  feet  broad.  This  harrow 
may  be  dillerently  made ;  as  by  joining  two  common  harrows 
by  a  chain,  so  that  they  shall  hend  to  the  curvature  of  the 


ridges.     In  the  same  way,  a  grass  harrow  may  be  framed  when 
the  land  is  not  laid  down  in  meadow  form,  perfectly  level. 

8.  The  Roller,  made  of  stone,  wood,  or  cast  iron,  should 
weigh  200  stone,  without  shafts  ;  but  constructed  of  cast  iron, 
it  is  sometimes  a  ton  and  a  half  weight.  A  piece  of  beech 
wood,  surrounded  with  three  rows  of  felloes,  lined  with  planks 
equally  long,  and  the  whole  clasped  together  with  iron  rings 
3^  feet  diameter,  makes  a  good  agricultural  roller. 

9.  The  Patent  Universal  Sowing  Machine,  may  be  made  to 
be  worked  by  hand,  drawn  by  ahorse,  or  fixed  to  a  plough. 
Simple  in  its  construction,  and  therefore  not  readily  put  out  of 
order,  having  bit  one  movement  to  direct  the  whole,  it  requires 


no  skill  in  working ;  and  will  sow  wheat,  barley,  oats,  rye, 
clover,  turnip  seed,  &c.  with  an  accuracy  hitherto  unknown. 
Fig.  30  represents  the  machine  fixed  to  a  double-furrow 
creasing  plough,  and  prepared  for  drilling. 

10.  The  Scythe,  fig.  31,  is  a  well  known  instrument  in  hus- 
bandry ;  and  the  Silesian  Sci/the,  which  we  will  here  describe, 
difl'ers  little  from  that  commonly  used  in  mowing  grass,  except 
that  the  blade  is  rather  smaller  ;  to  it,  four  teeth  of  wood  are 
attached  parallel  to  the  blade,  fixed  and  secured  in  a  proper 


Sileskut. 


manner,  and  designed  to  keep  the  corn  together  after  it  is  cut ; 
so  that,  instead  of  its  falling  in  a  confused  state,  the  reaper  can 
lay  it  down  in  a  regular  and  compact  manner.  The  handle, 
ab,  is  4 feet  3  inches  long;  the  blade,  if,  about  2  feet;  the 
upright,  bd,\  foot  10  inches. 

11.  In  the  Collector  Scythe,  fig.  32,  the  handle,  a,  is  4  feet 
1  inch  ;  the  blade,  b,  2  feet  8  inches  ;  the  upright,  12  inches  :  the 
collector  is  of  cloth,  and  may  be  added  to  the  common  scythe 


Flff.  32. 

The 
Colkotor 


with  a  piece  of  sheet  iron  at  the  tip  of  the  blade.  The  collector 
is  fixed  on  by  stout  iron  wires,  <■,  and  will  be  well  enough  un- 
derstood from  our  engraving.  This  instrument  is  preferable  to 
the  above,  though  both  are  excellent. 

12.  The  Irrigating  Machine,  is  an  instrument  designed  to  raise 
water  to  a  great  height  for  the  irrigation  of  land,  in  such  situa- 
tions as  have  the  advantage  of  a  small  fall:  it  depends  on  the 
principle  of  Hero's  fountain,  and  it  may  properly  be  inserted 
here.  See  Hero's  fountain,  article  Jet  d'Eau.  Fig.  33,  a,  b,  is 
the  stream  of  water  :  b,c,c,  represents  the  waterfall,  supposed 
to  be  10  feet :  rl,e,  are  two  leaden  or  cast  iron  vessels,  contain- 
ing about  4  or  6  gallons  of  water,  and  /.  g,  li,i,  k,  I,  are  leaden 
or  iron  vessels  holding  about  two  quarts  each:  o,  ;>,  arc  two 
cocks,  each  of  which  passes  through  two  pipes,  opening  the 
one,  and  closing  the  other :  q,  r,  is  a  water  balance,  which 
works  on  its  centre  s,  and  by  which  the  cocks  a  and  p  are  alter- 
nately turned  :  t,  v,  and  w,  x,  are  air-pipes  made  of  lead,  both 
1 J  inch  diameter  internally  ;  and  i/,  z  ;  v.  ::  ; ;/.  z  ;  are  water- 
pipes,  each  1  inch  diameter.  The  pipe  b,e.c,\s.  always  full 
from  the  stream  «,/>;  the  small  cisterns,  g.i.l,  and  the  large 
one,  d,  are  supposed  to  have  been  previously  filled  with  water. 
The  fluid  may  then  be  admitted  by  turning  the  cock  o,  through 
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the  pipe  c,  e,  into  the  larger 
cistern  e.  The  water  will  then 
press  the  air  confined  iu  the 
cistern  e,  up  the  air-pipe  w,  x, 
and  force  the  fluid  out  of  the 
cisterns  g,  i,  I,  into  tliose  mark- 
ed /i,  k,  &c.  At  the  same  time, 
by  opening  B,  the  water  and 
condensed  air,  wliich  previ- 
ously existed  in  the  large  cis- 
tern d,  and  in  the  less  ones 
/,  h,  k,  will  be  discharged  at  B. 
In  a  short  time,  the  water  ba- 
lance, q,i;  i,  will  turn  the  cocks 
o,  p,  and  push  out  the  water, 
opening,  during  this  operation, 
the  opposite  ones  ;  the  cisterns 
/,  A,  k,  are  emptied  in  their 
turns  by  the  condensed  air  from 
the  cistern  d,  as  the  water  pro- 
gressively enters  the  latter  pipe 

b,  c. These,  and  many  more, 

which  our  limits  compel  us  to 
omit,  are  the  most  useful  ma- 
chines used  in  agriculture; 
Carts,  waggons,  threshing  mills, 
&c.  we  shall  describe  in  their 
proper  places,  agreeably  to  the 
alphabetical  arrangement  of  this 
Dictionary. 


AGRIMONIA,  Agrimony  :  hemp  and  water-hemp  agrimony, 
occur  in  botany.  Common  agrimony  is  aperient  and  deter- 
gent ;  good  in  scorbutic  disorders,  and  debility  of  the  intes- 
tines. Digested  in  wliey,  it  makes  a  good  and  useful  diet- 
drink  for  the  spring. 

AGROSTEMMA,  wild  lichens,  or  campions. 

AGROSTIS,  bent-grass.  Agrosloyraplna,  the  history  or 
description  of  grasses. 

AGUE,  a  periodical  fever,  which,  according  to  the  different 
returns  of  the  feverish  paroxysms,  is  denominated  tertian, 
quartan,  and  quotidian. 

AHEAD,  a  sea  term,  expresses  the  situation  of  any  object  in 
advance  of  the  ship;  and  is  used  in  opposition  to  astern,  which 
denotes  the  position  of  any  object  behind  the  ship. 

AHULL,  the  situation  of  a  ship  when  all  her  sails  are 
furled,  on  account  of  the  violence  of  the  wind,  and  when,  hav- 
ing lashed  her  helm  on  the  lee  side,  she  lies  nearly  with  her 
side  to  the  wind  and  sea,  her  head  being  somewhat  inclined  in 
the  direction  of  the  wind. 

AIDS,  in  the  Manege,  cherishings  used  to  avoid  the  neces- 
sary corrections.  The  inner  aids  are  the  inner  heel,  leg,  rein, 
&.C  ;  the  outer  aids,  the  outer  heel,  leg,  rein,  &c. 

AIGHENDALE,  in  Lancashire,  a  liquid  measure  of  7  quarts. 

AIGUISCE,  in  Heraldry,  a  cross  with  its  four  ends  sharp- 
ened into  obtuse  angles. 

AIR,  a  thin,  elastic,  transparent  fluid;  ponderous,  compres- 
sible, and  dilatable.      > 

AiH,  in  Music,  melody  in  general,  a  tunc. 
A\R-Pipes,  an  invention  duo  to  Mr.  Sutton,  a  brewer,  of 
London ;  being  intended  for  clearing  the  holds  of  ships,  and 


other  close  places,  of  their  foul  air.  The  principle  upon  which 
this  contrivance  is  founded,  is  well  known  ;  being  no  other  than 
the  rarefying  power  of  heat,  which  by  causing  a  diminution  in 
the  density  of  the  air  in  one  place,  allows  that  which  is  in  con- 
tact with  it  to  rush  in,  and  to  be  succeeded  by  a  constant  sup- 
ply from  remoter  parts,  till  the  air  becomes  every  where  equally 
elastic.  If,  therefore,  one  end  of  a  long  tube  be  placed  in  the 
hold,  or  place  to  be  purified,  while  the  other  end  of  the  tube  be 
sufficiently  heated,  the  foul  air  will  be  constantly  drawn  up, 
and  supplied  by  fres^i  air  from  above. 

A\R-fiinip,  a  popular  pneumatic  machine,  that  draws  out  or 
exhausts  the  air  in  a  proper  vessel.  The  construction  of  this 
machine,  and  its  principle  of  action,  may  be  thus  explained, 
fig.  34 : — Let  B  represent  a  section,  (the  section  of  a  perfectly 
uniform  metallic  barrel  or  pipe.)  com 
municating  with  the  glass  receiver  A, 
by  means  of  the  inferior  tube  t,  t ;  let 
P  be  a  piston,  attached  to  the  rod  R, 
and  fitting  the  barrel  air-tight ;  v  and 
V,  are  two  valves  opening  upwards, 
one  in  the  piston,  the  other  in  the  end 
of  the  tube  1 1.  CD  supports  the 
receiver,  which  is  placed  on  wet  lea- 
ther collars.  When  the  piston-rod  is 
pushed  down,  the  air  in  the  barrel  is  cTfilTI 
compressed,  the  lower  valve  shut,  but  "■ 
the  valve  of  the  piston  opens,  and 
allows  the  air  in  the  barrel  to  rush  out.  When  the  piston  is 
drawn  up,  its  valve  is  shut  by  the  external  atmosphere  ;  but  the 
air  in  the  receiver  pushing  up  the  valve  r  of  the  tube,  rushes 
into  the  barrel,  which  is  again  filled  with  air  as  much  rarer 
than  before,  as  the  contents  of  both  barrel  and  receiver  exceed 
that  of  the  receiver  alone.  Every  stroke  diminishes  the  den- 
sity of  the  confined  air  in  a  constant  proportion,  namely, 
as  much  as  the  w  hole  content  exceeds  that  of  the  cylinder  or 
barrel ;  and  consequently,  the  sum  of  as  many  diminutions  as 
there  are  strokes  of  the  piston,  will  shew  the  whole  diminution 
by  all  the  strokes.  So,  if  the  capacity  of  the  barrel  be  equal 
to  that  of  the  receiver,  in  which  the  communication-pipe  is 
always  to  be  included,  then,  the  barrel  being  half  the  sum  of 
the  whole  content,  half  the  air  will  be  drawn  out  at  one  stroke  ; 
and  consequently,  the  remaining  half,  being  dilated  through 
the  whole  or  first  capacity,  will  be  of  only  half  the  density  of 
the  first;  in  like  manner,  after  the  second  stroke,  the  density 
of  the  remaining  contents  will  be  only  half  of  that  after  the  first 
stroke,  that  is,  only  }  of  the  original  density :  continuing  this 
operation,  it  follows  that  the  density  of  the  remaining  air  wiQ 
be  J  after  3  strokes  of  the  piston,  -f^  after  4  stroks,  ^  after  6 
strokes,  and  so  on,  according  to  the  powers  of  the  ratio  J  ;  that 
is,  such  power  of  the  ratio  as  is  denoted  by  the  number  of  the 
strokes.  In  like  manner,  if  the  barrel  be  J  of  the  whole  eon- 
tents,  that  is,  the  receiver  double  of  the  barrel,  or  f  of  the 
whole  contents  ;  then  the  ratio  of  diminution  of  density  being 
§,  the  density  of  the  contents,  after  any  number  of  strokes  of 
the  piston,  will  be  denoted  by  such  power  of  §,  whose  exponent 
is  that  number  ;  namely,  the  density  will  be  §  after  one  stroke, 
(§)'  or  ^  after  two  strokes,  (ly  or  j",  after  three  strokes,  and  in 
general  it  will  be  (§)»  after  n  strokes :  the  original  density  of 
the  air  being  1.  . 

The  Common  Air-Pump,  fig.  35,  is  both  portable  and  con- 
venient. E,  F,  G,  H,  is  a  square  tal)lc  of  wood;  A,  A,  two 
strong  barrels  of  brass  firmly  fixed  by  the  head  bar  T,  T, 
and  the  pillars  N,  N.  These  barrels  communicate  with 
two  tubes,  as  shewn  in  diagram  31,  each  having  its  valve 
opening  upwards,  as  have  also  the  pistons  their  valves.  In 
this  machine  the  pistons  are  worked  by  a  cog-wheel  fixed 
in  the  bar  T  T,  and  turned  by  the  handle'lJ.  The  teeth  of  the 
wheel  work  in  the  pislori  racks  C,  C.  P  Q,  a  circular  brass 
plate  to  hold  flic  receiver,  has  a  hole  in  its  centre  that  commu- 
nicates witli  the  piston  tubes.  In  the  piece  D,  at  V  there  is  a 
screw  which  closes  the  orifice  of  one  pipe  for  the  purpose  of 
admitting  the  external  air  when  required.  L  M  is  the  glass 
receiver,  out  of  which  the  air  is  to  be  exhausted,  when  placed 
on  the  plate  P  Q,  which  is  previously  covered  with  a  wet  sheep- 
skin, or  smeared  with  wax,  to  prevent  the  air  from  insinuating 
under  the  edge  of  the  glass.     When  the  handle  U  is  turned, 
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one  of  the  pistons  is  raised,  and  tlie  other  depressed;  conse- 
quently a  void  space  is  left  between  the  raised  piston  and  tlie 
lower  valve  in  the  correspondent  barrel:  the  air  contained  in  the 
receiver  L  M  communicating  witli  the  barrel  by  the  orifice  K,  im- 
mediately raises  the  lower  valve  by  its  spring,  and  expands  into 
the  void  space,  and  thus  a  part  of  the  air  in  the  receiver  is  ex- 
tracted. The  handle  then,  being  turned  the  contrary  way,  raises 
the  other  piston,  and  performs  the  same  act  in  its  correspond- 


.JjrLuinj). 


ent  barrel :  while,  in  the  mean  lime,  the  first-mentioned  piston 
being  depressed,  the  air  by  its  spring  closes  the  lower  valve,  and, 
raising  the  valve  in  the  piston,  makes  its  escape.  The  motion  of 
the  handle  being  again  reversed,  the  first  barrel  again  exhausts, 
while  the  second  discharges  the  air  in  its  turn  :  and  thus,  during 
the  time  the  pump  is  worked,  one  barrel  exhausts  the  air  from 
the  receiver,  while  the  other  discharges  it  through  the  valve  in 
its  piston.  Hence  it  is  evident,  (hat  the  vacuum  in  the  receiver 
of  this  air-pump  (and  the  same  may  be  said  of  all  others)  can 
never  be  perfect;  that  is,  the  air  can  never  be  entirely  ex- 
hausted :  for  it  is  the  elasticity  of  the  air  in  the  receiver  that 
raises  the  valve,  and  forces  air  into  the  barrel ;  and  the  barrel 
at  each  exsuction  can  only  take  away  a  certain  part  of  the 
remaining  air,  which  is  in  proportion  to  the  quantity  before  the 
stroke,  as  the  capacity  of  the  barrel  to  the  sura  of  the  capacities 
of  the  barrel,  receiver,  and  communicating  pipe.  And  we 
have  shewn  the  ratio  of  exhaustion,  going  on  in  geometrical 
progression,  until  the  elasticity  of  the  included  air  is  too  feeble 
to  push  up  the  valveof  the  piston,  wlicn  the  receiver  is  said  to  be 
exhausted. — The  specific  gravity  of  air  may  be  very  accurately 
ascertained  by  means  of  this  machine,  and  the  method  is  as 
follows  :  To  the  neck  of  a  glass  bottle,  made  in  the  form  of  a 
Florence  flask,  adapt  a  cap  and  valve  opening  outwards, 
screw  it  on  the  pump,  and  exhaust  it  to  a  known  degree,  which 
will  be  shewn  by  the  gauge  attached  to  the  pump  for  that  pur- 
pose ;  then  from  the  weight  of  the  bottle  before  and  after 
exhaustion,  we  have  the  weight  of  the  exhausted  air;  and  from 
the  ratio  of  the  height  of  the  mercury  in  the  gauge  to  the 
standard  altitude,  we  know  the  proportion  which  the  exhausted 
part  bears  to  the  whole  air  originally  in  the  vessel,  whose 
weight  is  therefore  known.  Subtracting  this  weight  from  the 
weight  of  the  vessel  when  full  of  air,  there  will  remain  the 
weight  of  the  vessel  itself:  fill  it  with  water,  and  weigh  it,  and 
subduct  the  weight  of  the  vessel  from  this  weight  ;  the  remain- 
der is  the  weight  of  a  bulk  of  the  same  magnitude  with  the  air 
which  fills  the  vessel,  and  whose  weight  was  also  previously 
ascertained.  Following  this  method,  it  has  been  found  by  a 
mean  of  several  experiments,  that  the  specific  gravity  of  air  is 
to  that  of  water  as  1-222  to  1000,  very  nearly,  when  the  baro- 
meter stands  at  30  inches,  and  in  the  mean  temperature  of  55° 
of  Fahrenheit's  thermometer.  This  agrees  with  the  result 
already  given. — Some  of  the  principal  efi'ects  and  pheno- 
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mena  of  the  air-pump  are  the  following :— That,  in  the  ex- 
hausted receiver,  heavy  and  light  bodies  fall  equally  swift ;  so, 
a  piece  of  metal  and  a  feather  fall  from  the  top  of  a  tall  receiver 
to  the  bottom  exactly  together :  That  most  animals  die  in  a 
minute  or  two :  but,  however,  that  vipers  and  frogs,  though 
they  swell  much,  live  an  hour  or  two  ;  and  after  being  seem- 
ingly quite  dead,  come  to  life  again  in  the  open  air :  That 
snails  survive  about  ten  hours ;  efts,  or  slow-worms,  two  or 
three  days  ;  and  leeches  five  or  six  :  That  oysters  live  for  24 
hours  :  That  the  heart  of  an  eel  taken  out  of  the  body,  con- 
tinues to  beat  for  a  good  part  of  an  hour,  and  that  moie 
briskly  than  in  the  air:  That  warm  blood,  milk,  gall.  Sec. 
undergo  a  considerable  intumescence  and  ebullition  :  That  a 
mouse,  or  other  animal,  may  be  brought,  by  degrees,  to  sur- 
vive longer  in  a  rarefiSd  air,  than  it  does  naturally  :  That  air 
may  retain  its  usual  pressure,  after  it  is  become  unfit  for 
respiration  :  That  the  eggs  of  silk-worms  hatch  in  vacuo  :  That 
vegetation  stops  :  That  fire  extinguishes,  the  flame  of  a  candle 
usually  going  out  in  one  minute,  and  live  charcoal  in  about 
five  minutes. 

Cuthbertson's  Air-Piimp,  is  exhibited  in  fig.  36,  with  its  two 
principal  gauges  screwed  into  their  places  ;  but  these  are 
seldom  used,  except  when  great  delicacy  is  required ;  for  in 
the  common  experiments  one  of  them  is  removed,  and  a  stop- 
screw  put  in  its  place  :  and  when  all  the  three  gauges  are 
used,  the  stop-screw  B  admits  the  air  into  the  receiver.  The 
dotted  lines  represent  a  transverse  bar  that  keeps  the  barrels 
steady  :  N,  N,  are  two  slips  of  wood  that  keep  this  bar  down : 
O,  O,  are  screws  that  fix  it. 


Fig.  37  is  a  section  of  one  of  the  barrels  with  all  its  interual 

parts,  and  figs.  38,  39,  40,  and  41,  are  diflercnt  parts  of  the  pis- 
ton, proportioned  to  the  size  of  the  barrel,  and  to  one  anotlier. 
In  tig.  .37,  C  D  represents  the  barrel,  F  the  collar  of  leathers, 
G  a  hollow  cvlindrical  vessel  to  contain  oil.  R  is  also  an  oil- 
vessel  to  receive  the  oil  which  is  drawn,  along  with  the  air. 
through  the  hole  aa,  when  the  piston  is  drawn  upwards;  and, 
when  this  is  full,  the  oil  is  carried  over  with  the  air,  along  the 
tube  T,  into  the  oil-vessel  G.  cc  is  a  wire  which  is  driven 
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upwards  from  the  hole  a  «  by  the 
passage  ol'  tlie  air;  and  as  soon 
as  this  has  escaped,  it  falls  down 
a£cainby  its  own  weight,  shuts  up 
the  hole,  and  prevents  all  return 
of  the  air  into  the  barrel.  At  d  d 
are  fixed  two  pieces  of  brass,  to 
keep  the  wire  e  c  in  a  vertical  di- 
rection, that  it  may  accurately  slmt 
the  hole.  H  is  a  cylindrical  wire 
or  rod  which  carries  the  piston  I, 
and  is  made  hollow  to  receive  a 
long  wire  q  q,  which  opens  and 
shuts  the  hole  L ;  and  on  the  other 
end  of  the  wire  O  is  screwed  a 
nut,  which,  by  stopping  in  the  nar- 
rowest part  of  the  hole,  prevents 
the  wire  from  being  driven  up  too 
far.  This  wire  and  screw  are  more 
clearly  seen  in  fig.  4'2  and  41  ;  they 
slide  in  a  collar  of  leather  rr,  fig. 
42  and  40,  in  the  middle  piece  of 
the  piston.  Fig.  38  and  40  are  the 
two  mean  parts  which  compose 
the  piston,  and  when  the  pieces 
.39  and  41  are  added  to  it,  the 
whole  is  represented  by  fig.  42. 
Fig.  40  is  a  piece  of  brass  of  a 
conical  form,  with  a  shoulder  at 
the  bottom.  A  long  hollow  screw 
is  cut  in  it,  about  two-thirds  of  its 
length,  and  the  remainder  of  the 
hole,  in  which  there  is  no  screw, 
is  of  about  the  same  diameter  with 
the  screwed  part,  except  a  thin 
plate  at  the  end,  which  is  of  a 
width  exactly  equal  to  the  thick- 
ness of  717.  The  part  of  the  inside 
of  the  conical  brass  in  which  no 
thread  is  cut,  is  filled  with  oiled 
leatliers,  with  holes  through  which 
<7  q  can  slide  stiffly.  There  is  also 
a  male  screw  with  a   hole  in  it, 

filled  to  qq,  serving  to  compress  the  leathers  rr.  In  fig. 
38,  aaaa  is  the  outside  of  the  piston,  (he  inside  of  which  is 
turned  so  as  exactly  to  fit  the  outside  of  fig.  40.  h  b  are  round 
leathers  about  60  in  number,  cc  is  a  circular  piece  of  brass  of 
the  size  of  the  leathers,  and  dd  is  a  screw  serving  to  compress 
them.     The  screw  at  the  end  of  fig.  39  is  made  to  fit  the  screw 


in  fig.  40.  Now  if  fig.  41  be  pushed  into  fig.  40,  this  into  fig. 
38,  and  fig.  39  be  screwed  into  the  end  of  fig.  40,  these  will 
coniiiose  the  whole  of  the  piston,  as  represented  in  fig  42. 
H  in  fig.  37  represents  the  same  part  as  II  in  fig.  42,  and  is  that 


to  which  the  rack  is  fixed.  If,  therefore,  this  be  drawn 
upwards,  it  w  ill  cause  fig.  40  to  shut  close  into  fig.  38,  and  drive 
out  the  air  above  it :  and  when  it  is  pushed  downward,  it  will 
open  as  far  as  the  shoulder  aa  will  permit,  and  sulVer  air  to 
pass  through.  A  A,  fig.  43,  is  the  receiver  plate.  B  H  is  a 
long  square  piece  of  brass,  screwed  into  the  under  side  of  the 
plate,  through  which  a  hole  is  drilled  corresponding  to  that  in 
the  centre  of  the  receiver-plate,  and  with  three  female  screws 
b,  b,  c— The  rarefaction  of  the  air  in  the  receiver  is  ell'ected  as 
follows  :  Suppose  the  piston  at  the  bottom  of  the  barrel.  The 
inside  of  the  barrel,  from  the  top  of  the  piston  to  a,  contains 
common  air.  When  the  rod  is  drawn  up,  the  upper  part  of  the 
piston  sticks  fast  in  the  barrel  till  the  conical  part  connected 
with  the  rod  shuts  the  conical  hole,  and  its  shoulder  applies 
close  to  its  bottom.  The  piston  is  now  shut,  and  therefore  the 
whole  is  drawn  up  by  the  rack-work,  driving  the  air  before  it 
through  the  hole  a  a,  into  the  oil-vessel  at  R,  and  out  into  the 
room  by  the  tube  T.  The  piston  « ill  then  be  at  the  fop  of  the 
barrel  at  n,  and  the  wire  q  q  will  stand  nearly  as  represented 
in  the  figure  just  raised  from  the  hole  L,  and  prevented  from 
rising  higher  by  the  nut  O.  During  this  motion  the  air  will 
expand  in  the  receiver,  and  come  along  the  bent  tube  in  into 
the  barrel.  Thus  the  barrel  will  be  filled  with  air,  which,  as 
the  piston  rises,  will  be  rarefied  in  proportion  as  the  capacity 
of  the  receiver,  pipes,  and  barrel,  is  to  the  barrel  alone.  When 
the  piston  is  moved  down  again  by  the  rack-work,  it  will  force 
the  conical  part  of  fig.  40  out  of  the  hollow  part  fig.  38,  as  far 
as  the  shoulders  a  a.  Fig.  42  will  rest  on  a  a,  fig.  38,  which  will 
then  be  so  far  open  as  to  permit  the  air  to  pass  freely  through 
it,  while  at  the  same  time  the  end  o(  q  q  is  forced  against  the 
top  of  the  hole,  and  shuts  it,  in  order  to  prevent  any  air  from 
returning  into  the  receiver.  Thus,  the  piston  moving  down- 
wards suITers  the  air  to  pass  out  between  the  sides  of  fig.  38 
and  40  ;  and,  when  it  is  at  the  bottom  of  the  barrel,  will  have 
the  column  of  air  above  it:  and,  consequently.  When  drawn 
upwards  it  will  shut,  and  drive  out  this  air  and,  by  opening  the 
hole  L  at  the  same  time,  will  give  a  free  passage  to  more  air 
from  the  receiver.  This  process  being  continued,  the  airof  tlie 
receiver  will  be  rarefied  as  far  as  its  expansive  power  will 
permit.  For  in  this  machine  there  are  no  valves  to  be  forced 
open  by  the  elasticity  of  the  air  in  the  receiver,  which  at  last 
it  is  unable  to  elTeet.  There  is,  therefore,  nothing  to  prevent 
the  air  from  expanding  to  its  utmost  degree. 

Mendelssolai's  Air-Pump. — It  has  been  objected  to  Cuthbert- 
son's  air-pump,  that  its  complex  structure  renders  it  diflicult 
to  be  cleaned  andpnt 
together,  and  kept  in  FijMi. 

proper  order  for  ex- 
periments. Accord- 
ingly, Mr.  Mendels- 
sohn, a  mathematical 
instrument-maker, re- 
siding in  Great  Sur- 
rey -  street.  Black- 
friars'- Road,  having 
reflected  upon  the 
diniculties  just  allud- 
ed to,  was  led  to  the 
construction  of  a  more 
simple  air-pump,  ca- 
pable of  being  easily 
put  together  when- 
ever cleaned,  and  re- 
quiring that  opera- 
tion seldom.  He  re- 
jects the  tube,  in  com- 
mon air-puuips,  lead- 
ing from  the  valves 
to  the  receiver,  toge- 
ther with  the  cock 
that  shuts  this  pipe  : 
the  receiver  is  put  im- 
mediately upon  the 
valves  which  are  in  the 
top  of  the  barrels;  and 
the  rack-work  and  pinion  being  underneath,  the  whole  instro- 
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ment  is  inverted.  In  fiff.  44  you  have  a  full  sight  of  Mendelssohn's 
air-pump,  wherein  A.B,  CD,  are  cylinders  of  iflass,  jrrotind  and 
polished  inside.  E  and  F,  valves  allowing  the  cylinders  to 
communicate  with  the  receiver  O,  through  two  very  short 
canals  ah,  c  d,  fig.  45,  and 
the  cock  G.  Two  other 
valves  that  open  into  the 
atmosphere,  are  within 
the  covers  i  and  /.•,  as  may 
be  seen  in  fig.  45,  where 
r.  represents  one  of  them. 
M  N,  the  receiver  plate. 
P  Q  barometer  gauge. 
HK  and  I  L,  brass  pil- 
lars that  support  the 
whole.  RSVVV,  the  usual 
rack-work,  with  a  double 
winch /m.  The  whole  in- 
strument is  fixed  upon 
a  mahogany  table.  RS, 
W  V,  support  the  racks 
and  the  diagonals,  on 
which  the  pinion  of  the 
cog  -  wheel  moves. —  To 
shew  liow  this  pump  acts, 
it  will  be  sufficient  to  ex- 
plain the  action  of  one 
cylinder,because  the  other 
is  iu  all  parts  like  it.  B 
is  a  conical  metallic  valve,  from  which  a  canal  goes  through 
the  cock  G  up  to  the  receiver,  as  is  seen  in  fig.  45  and  48,  where 
all  the  parts  are  marked  with  the  same  letters.  ET  is  a  steel 
rod  going  through  a  leather  box  in  the  piston  U.  The  top  of 
this    rod  is  fixed  to   the 
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valve  E,  and  its  bottom 
part  slides  in  a  small  hole 
with  an  allowance  of  O-l 
inch  up  and  downward, 
consequently  the  valve  E 
can  move  no  further. 
When  the  piston  de- 
scends, it  opens  the  valve 
by  pushing  tlie  rod  to  the 
bottom  of  the  hole.  Then 
it  slides  down  the  rod  ET, 
and  the  air  from  the  re- 
ceiver has  access  to  the 
cjlinder.  When  the  pis- 
ton returns,  it  lifts  the  rod 
ET,  and  shuts  up  the 
valve.  Then  the  piston 
slides  along  the  rod  to 
the  top  of  the  cylinder, 
condensing  the  air  above 
it,  which,  by  the  least 
condensation,  opens  a 
valve  e,  fig.4G,and  escapes 
freely  into  the  atmosphere.  This  last  valve  has  neither  spring 
nor  additional  weight  to  shut  it,  but  shuts  by  its  own  weighT, 
(about  a  quarter  of  an  ounce,)  as  soon  as  the  piston  is  arrived 
at  the  top  of  the  cylinder.  The  cylinders  are  made  of  glass, 
and  the  pistons  of  tin,  so  well  fitted  as  to  be  air-tiylit,  without  the 
interposition  nf  anij  leathers.  The  friction  of  these  two  bodies 
is  remarkably  small  ;  a  sufficient  proof  that  they  will  be 
<lurable.  They  possess  the  further  advantage  of  being  capable 
of  standing  for  even  six  months  ;  after  which  timethey  will 
.serve  without  being  cleaned  or  repaired,  because  they  are  not 
liable  to  be  corroded  by  the  oil  which  they  contain,  an  incon- 
venience too  general  in  brass  cylinders.  If  the  present  pump 
should  want  cleaning,  take  olf  the  top  piece  t/h,  by  unscrewing 
the  nuts  H  and  I,  when  this  piece,  with  all  tiie  apparatus  upon 
it,  will  come  ofi'.  Then  each  cylinder  may  be  siid  olf  from  the 
piston,  wiped  and  replaced,  after  having  greased  it  inside  with 
a  little  sweet  oil  ;  the  top  is  then  put  in  its  place,  and  the  two 
nuts  H  and  I  being  screwed  upon  it,  the  instrument  is  ready. 
Neither  racks  nor  pinion  need  to  be  taken  out  of  their  places 


t!ic  cylinders  standing  above  them.  The  cock  is  constructed 
so,  that,  being  in  the  situation  represented  in  fig.  45,  the  com- 
munication is  open  between  the  cylinders,  liie  receiver,  and  the 
barometer-gauge,  and,  by  a  quarter  of  a  revolution,  the  cylin- 
ders arc  excluded,  the  receiver  and  gauge  being  still  left  i.T 
communication.  A  little  stopper,  ground  into  the  cock,  being 
open,  air  is  admitted  into  the  receiver,  if  it  is  required. 
The  glass  cylinders,  the  method  of  the  valves  opening,  are  new ; 
the  metallic  pistons,  without  leathering,  add  to  their  durabi- 
lity, and  lessen  the  labour  of  pumping.  In  short,  the  whole  is 
vastly  superior  to  the  common  pump. 

AIR  Lamp,  a  pneumatic  machine,  formed  by  the  combina- 
tion of  hydrogen  gas  and  electricity,  which  by  turning  a  stop- 
cock, produces  a  llame  that  may  be  regulated  at  pleasure. 

AIR  GuN',  fig.  47,  a  pneumatic  instrument,  which  will  drive 
a  bullet  with  great  violence  by  means  of  condensed  air  forced 
into  an  iron  hall,  15,  by  means  of  a  condenser.  The  operation 
depends  upon  the  elastic  power  of  air,  which  increases  in  pro- 
portion to  the  degree  of  condensation  imposed  ou  it.  Now 
the  elastic  power  of  fired 

gunpowder  being  equal  Fic^.(~7. 

to  the  pressure  of  1000  _  £ii^ 

atmospheres,     or     1000    '        "  "~ 

times  greater  than  that 
of  common   air,   it   fol- 
lows, tliat  in  order  to  produce  the  same  effect  with   an  air-gun 
as   with   a   firelock,    the   air  must   be  compressed    into   one- 
thousandth  part  of  its  natural  bulk;  and   for  all 
inferior  degrees  of  condensation,  the  effect  will 
be  pioporlionally  diminished ;  and  as  the  velo- 
cities with  which  equal  balls  are  impelled,  are 
directly  as  the  square  roots  of  the  forces  acting 
upon  them,  we  shall  be  able  always  to  estimate  the 
etl'eet  previous  to  any  explosion  taking  place. 

The  Condenser,  fig.  48,  forces  the  air  into  the  ^'SlU^  \ 
ball  B ;  at  the  end  a  is  a  male  screw,  on  which 
the  hollow  ball  B  is  screwed,  in  order  to  be  filled 
with  condensed  air.  You  set  your  feet  on  the 
rod  hh.  take  the  handle  ii  into  your  hand,  and 
pump  the  ball  b  full  of  air,  which  the  screw  a 
secures  till  you  fasten  the  ball  to  the  gun  for  use. 

The  k\v.-Ditii(ier,  fig.  49,  is  thus  produced.  AB  C  is  a  thin 
partition  of  a  room  down  to  the  fioor,  wUh  m\  apparatus  for  a 
good  convex  lens,  H,  turned  outwards  into  the  room  nearly  in 
a  horizontal  di- 
rection, so  as  to 
be  viewed  by  a 
person  stand- 
ing at  F.  The 
large  concave 
mirror  D  is  sup- 
ported at  a  pro- 
per angle,  to 
reflect  upwards 
through  H  the 
glass  in  the  par- 
tition B,  images 
of  objects  at  E 
presented  to- 
wards the  mir- 
ror below.      A 

strong  light  from  a  lamp  L,  being  directed  on  the  object,  and  no 
where  else,  than  to  the  eye  of  the  spectator  F,iu  a  darkened  room ; 
it  is  truly  surprising  and  admirable  to  what  ellect  the  images 
are  reflected  up  in  the  air  at  G.  Exhibitions  of  spectres  are 
formed  on  this  principle  of  catoptrics. 

A1R.\,  in  Botany,  hair-grass. 

AIRS,  in  the  Manege,  the  artificial  motions  taught  horses, 
as  the  demivolt,  curvet,  capriole. 

AIRY,  or  AERIE,  the  uest  of  a  hawk  or  eagle.  .\iry  tri- 
plicitif,  the  three  signs,  Gemini,  Libra,  Aquarius. 

AJUGA,  in  Botany,  the  bugle. 

AJUTAGE,  a  tube"  fitted  to  the  mouth  of  the  vessel  through 
which  the  water  of  a  fountain  is  played  :  and  to  the  dilfcrent 
variety  of  form  and  structure  of  ajutages  may  be  ascribed  the 
gre^it  difference  in  fountains. 
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ALjE,  the  lobes  of  the  liver:  the  cartilages  of  the  nostril. 

ALABASTER,  a  mineral,  differing  from  marble  in  being 
combined  with  sulphuric  acid. 

ALARM,  the  tiring  of  a  gun,  &c.  to  give  notice  of  an 
enemy,  &c.  Clocks  and  watches  sometimes  have  Alarms,  or 
Alarums. 

Alarm  Bell,  that  rung  upon  any  sudden  emergency:  Alarm 
j>nst,  a  rendezvous  :  Alarm,  in  Feucing,  a  challenge. 

ALBA-FIRMA,  rent  paid  in  silver,  and  not  in  coin,  which 
was  called  black  mail. 

ALBIREO,  a  star  of  the  fourth  magnitude,  in  the  Constella- 
tion Cygniis. — ALnoKO,  a  small  red  lisli  caught  in  the  Mediter- 
ranean.— ALni'CA,  bastard  star  of  Belldehem. — Albugo,  a  white 
spot  on  the  cornea  of  the  eye,  that  produces  blindness. 

ALBUMEN,  the  white  of  an  egg;  an  animal  or  vegetable 
substance. 

ALCE,  theclk. — Alcea,  holly-hock. — Alcedo,  the  kingfisher. 

ALCHEMILLA,  ladies'  mantle  ;  both  the  leaves  and  roots 
of  which  might  be  of  use  where  mild  astringents  are  required. 

ALCHEMY,  that  branch  of  Chemistry  which  had  for  its 
principal  objects,  the  transmutation  of  metals  into  gold ; 
the  panacea,  or  universal  remedy  ;  an  alkahest,  or  universal 
menstruum  ;  an  universal  ferment  ;  and  many  other  things 
equally  ridiculous. — Alv/iemi/  took  its  rise  among  the  Arabians, 
about  the  commencement  of  the  fourth  century.  This  delusive 
dream  holding  out  a  bait  to  avarice,  soon  attracted  a  host  of 
followers.  Intoxicated  with  the  idea  of  boundless  wealth, 
they  occupied  theit  time  in  searching  for  the  philosopher's 
stone,  and  for  a  panacea  or  universal  remedy,  which  should 
cure  every  disease,  and  confer  the  boon  of  immortality  on  the 
fortunate  discoverer  of  the  invaluable  secret.  Dioclcsian, 
fearful  that  the  visions  of  the  alchemists  might  be  realized, 
ordered  all  their  books  to  be  burnt.  Roger  Bacon  the  alche- 
mist was  excommunicated  by  the  pope,  and  suffered  ten  years 
imprisonmeni  for  supposed  dealing  with  the  devil ;  and  Para- 
celsus was  thought  to  have  an  evil  spirit  in  the  pommel  of  his 
sword.  The  language  of  this  prince  of  alchemists  was  a  tissue 
of  boasting  and  falsehood  :  he  promised  immortality  in  this 
world  to  his  disciples,  but  his  own  death,  in  1541,  opened  the 
eyes  of  his  deluded  followers,  and  blasted  their  sanguine 
hopes. 

ALCOHOL,  spirit  of  wine  highly  rectified  :  it  is  light  and 
inflammable,  and  being  highly  antiseptic,  is  used  to  preserve 
animal  substances.  The  spirit  of  wine  of  conmtcrce  is  only  an 
approximation  to  the  state  of  alcohol,  and  it  is  found  in  the 
shops  of  every  degree  of  strength  above  that  of  proof  spirit, 
hut  divested  of  all  colour.  It  is  obtained  merely  by  a  re- 
distillation of  proof  spirit; — but  to  free  spirit  of  wine,  as 
much  as  possible,  from  the  water  with  which  it  is  always  more 
or  less  combined,  and  to  bring  it  to  the  state  of  alcohol,  the  aid 
of  other  processes  besides  that  of  distillation  are  necessary. 
To  obtain  pure  alcohol,  Rouelles,  a  very  able  French  chemist, 
recommends  to  draw  olf  half  the  spirit  in  a  water  bath  ;  to  rec- 
tify this  twice  over,  drawing  off  two-thiids  each  time;  then  to 
add  water  to  this  alcohol,  which  will  turn  it  milky  bj'  separat- 
ing the  essential  oil  still  remaining  in  it;  afterwards  to  distil 
the  spirit  from  the  water,  and  rectify  it  by  another  distillation. 
Alcohol  is  not,  howcver,in  this  state  quite  pure;  it  may  yet  be 
freed  from  a  portion  of  water,  by  means  of  an  alkaline  salt. 
For  this  purpose,  muriate  of  soda  (common  salt)  may  be 
advantageously  employed,  by  first  depiiving  it  of  its  water  of 
crystallization  by  heat,  and  adding  it  hot  to  the  si)irit.  The 
subcarbonatc  of  potash  is,  however,  considered  to  be  preferable. 
About  a  third  part  of  the  weight  of  the  alcohol  .should  be  added 
to  it  in  a  glass  vessel,  be  well  shaken,  and  then  allowed  to  sub- 
side. The  salt  will  be  found  to  have  absorbed  water  from  the 
alcohol,  which  being  decanted,  more  of  the  salt  is  to  be  added, 
and  the  process  continued  until  the  salt  falls  dry  at  the  bottom 
of  the  vessel.  The  alcohol  piust  now  be  subjected  to  a  final 
distillation  in  a  water  hath,  to  deprive  it  of  the  red  tint 
(jblained  from  the  potash,  as  well  as  from  the  alkali  held  in 
solution.  Dry  muriate  of  lime  will  have  the  same  ellect  of  ab- 
stracting the  water  from  the  alcohol,  as  the  alkali  just  mentioned. 
Alcohol  being  much  lighter  than  water,  its  specific  gravity  is 
used  as  a  test  of  its  purity.  Fourcroy  considered  it  as  recti- 
fied to  the  highest  point  when  its  specific  gravity  was  829,  that 


of  water  being  1000;  and  this  is  perhaps  nearly  as  fax  as  it 
can  be  carried  by  mere  distillation  :  by  the  addition  of  alkali, 
it  may  be  brought  to  813,  at  CO  Fahrenheit.  According  to  the 
London  College,  it  should  be  815.  The  uses  of  alcohol  are 
various;  it  dissolves  witli  great  facility  the  resins  and  essen- 
tial oils,  also  camphor,  bitumen,  and  various  other  substances, 
which  renders  it  of  great  service  in  pharmacy,  in  various  other 
arts,  and  to  the  perfumers  in  particular.  AVhen  diluted  with 
an  equal  quantity  of  water,  constituting  what  is  called  proof 
spirit,  it  is  used  for  extracting  tinctures  from  vegetable  and 
other  substances  ;  the  alcohol  dissolving  the  resinous,  and  the 
water  the  gummy  parts.  From  its  giving  a  steady  heat  with- 
out smoke,  when  burned  in  a  lamp,  it  is  extensively  employed 
for  heating  water  on  the  tea-table;  and  in  many  chemical 
operations,  it  is  found  extremely  useful.  It  is  in  common  use 
in  preserving  anatomical  preparations,  and  many  subjects  of 
natural  history. 

ALCOR,  a  star  in  the  tail  of  the  constellation  of  the  Great 
Bear. 

ALCORAN,  the  Mahometan's  Bible.     See  Koran. 

ALCOVE,  in  Architecture,  a  recess,  or  part  of  a  chamber 
separated  by  an  estrade  or  partition  of  columns,  and  other 
corresponding  ornaments,  in  which  is  placed  a  bed  of  state, 
and  sometimes  seats  to  entertain  company. 

ALDEBARAN,  a  star  of  the  first  magnitude  in  the  constel- 
lation Taurus,  called  also  the  Bull's  eye. 

ALDER  Tree.  The  alder  grow  s  in  wet  situations ;  its  wood 
is  useful  in  machinery,  as  cogs  for  mill-wheels,  pumps,  water 
pipes,  he;  the  bark  is  useful  in  tanning,  and  in  dyeing  black,  by 
the  addition  of  copperas. 

ALE,  a  fermented  liquor,  prepared  either  from  wheat,  or 
rye,  or  millet,  or  oats,  or  barley,  or  the  berries  of  the  quick 
bean.     Sec  Brewing. 

Ale,  To  Mull.  Put  a  pint  of  strong  ale  into  a  saucepan, 
with  three  or  four  cloves,  nutmeg  and  sugar  to  your  taste :  set 
It  over  the  fire,  but  whenever  it  boils,  take  it  ofi',  and  let  it  cool. 
Beat  the  yolks  of  two  eggs  with  a  little  cold  ale  ;  put  this  mix- 
ture to  your  warm  ale,  and  pour  the  whole  several  times  from 
your  saucepan  into  a  mug.  Set  it  over  a  slow  fire;  heat  it  a  little; 
then  take  it  off  again,  and  heat  it  three  or  four  times,  till  it  is 
quite  hot,  and  then  serve  it  up  with  dry  toast. 

Ale  Conner,  an  officer  in  London,  who  inspects  the  measures 
used  in  public-houses,  chosen  by  the  liverymen  in  common-hall, 
on  Midsummer  day.  Their  places  are  now  only  regarded  as 
sinecures  for  decayed  citizens. 

ALEE,  in  sea  language,  when  the  helm  is  moved  o^'er  to  the 
sea-side,  it  is  said  to  be  alee,  or  hard  alec. 

ALEMBIC,  fig.  50,  a  chemical 
vessel,  usually  made  of  glass  or 
copper,  and  used  in  distillation. 
The  bottom  part  A  is  called  the 
cucurbit,  or  boiler  ;  B  is  the  head, 
or  capital ;  C  is  a  glass-tube, 
throughwhich  the  sublimed  sub- 
stances pass  into  I),  the  receiv- 
er. Retorts,  and  the  common 
still  worm,  have  entirely  sup- 
planted the  alembic  of  the  al- 
ch.emists. 

ALEXANDERS,     a      plant 
usually     found     growing     v\ild 
among  the  rubbi.sh   of  old   ab- 
beys ;  it  was  much  esteemed   by  the  monks  :  and  to  the  poor 
who  use  it,  allords  a  wholesome  article  of  food. 

ALGA,  in  Botany,  lichen  ;— Amis., flags,  one  of  the  seven 
natural  families  into  which  the  whole  vegetable  kingdom  is 
divided  by  Linnxus:  they  are  properly  plants  whose  roots, 
leaves,  and  stems,  are  all  one  ;  as  sea-weeds,  &c. 

ALGAROTH,  an  oxide  of  antimony,  obtained  by  wa.shingthe 
butter  of  oxymuriate  with  pure  water. 

ALGEBR.V.  the  science  of  .Vnalysis,  which,  reasoning  upon 
quantity  or  number  by  sjmbols,  examines  in  general  all  the  dif- 
ferent methods  and  cases  that  can  exist  in  the  doctrine  and  cal- 
culation of  numbers.  We  have  no  records  w  hich  enable  us  to 
determine  any  thing  with  regard  to  the  date  or  author  of  thisvery 
important  science;  having  arisen,  in  all  probability,  like  most 
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others,  by  such  slow  and  imperceptible  degrees,  that  were  we  ia 
possession  of  all  the  writings  of  the  ancients,  it  would  perhaps 
be  difficult  to  draw  a  line,  so  as  to  determine  the  precise  com- 
mencement of  the  algebraic  art.  The  analytical  method  of 
investigating  problems  must  have  suggested  itself  very  early 
to  mathematicians.  Those  unknown  quantities  which  are  now 
represented  by  letters,  were  in  the  infancy  of  this  science  pro- 
bably expressed  by  their  names  at  full  length,  and  every  ope- 
ration performed  upon  them,  as  addition,  subtraction,  mulli- 
plication,  &c.  were  expressed  in  the  same  manner.  But  it 
would  soon  be  found,  that  in  this  way  a  useless  and  tiresome 
repetition  of  the  same  words  would  occur  in  the  most  simple 
problems,  whence  we  may  easily  conceive,  how  tlie  idea  of 
expressing  quantities  by  letters  first  arose,  which  was  by  sub- 
stituting the  initial  of  the  word  for  the  word  itself:  the  several 
operations  were  soon  after  represented  in  the  same  way  ;  and 
thus  by  successive  improvements  arose  this  noble  and  compre- 
hensive science,  which  in  its  present  state  does  honour  to  the 
inventive  genius  of  man. — Algebra  is  naturally  divided  into 
numeral,  and  specious  or  literal. 

Numeral  Algebra,  is  that  which  is  chiefly  concerned  in  the 
solution  of  numeral  problems,  and  in  which  all  the  given  quan- 
tities are  expressed  by  numbers. 

Specious  or  Literal  Algebra,  is  that  commonly  used  by  the 
moderns,  in  which  all  quantities,  whether  known  or  unknown, 
are  expressed  by  general  characters,  as  letters,  &c.  in  conse- 
quence of  which  general  designation,  all  theconclusions  become 
universal  theorems  for  performing  every  operation  of  a  similar 
nature  with  that  for  which  the  investigation  was  instituted. 
Every  figure  or  arithmetical  character  has  a  determinate  and 
individual  value  ;  as,  for  example,  the  figure  4  always  repre- 
sents one  and  the  same  number,  namely,  the  collection  of  four 
units:  algebraical  characters,  on  the  contrary,  must  be  general, 
independent  of  any  particular  signification,  and  proper  to 
represent  all  sorts  of  quantities,  according  to  the  nature  of  the 
questions  to  which  they  are  applied:  farther,  they  must  be  sim- 
ple, and  easy  to  describe,  so  as  not  to  be  troublesome  in  ope- 
ration, or  fatiguing  to  the  memory.  These  advantages  meet 
in  the  letters  of  the  alphabet,  which  are,  therefore,  usually 
adopted  to  represent  magnitudes  in  algebra.  In  algebraical 
inquiries,  some  quantities  are  assumed  as  known  or  given ;  and 
others  are  unknown  and  to  be  found  out :  the  former  are  com- 
monly represented  by  the  leading  letters  of  the  alphabet,  a,  b, 
c,  d,  &c.  ;  the  latter  by  the  final  letters,  w,  x,  y,  z.  Though  it 
often  tends  to  relievo  the  memory,  if  the  initial  letter  of  the 
subject  under  consideration  be  made  use  of,  whether  that  be 
known  or  unknown :  thus  r  may  denote  a  radtus,  h  a  base,  ;>  a 
perpendicular,  s  a  side,  d  density,  m  mass,  &c.  The  charac- 
ters used  to  denote  the  operations  are  principally  these : 

-|-  signifies  addition,  and  is  named  ;)/ks. 

—  signifies  subtraction,  and  is  named  minus. 

X  denotes  multiplication,  and  is  named  into. 

-i-  denotes  division,  and  is  named  bij. 

^  the  mark  of  radicality  denotes  the  square. 

^  the  cube  root. 

::z  equality,  equal  to 

:  :  :  :  proportion. 
Numbers  are  connected  with  the  Algebraic  symbols  in  two  ways, 
viz. :  7x.  a',  signifying  7  times  x,  and  the  second pawer  of  x.  The 
figure  7  before  the  x  is  called  a  co-efficient,  and  shews  how  often 
X  is  taken  ;  the  figure  2  on  the  shoulder  of  x  is  called  an 
index  or  exponent,   and  denotes  the  power    of    the    letter  it 

belongs  to.  If  the  exponent  be  a  fraction  as  x',  x',  it denot's 
the  Q  root,  or  cube  root  of  x.  Like  quantities  are  expressed  by 
the  same  letters  with  the  same  indices,  as,  o.  Go,  7 a ;  tmlilte 
quantities  consist  of  dilVerent  letters,  as,  a  and  b,  or  2  a  and  n'. 
Simple  quantities  are  composed  of  one  term  only,  as,  a,  h,  Onb, 
7ax',  Sec.  Compound  quantities  consist  of  several  terms,  con- 
nected by  the  sign  phis  or  minus ;  as  a  -f  i,  7ax  —  36,  :jni  -f 
(< — 'c,  &c.  Positive  or  affirmative  quantities  are  such  as  have 
the  sign  -|-  before  them,  as,  +  a.  -{-  6xy.  Negative  quantities 
are  those  which  have  the  sign  —  before  them,  as,  —  a,  —  fix;/. 
Like  sif/ns  are  all  affirmative  (  +  ),  or  all  negative  (  —  ).  Unlike 
«jjw  are  composed  of  affirmative  (  +  )  and  negative  ( — )  signs. 
A  binomial  quantity  consists  of  two  terms,  as,  a  -f  4 ;  a  tririo- 


mial  of  three  terms,  as,  a  -f  i  —  b ;  and  a  quadrinomial  of  four, 
as  a  -|-  6 —  c  -\-  d,  &c.  A  residual  quantity  is  a  binomial,  ku 
which  one  of  tlie  terms  is  negative,  as,  a  —  b.  A  surd  or  irra- 
tional quantity  has  no  exact  root,  as,  .ya.  or  v'a',  or  abi.  A 
rational  quantity  bas  no  radical  sign  (,/)  or  index  annexed 
to  it,  as,  a  or  ab.     The  reciprocal  of  any  quantity  is  that  quantity 

inverted,  or  unity  divided  by  it,  as,  -—  is  ^,   and  of  —    is  — 

la  b  a  > 

— For  the  several  operations  in  Algebra,  as  addition,  mdltipU- 
cation,  &c.  see  the  several  articles. 

ALGENEB,  a  fixed  star  of  the  second  magnitude  in  the  con- 
stellation Perseus.  Algol,  a  star  of  the  third  magnitude,  in 
the  same  constellation. 

ALIAS,  in  Law,  a  second  or  further  writ  issued  from  the 
courts  of  Westminster,  after  a  capias,  &c.  has  been  sued  out 
without  effect. 

ALIEN,  in  Law,  a  foreigner,  one  not  within  the  king's  alle- 
giance. 

ALIENATION,  the  act  of  making  over  a  man's  property 
in  lands,  &c.  to  another. 

Alienation,  in  Mortmain,  bequeathing  lands  to  a  body 
politic,  by  the  king's  license,  else  the  property  becomes  for- 
feited. 

ALIOTH,  a  star  in  the  constellation  of  the  Great  Bear, 
much  used  for  finding  the  latitude  at  sea. 

ALIQUOT  Part,  (from  aliquotus,  any  number  of  times,)  is  such 
a  part  of  a  number  as  is  contained  in  it  a  certain  numbf  r  of 
times,  and  may  therefore  be  otherwise  considered  as  a  divisor, 
or  rather  the  quotient  arising  from  division.     See  Division. 

ALKALI,  in  Chemistry,  a  particular  class  of  salts.      The 
alkalis  at  present  known  are  these, — soda,  potass,  ammonia, 
barytes,  strontia,  lime,  and  lithium.     Potass,  soda,  and  flint, 
make  glass  :  potass,  soda,  and  oil,  make  soap,  &c.     The  alka- 
lis  are  incombustible,    soluble     in    water,    and    possess    an 
acrid  urinous  taste.     They  combine  readily  with  acids,  and 
precipitate  from  them  the  metals  with  which  they  had  been 
previously  combined.     They  change  vegetable  blues  to  green, 
red  to  violet,  and  yellow  to  brown.     Potass  and  soda  render 
oil  miscible  with  water,  and   so  form   soap.      Their  peculiar 
crystallization  when  united  with  tlint  is  obvious  in  glass. — 
Potash,  a  vegetable  alkali,  exists   completely   formed   in  the 
vegetable,  or  is  produced  during  the  operation  of  combustion. 
Potash   readily  combines   with   fat   substances,  and    renders 
them  soluble  in  water  ;  these  combinations  form  soap.     Wine 
lees  may  be  rendered  almost  entirely  into  alkali  by  combustion. 
This  alkali  is  greenish,  and  is  considered  pure.     The  combus- 
tion of  wine-stoue  also  furnishes  very  pure  alkali,  but  neutra- 
lized: it  is  known  under  the  name  of  carbonate  of  potash,  or 
salt  of  tartar.     If  potash  and  silex  are  fused  together,  the  com- 
bination forms  glass,  but  this  product  differs  in  its  properties 
according  to  the  respective  quantities  of  silex  and  potash,  of 
which  it  is  composed. — Soda,  or   the  mineral   alkali,  greatly 
resembles  potash,  and  is  obtained  from  the  ashes  of  marine 
plants;  as  sea-weed,  &c.     The  combination  of  soda,  or  potash, 
with  oils  or  fat,  forms  soap  ;   the  union  with  potash  affords  soft 
soap,  and  the  combination  of  soda  with  the  same  substances 
makes  hard  soap.     Mottled  soap  is  made  by  disposing  the  ley 
through  the  soap,  or  by  adding  to  it  a  quantity  of  solution  of 
sulphate   of  iron,   which,  by   its  decomposition,   deposits  its 
oxide  through  the  soap,  and  gives  it  a  variegated  appearance. 
In  some  manufactories,  the  black  oxide  of  manganese  is  mmle 
use  of  for  the  same  purpose.     Yellow  soap  is  made  of  tiillow 
and  resin  with  an   alkali. — Ammonia,  or  the  volatile  alkali,  is 
distinguished  from  the  former  alkalis  by  a  very  sharp  pungent 
smell,  and  by  its  great  volatility.     It  always  appears  cither 
combined,  or  in  the  state  of  a  liquid,  (liquid  ammonia.)  or  in 
the  aiirial   form,  and  then  it  is  called   anniioniacal  gas.     lt« 
compounds  are  solid  only  when   it  is  combined  with  acids. — 
liarytes  has  never  yet  been  found  free  from   all  combination. 
It  may  be  obtained  in  a  state  of  purity  by  the  calcination  of  its 
carbonate  or  nitrate,  «hich  is  the  heaviest  mineral  known.  For 
this  reason,  carhouate  of  barvtes  has  been  termed  ponderous 
spar.     To  animals   it   is  a   deadly  poison. — Strontia.  found  in 
the  state  of  a  carbonate,  that  is  so  say,  combined  with  carbo- 
nic acid,  in  a  vein  of  lead  ore,  at  Strontia,  in  Argylcsliire,  ia 
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the  western  part  of  Scotland,  is  either  of  a  bright  green  colour, 
or  transparent  and  colourless. — Lime,  c-alled  also  calcareous 
earth,  is  now  generally  considered  as  an  alkali,  as  it  possesses 
the  properties  of  that  class  of  substances  in  a  striking  manner, 
its  sparing  solubility  in  water  excepted.  It  is  found  very 
abundantly,  though  never  pure,  or  in  an  uncombined  state.  It 
is  always  united  to  an  acid,  and  very  frequently  to  the  carbonic 
acid,  as  in  chalk,  common  limestone,  marble,  calcareous  spar, 
&c.  It  is  contained  in  the  waters  of  the  sea,  is  found  in  vege- 
tftbles,  and  is  the  base  of  the  bones  and  shells  of  animals.  Its 
combination  with  sulphuric  acid  forms  sulphate  of  lime,  gyp- 
sum, or  plaster-of-paris.  With  lluoric  acid  it  constitutes  tluate 
of  lime,  or  Derbyshire  spar. — Lttldit.  For  the  discovery  of  the 
new  fixed  alkali,  lithia,  having  for  its  base  a  new  metal, 
(lithium,)  we  are  indebted  to  M.  Arfvresdon,  who  obtained  it 
from  petalite,  a  mineral  which,  by  his  analysis,  was  found  to 
be  composed  of  silica  80  parts,  alumina  17,  and  the  new  alkali 
3  parts.  It  is  extracted  from  the  petalite  by  calcining  the 
latter,  in  powder,  with  carbonate  of  barytes,  separating  the 
earths,  and  obtaining  the  alkali  combined  with  an  acid.  Its 
combinations  with  acids  are,  generally,  very  fusible.  The  sul- 
phate and  muriate  liquefy  below  a  red  heat;  the  carbonate, 
when  red-hot,  acting  violently  on  the  platinum  crucible.  The 
former  crystallizes  readily,  and  retains  no  water  of  crystalliza- 
tion ;  nor  is  their  solution  precipitable  by  muriate  of  platinum, 
or  by  tartaric  acid.  The  nitrate  crystallizes  in  rhomboids,  and 
attracts  moisture ;  the  muriate  is  highly  deliquescent  ;  the 
carbonate  is  with  difficulty  soluble  in  water;  and  when  evapo- 
rated, the  salt  crystallizes  in  slender  prisms  ;  it  has  a  greater 
capacity  for  saturating  the  acids  than  even  magnesia.  Alkalis 
are  substances  which  have  a  great  allinity  for  the  acids ;  and 
the  substances  formed  by  the  union  of  an  acid  and  an  alkali 
are  called  neutral  salts,  which  have  neither  acid  nor  alkaline 
properties. 

ALLEGEAS,  a  cotton  or  flax  stuff,  manufactured  in  the 
East  Indies. 

ALLEGIANCE,  in  Law,  tlie  lie  or  ligamen  which  binds  the 
subject  to  the  king,  in  return  for  that  protection  which  the  king 
afl'ords  the  subject. 

ALLERION,  in  Heraldry,  an  eagle  without  beak  or  feet, 
having  nothing  perfect  but  the  wings. 

ALLIGATION,  in  Arithmetic,  is  a  rule  by  which  such 
questions  are  resolved  as  relate  to  the  mixing  of  divers  mer- 
chandises, metals,  simples,  liquors,  drugs,  &,c.  of  unequal 
prices,  so  as  to  find  how  much  of  each  must  be  taken,  accord- 
ing to  the  (|uestion :  and  Alligation  is  either  medial  or  alter- 
nate. Allir/aiivn  Medial  is,  when  the  price  and  quantities  of 
several  simples  are  given  to  be  mixed,  to  find  the  mean  price  of 
that  mixture.  Rule: — ^As  the  whole  composition  is  to  its  total 
value,  so  is  any  part  of  the  composition  to  its  mean  price. 
Proof: — Find  the  value  of  the  whole  mixture  at  the  mean  rate, 
and  if  it  agrees  with  the  total  value  of  the  several  quantities  at 
their  respective  prices,  the  work  is  right. 

Example  1.  A  farmer  mixed  20  bushels  of  wheat,  at  bs.  per 
bushel,  and  30  barrels  of  rye,  at  .3*.  per  bushel,  with  40  bushels 
of  barley,  at  '2s.  per  bushel. — I  desire  to  know  the  worth  of  a 
bushel  of  this  mixture? 

20  X  5  =   100  As  96  :  288  :  :   1  :  3. 

36  X  3  =:   lOS 

40  X  2  =     80  Ans.  3s. 


96 


2H8 


Example  2.     A   grocer  mixes  30  lb  of  currants   at   4d.   per 

Jb,  with  10  lbs  of  other  currants  30  at  id 120 

at  6rf.  iier  lb. — what  is  the  value  10  at  6d....  60 

per  lb  of  this  mixture  ?  —  

40  )  180  (4 J  Ans. 


AUif/atinn  Alternate  is  when  tlie  prices  of  several  things  are 
given,  to  find  such  quantities  of  them  to  make  a  mixture,  that 
may  bear  a  price  propounded. — In  ordering  the  rates  and 
given  price,  observe, 

1    Place  them  one  under  th(r  other,  an<l  the    i      .,„^ | „ 

propounded  price,  or  mean  rate,  at  the  left-hand    /  22., ,     I     i. 
of  them,  thus,  3      .-^         jl 


2.  Link  the  several  rates  together  by  2  and  2 ;  always 
observing  to  join  a  greater  and  a  less  than  the  mean.  3. 
Against  each  extreme,  place  the  dilierenee  of  the  mean  and  its 
yoke-fellow. — When  the  price  of  the  several  simples  and  the 
mean  rate  are  given  without  any  quantity,  to  find  how  much  of 
each  simple  is  required  to  compose  the  mixture. — Huh.  Take 
the  difference  between  each  pi  ice  and  the  mean  rale,  and  set 
them  alternately,  they  will  be  the  answer  required. — Proof. 
By  Alligation  Medial. 

Example.  A  vintner  would  mix  four  sorts  of  wine  toge- 
ther, of  18rf.  20rf.  24(/.  and  28rf.  per  quart — what  quantity  of 
each  must  he  take  to  sell  the  mixture  at  22(/.  per  quart ! 


Answer.  Proof. 

1 8 2  of  1  Sd.  —     'iGd. 


22; 


,20- 
24- 

28- 


6  of  20rf.  =  120 

-14  of  24rf.  =     96 

2  of  2Srf.  =     66 


14 


)308 
22(/. 


Or  thus: 
18 

20-, 
24—1 
28 


22~ 


Proof. 
6of  18rf.  =  108(/. 
2  of  20f/.  —     40 
2  of  24f/.  =     48 
4  of28rf.  =  112 


14 


)308 
22d. 


]Sote. — Questions  in  this  rule  admit  of  a  great  variety  of 
answers,  according  to  the  manner  of  linking  them. 

Alligation  Partial  is  when  the  price  of  all  the  simples,  the 
quantity  of  but  one  of  them,  and  the  mean  rate,  are  given,  to 
find  the  several  quantifies  of  the  rest  in  proportion  to  that 
given. — Rule.  Take  the  difference  between  each  price  and  the 
mean  rate  as  before.  Then,  As  the  dilierenee  of  that  simple, 
whose  quantity  is  given,  is  to  the  rest  of  the  difference  severally, 
so  is  the  quantify  given,  to  the  several  quantities  required. 

Example.     A  tobacconist  being  determined  to  mix  20  lb.  of 
tobacco,  at  ISrf.  per  lb.  with  others  at  \(id.  per  lb.  18f/.  per  lb. 
and  22f/.  per  lb. — how  many  pounds  of  each  sort  must  he  take 
to  make  one  pound  of  that  mixture  worth  17rf.  ? 
Answer.  Proof. 


17, 


15 

Hi— 1 

5  201b. 
1     4  lb. 

at  \bd.  =:  300;/. 
at  I6r/.  =    GUI. 

As  5 
As  5 

1   : 
1  : 

:  20 
:  20 

4 
4 

18—1 

1     4  lb. 

at  18r/.  —     7-2d. 

As  5 

2  : 

:  20 

8 

22 

i     81b. 

at  22rf.  =  176rf. 

36  1b. 


612 


1  lb.  :  17(/. 


Allif/ation  Total,  is  when  the  price  of  each  simple,  the  quan- 
tity to  be  compounded,  and  the  mean  rate,  are  given,  to  find 
how  much  of  each  sort  will  make  the  quantity. — Rule.  Take 
the  difference  between  each  price,  and  the  mean  rate,  as 
before  :  then.  As  the  sum  of  the  differences  is  to  each  particular 
difference,  so  is  the  quantity  given,  to  the  (luantity  required. 

Example.  A  grocer  has  four  sorts  of  sugar,  I'ic.  12(/.  UV/, 
6d.  and  id.  per  lb.  and  would  make  a  composition  of  144  lb. 
worth  8r/.  per  lb.— I  desire  to  know  what  quantity  of  each  he 
must  take? 

Answer.  Proof. 

12 


8 


10- 
6—1 
4  — 


4     48  at  12f;.  =  576          As  12 

4  : 

:   144 

48 

2    24  at  lOd.  =  240          As  12 

2  : 

:  144 

24 

2     24  at    6d.  =  144 

4     48  at    4rf.  =  192 

2  144                  )1152(8rf. 

ALLITERATION,  a  rhetorical  ornament,  which  consists  of 
the  repetition  of  the  same  letter  at  certain  intervals  ;  as, 

"  ireave  tlie  H'arp,  and  ITeave  the  IToof." 

*'  /-'ields  ever  Fresh,  and  Groves  for  ever  Green." 

*'  JV/ountains,  ye  A/ourn  in  vain,   jf/odred  whose  .Vaglc  song.*' 

ALLIUM,  garlic,  a  plant  with  a  bulbous  root,  much  used  both 
as  seasoning  and  food.  When  bruised  and  applied  to  the  .skin, 
it  causes  inllammatiiin  and  raises  blisters.  Incases  of  dropsy, 
asthmas,  and  agues,  it  is  txccllenl,  administered  as  a  bolus,  or 
made  into  pills  ;  or  pounded  in  a  mortar,  and  a  spoonful 
taken  in  a  glass  of  milk,  lis  smell  is  good  in  female  nervous 
disorders.  Its  juice  nuikcs  the  strongest  cement  for  liroken 
glass  and  china:  pla<',ed  near  the  haunts  of  grubs,  slugs,  &.c.  in 
the  garden,  it  drives  these  vermin  away. 
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ALLOY  signifies  the  producllon  of  a  baser  metal  mixed  with 
a  finer  one.  In  Chemistry,  we  apply  the  term  to  the  union  of 
dift'erent  combinations  of  metallic  matter  ;  as,  bronze,  tombac, 
brass,  white  copper,  &c. 

ALLUVION,  in  Law,  the  gradual  increase  of  land  along  the 
sea-shore,  or  on  banks  of  rivers. 

ALMAGEST,  the  name  of  a  celebrated  work  composed  by 
Ptolemy,  and  consisting  of  ];5  books  ;  being  a  collection  of 
many  of  the  observations  and  problems  of  tiie  ancients,  relating 
both  to  geometry  and  astronomy.  It  contains  a  catalogue  of 
the  fixed  stars,  with  their  places  ;  besides  numerous  records  of 
eclipses,  the  motions  of  the  planets,  &c.:  being  the  first  work 
of  the  kind  which  has  been  transmitted  to  us,  and  is  therefore 
very  valuable  to  astronomers. 

ALMANACK,  (said  to  be  formed  of  the  Arabic  particle  al, 
and  manuh,  to  count,)  a  calendar  or  table,  in  which  are  noted 
down  all  the  most  remarkable  phenomena  of  the  heavenly 
bodies  for  the  ensuing  year  ;  such  as  eclipses,  conjunctions  and 
oppositions  of  the  planets,  risings  and  settings  of  the  sun  and 
moon,  Sec;  with  the  return  of  feasts  and  fasts. 

Nautical  Almanack  and  Astronomical  Ephemeris,  is  a  national 
almanack,  begun  in  1767,  under  the  direction,  and  by  the  advice, 
of  the  astronomer  royal,  the  late  Dr.  Maskelyne.  This  almanac, 
computed  a  few  years  forward,  for  the  convenience  of  ships 
going  out  upon  long  voyages,  for  which  it  is  highly  useful, 
contains,  besides  most  things  essential  to  general  use,  and 
which  are  found  in  other  almanacks,  many  new  and  important 
particulars,  as,  the  distance  of  the  moon  from  the  sun  and  fixed 
stars,  computed  to  the  meridian  of  Greenwich,  for  every  three 
hours  of  time,  for  the  purpose  of  computing  the  longitude  at 
sea. — The  astronomical  day  is  here  used,  which  begins  at  noon, 
and  is  twelve  hours  later  than  the  civil  day,  which  is  counted  up 
to  24  hours  ;  or  from  sun-rise  in  the  morning  to  sun-setting  at 
night,  and  from  sun-setting  at  night  till  sun-rise  in  the  morning. 

Tke  Construction  of  Almanacs  is  extremely  easy,  if  you  strip 
them  of  all  the  absurd  astrology  with  which  such  as  Moore's, 
&c.  may  be  crammed.  The  first  thing  to  be  done  is,  to  com- 
pute the  sun's  and  moon's  place  for  each  day  of  the  year,  or  it 
may  be  taken  from  some  cphemeridcs,  and  entered  into  the 
almanac.  Next  find  the  dominical  letter,  and  by  it  distribute 
the  calendar  into  weeks.  Then,  having  computed  the  time  of 
Easter,  by  it  fit  the  other  moveable  feasts  ;  adding  the  im- 
moveable ones,  with  the  names  of  the  martyrs,  the  rising  and 
setting  of  each  luminary,  the  length  of  the  day  and  night,  the 
aspects  of  the  planets,  the  phases  of  the  moon,  and  the  sun's 
entrance  into  the  cardinal  points  of  the  ecliptic  ;  i.  e.  the  two 
equinoxes  and  the  two  solstices. 

ALMOND,  the  fruit  of  the  almond-tree,  a  soft  and  pleasant- 
flavoured  kernel,  contained  in  a  flatfish  nut.  Almonds  are 
used  in  confectionary  and  cookery  ;  they  are  also  eaten  with 
raisins  in  desserts  after  dinner,  but  they  should  be  well  chewed, 
as,  like  all  nuts,  every  piece  you  swallow  entire  is  indigestible. 
The  oil  of  almonds  is  much  used  ;  their  milk  is  formed  of 
pounded  almonds,  loaf  sugar,  and  watei,  well  mixed  together, 
and  is  much  used  in  medicine. 

Almonds,  To  bum.  Put  two  pounds  of  loaf  sugar  and  two 
pounds  of  almonds  into  a  stew-pan  with  a  pint  of  water,  and 
let  them  boil  over  a  clear  fire  till  you  hear  the  almonds  crack  ; 
then  take  them  off,  and  stir  them  till  they  are  quite  dry.  Then 
put  them  into  a  wire  sieve,  and  sift  all  the  sugar  from  them. 
Put  the  vinegar  into  the  pan  again,  with  a  little  water,  and  boil 
it;  put  four  spoonsful  of  scraped  cochineal  to  the  sugar,  to 
colour  it.  Put  the  almonds  into  a  pan ;  keep  stirring  them  till 
they  are  quite  dry  :  then  put  them  into  a  glass,  and  they  will 
keep  for  twelve  months. 

ALMUCANTARS,  Almacantars,  from  the  Arabic  a/moc«)i- 
t/iarat,  are  circles  parallel  to  the  horizon,  conceived  to  pass 
through  every  degree  of  the  meridian  ;  being  the  same  as  the 
parallels  of  latitude.— Almucantar's  Staff',  was  formerly  used 
at  sea.  for  observing  the  sun's  amplitude  at  rising  or  setting. 

ALOE,  a  large  plant,  with  fleshy,  spinous  leaves,  from'  the 
centre  of  which,  magnificent  blossoms  rise  on  stems,  some 
twenty  feet,  when  the  tree  is  in  a  vigorous  state.  In  Spain, 
where  this  plant  is  cultivated  in  hedge-rows,  the  leaves  are 
used  as  scouring-paper,  or  their  essence  as  soap,  for  it  will 
lather  in  salt  or  fresh  water. 


ALOPECIA,  a  falling  ofl'  of  the  hair  from  the  head,  &c. 
either  from  some  defect  in  the  nutritious  juices,  or  by  its  vici- 
ous quality  corroding  the  roots.  A  fresh-cut  onion  rubbed  on 
the  place  till  it  be  red  and  itch,  is  said  to  cure  baldness. 

ALOPECURUS,  foxtail  grass;  one  of  the  most  productive 
plants  of  the  tribe  :  cattle  are  fond  of  it;  it  grow  s  well  in  moist 
situations,  and  being  very  early,  may  be  cut  by  the  middle  of 
May.  Two  bushels  of  seed  will  sow  an  acre,  with  about  six- 
teen pounds  of  clover. 

ALPHABET,  the  several  letters  of  a  language,  as  A,  B,  C, 

&C.  a,  /3,  y,  e. 

ALPHiENIX,  in  Medicine,  the  trivial  name  of  white  barley 
sugar.  Perhaps  the  name  makes  it  valuable  !  The  sugar  is, 
however,  good  for  colds,  and  may  be  easily  made  by  boiling 
common  sugar  till  it  becomes  easy  to  crack,  when  you  should 
pour  it  on  a  nmrble  slab,  greased  with  almond  oil,  and  then 
mould  it  into  any  figures  you  please. 

ALPHONSINE  Tabli;s,  are  astronomical  tables,  compiled 
by  order  of  Alphonsus,  king  of  Castile. 

ALPHONSIN,  in  Surgery,  an  instrument  for  extracting  bul- 
lets out  of  gun-shot  wounds. 

ALSINE,  chickweed,  the  leaves  of  which  every  night  fold 
themselves  up  in  pairs,  to  protect  the  rudiments  of  new  shoots  ; 
thus  affording  a  remarkable  instance  of  the  sleep  of  plants. 

ALT,  in  Music,  the  high  notes  of  the  scale. 

ALTAR,  fig.  51,  a  place  upon  which  sacrifices  were  anciently 
offered  to  some  deity.  The  altars  of  pagans  were  originally  of 
turf,  but  latterly  of  marble,  stone,  &c.  These  altars  were 
decorated  with  sculptures  of  the  respective  gods  to  which  they 
were  dedicated.  Altarswere  doubtless  as  ancient  as  sacrifices. 
Gen.  chap,  i  v.     The  altar  Jacob  set  up  at  Bethel  was  merely  a 


stone;  that  of  Gideon,  a  stone  before  his  house;  but,  under 
Moses,  the  people  of  Israel  had  their  altar  of  inceyise,  that  of 
burnt-nfl^erinff,  and  the  altar  or  table  for  the  shcubrearl. 

ALT* ITUDE,  in  Astronomy,  the  distance  of  a  star  from  the 
horizon  ;  which  may  be  either  true  or  apparent,  according  as 
it  is  taken  from  the  true  or  apparent  horizon. 

ALVEARIUM,  a  bee-hive;  also  the  concha,  or  hollow  of  the 
outer  ear.  ALViiOLUS,  the  cells  of  a  bcc-lii\e.  In  Anatomy, 
the  sockets  in  the  jaws,  wherein  the  teeth  are  fixed. 

ALUM,  a  clear  transparent  saline  matter,  of  a  very  austere 
and  astringent  nature,  useful  in  medicine  and  the  arts, 

ALTERNATION,  or  Permutation  of  quantities  or  things, 
is  the  varying  or  changing  the  order  of  them.   >S'fC  Permutation. 

ALTIME'l'RY,  the  art  of  taking  or  measuring  altitiiiKes  or 
heights,  accessible  or  inaccessible,  perpendicular  or  obli(|UP. 

ALTITUDE,  in  Geometry,  the  third  dimension  of  a  luidy, 
considered  with  regard  to  its  elevation  above  tlie  plane  ol  its 
base. 

Altitude  of  a  Figure.,  is  the  distance  of  its  vertex  trom  its 
base,  or  the  length  of  a  perpendicular  let  fall  from  the  vertex 
to  the  base.  Altitudes  are  divided  into  accessible  and  inacces- 
sible. Accessible  Altitude  of  an  object,  is  that  whose  base  we 
can  have  access  to,  so  as  to  measure  the  distance  between  it 
and  the  station  from  which  the  measure  is  to  be  taken.  Inac- 
cessible Altitude,  is  when  the  base  of   the  object   cannot  be 
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approarhed. — There  are  several  methods  of  measuring  the 
heij;ht  or  altitude  of  bodies,  viz.  by  Geiimetrii,  Trigonometi-i/,  by 
Optical  lleflectum,  by  means  of  the  Barnmeter,  &c.  The  instru- 
ments commonly  used  in  measuring  altitudes,  are,  the  Geome- 
trical Square,  Quadrant,  Theodolite,  and  Harris's  Telescope,  a 
description  of  eacli  of  which  will  be  found  under  the  respec- 
tive articles. 

Prol).  1,  To  measure  an  accessible  or  innccessihle  Altitude  geo- 
metrtcalli/. — Under  this  head  are  included  all  those  cases,  in 
which  the  calculation  depends  upon  pure  geometrical  prin- 
ciples, and  particularly  on  the  similarity  of  triangles,  of  which 
we  propose  to  give  an  illustration  in  the  following  examples  : 
Let  A  B  represent  an  ob- 


JFi>.52. 


r,.- 


E,- 


"hrun 


l£ 


ject,  of  which  the  altitude 
is  required.  Being  pro- 
vided witli  two  rods, 
or  staves,  of  different 
lengths,  plant  tlie  longest 
of  them,  as  F  C,  at  a  cer- 
tain measured  distance 
from  the  base  of  the  ob- 
ject.    Then,  at  a  farther 

distance,  plant  the  second  or  shorter  staff  E  D,  in  such  a  man- 
ner that  the  tops  of  the  two,  E  and  F,  may  be  in  a  line  with 
the  top  of  the  tower  B.  Then  having  measured  the  distance 
1 D,  as  also  the  length  E  D.  we  shall  have  by  similar  triangles,  as 

i  D  :  E  D  :  :  I  A  :  A  B  ; 
that  is,  by  multiplying  the  second  and  third  terms,  and  dividing 
by  the  first,  we  shall  have  the  whole  altitude  of  the  tower  B  A : 

I  A   X    ED 


that  is, 


B  A  = 


I  D 


For  example,  suppose  1  A  =:  100  feet,  I  D 

then  B  A  = 


8  feet,  and  E  D 
100  X  4  _ 


:=  4  feet,  being  the  height  of  the  staff 

60  feet,  s 

the  altitude  of  the  tower.     When  the  object  is  inaccessible,  two 

such  operations  as  the  above  must  be  resorted  to. 

Prob.  2.    To  measure   accessible  or  inaccessible   Altitudes,   liij 
means    of    their    Sha- 

doics.—ki    any    time  X$ff.53. 

when  the  sun  shines, 
plant  a  rod  a  b,  per- 
pendicularly at «,  and 
measure  the  length  of 
its  shadow,  and  im- 
mediately after  mea-  c-  c  a  c  c  a 
sure  the  shadow  of  the  proposed  object  A  B.    Then,  by  similar 

ba  X    CA 


A/ 


/ 


triangles, 


ba  :  :  C  A 


;=  AB. 


En. 


the  altitude  required.  If  the  object  be  inaccessible,  but  still 
such  that  the  difference  of  the  lengths  of  its  shadows,  ca,in, 
taken  at  two  different  times,  can  be  ascertained,  the  altitude 
may  be  found  nearly  the  same  as  in  the  last  example. 

Prob.  .3.  To  measure  accessible  or  inaccessible  objects,  hy  means 
nf  Optical  Reflection. — Place  a  mirror,  or  other  reflecting  sur- 
face, horizontally  in  the  plane  of  the  figure's  base,  as  at  C,  and 
when  the  object  is  ac- 
cessible, measure  the 
distance  C  A.  Now 
retire  back  in  the  di- 
rection AC  to  D,  till 
the  eye  observes  the  ■ 
top  of  the  object  exact- 
ly in  the  centre  of  the  "  _  ^  . 
mirror,  which,   for  the 

greater  degree  of  accuracy,  may  be  marked  by  a  lino  across  it. 
Then  having  measured  the  distance  D  C,  and  ascertained  the 
height  of  the  eye  of  the  observer,  it  will  be,  from  tho  known 
laws  of  rellection,  as 

D  C  :  D  E  :  :  C  A  :  ^^\^J^^  =  A  B, 

the  altitude  of  the  ohject  required.  When  the  object  is  inac- 
cessible, that  is,  when  the  distance  CA  cannot  be  measured, 
two  such  operations  as  that  above  must  be  employed. 


^s::^^ 


i 


Fia.SS. 


Prob.  4.  To  measure  an  accessible  or  inaccessible  object,  by 
the  Geometrical  Square  or  Quadrant,  See  QUADBANT. — having 
fixed  the  instrument  at  any  place 
C,  turn  the  square  about  the  centre 
of  motion  li,  till  the  top  of  the 
object  B  is  perceived  in  the  direc- 
tion of  the  sights  placed  on  the 
side  of  the  square  D  E,  and  note 
the  number  of  divisions  cut  off 
the  other  side  by  the  plumb  line 
EG;  then  having  measured  the 
distance  C  A,  we  have,  by  similar  triangles,  as 

CA  X    FG. 


EF:FG::CAorDH 


EF 


=  BH,  to 


which  adding  the  heigbt  of  the  observer's  eye,  DC,  we  shall  havt 

^^,f^^^  +  D  C  =  AB,  the  altitude  sought. 
E  r 

Prob.  5.  To  measure  an  accessible  object  trigonometrically . — 
Let  A  B  be  the  object  of  which  the  altitude  is 
required.  At  any  convenient  station  C,  with  Fic^SC. 
a  quadrant,  theodolite,  or  other  graduated 
instrument,  measure  the  angle  of  elevation 
A  C  B  ;  then,  having  also  measured  the  dis- 
tance C  A, we  have,  from  the  elementary  prin- 
ciples of  trigonometry,  as  / 

Rad.  :  A  C  :  :  tan.  .^ACB:AB,  *"  * 

the  altitude  required ;  or,  by  logarithms.  Log.  A  B  =:  log. 
A  C  -|-  log.  tan.  ACB  —  log.  rad.  Suppose,  for  example,  the 
distance  A  C  =  340  feet,  and  the  angle  of  the  elevation  ACB 
■=.  34°  30' ;  then,  by  the  above  formula, 

Log.  AC,  or  log.  340  =  2-5314789 
Log.  tan.  34°  30' ....  =  98371343 


Log.  radius 


12-3G86132' 
10-0000000 


Log.  B  A  :=  233-67  . .  2-3686132 


/5>57 


Prob.  6.  To  measure  an  inaccessible  object  by  two  stations. — 
Let  A  B  be  the 
object  of  which 
the  altitude  is 
required.  Take 
the   angles    of 

elevation  at  the  ,,..■ 

two  stations  D  „.--''' 

and  C,  &  mea-    -~^ 

sure    the   dis-  ^ 

tance  between  them.  The  angle  D  B  C  z:  the  difference  of  the 
tw o  measured  angles  B  CA  and  B  D  A,  (Euclid,  prop.  16,  book  1.) 
which  angle  therefore  becomes  known.     And  by  trigonometry, 

DC  X  sin.  CDB_j,jj 


as  sin.  D  B  C  :  D  C  :  :  sin.  C  D  B 


Again,  as  radius  :  C  B  :  :  sin.  ACB: 


sin.  DBC 
C  B   X    sin.  ACB 


Kad. 

B  A,  the  altitude  required.     Or  substituting,   in   the  second 
expression,  the  value  of  C  B,  we  have 

„  .    _  PCX  sin.  C  D  B.  X  sin.  ACB. 
Bad.  X  sin.  U  B  C. 

Or  h/ Logarithms.— Fvom  the  sum  of  the  logarithms  of  the 
terms  in  the  numerator,  subtract  the  sum  of  those  in  the  deno- 
minator, and  the  remainder  will  be  the  logarithm  of  the 
rcouircd  altitude  B  A. 

finniediatcly  connected  with  angles  of  altitude,  or  horizontal 
angles,  is  the  consideration  of  Mr.  Harris's  Miciometrica!  and 
Double-image  Telescope  and  Coming-up  Glass.  This  instru- 
ment is  particularly  useful  at  sea,  or  in  situations  when  it  is 
cither  difficult  or  inconvenient  to  keep  an  inslrunieni  in  a  .steady 
position,  llriice  it  becomes  an  excellent  coiuing-up  glass  for 
ascertaining  w  hcther  a  ship  is  approaching  to,  or  receding  from, 
the  observer.  In  practical  astronomy  it  is  of  very  extensive 
use,  and  as  the  minutes  and  seconds  arc,  in  some  of  the  instru- 
ments, engraved  on  the  scale,  the  ang-Ie  is  found  without  the 
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trouble  of  reduction.  The  great  length  of  the  scale 
too,  which  is  generally  equal  to  the  focal  length  of 
the  fust  object-glass,  lentleis  tlie  use  of  the  instru- 
ment very  simple.  And  we  give  this  a  place  here, 
because,  under  the  word  Telescope,  we  shall  have 
enough  to  say  ou  the  instruments  of  other  opticians, 
which  are  purely  astronomical. 

Section  I.  Description  of  the  Telescope. — This 
valuable  instrument,  fig.  58,  is  divided  into  four 
parts,  or  drawers,  of  which  the  outer  one  contains 
a  tixed  object  glass  at  A.  At  C  in  the  part  CD  is  a 
moveable  object-glass,  which  by  pushing  the  parts 
KC  and  CD  quite  in,  is  brought  into  contact  with 
the  fixed  object-glass  at  A.  In  this  position  of  the 
drawers,  distinct  vision  is  procured  by  pulling  out 
the  eye-piece  DE  ;  and  the  magnifying  power  of  the 
instrument  is  at  its  minimum  or  lowest  degree.  By 
pulling  out  the  drawer  CD,  and  afterwards  the 
drawer  BC,  the  magnifying  power  of  the  glass  is 
made  to  increase  ;  and  when  both  these  parts  are 
quite  drawn  out,  and  distinct  vision  procured  by 
re-adjusting  the  eye-piece  DE,  (which  it  will  be 
found  necessary  to  do  every  time  that  the  position 
of  either  of  the  drawers  is  altered,)  the  magnify- 
ing power  of  the  glass  is  at  its  maximum  or  greatest 
degree.  In  this  position  of  the  drawers  two  scales 
will  be  perceived  thereupon;  one  adapted  to  the 
single  object-glass  above  mentioned,  and  the  other 
to  a  divided  object-glass,  of  which  a  particular 
description  will  be  found  in  the 
last  section.  By  looking  through 
the  telescope,  or  at  fig.  59,  two 
parallel  points  a,  b,  are  seen  pro- 
jecting into  the  field  of  view,  as 
also  a  pair  of  fibres,  m  n,  op, 
which,  with  the  object-glass,  are 
essential  parts  of  the  instrument. 
For  when  it  is  required  to  mea- 
sure the  angle  subtended  by  any 
two  points  of  an  object,  in  order  to  ascertain  its  dis- 
tance from  the  observer,  it  is  necessary  that  these  points 
should  be  brought  to  coincide  exactly  with  the  steel  pins, 
which  appear  as  fixed  points  in  the  field  of  view,  as  before 
observed:  which  may  be  thus  edecled  : — Having  chosen  a  sta- 
tion which  you  think  convenient  for  the  observation,  and  two 
conspicuous  points  in  the  object,  shut  the  drawers  BC,  CD 
quite  in,  and  procure  distinct  vision  of  the  points  in  the  object, 
by  pulling  out  the  eye-piece  DE  :  the  points  in  the  object  will 
generally  occupy  a  less  space  than  that  between  the  steel  pins. 
In  order  that  they  should  coincide,  first  draw  out  the  part  CD 
until  they  are  found  to  do  so  exactly  ;  and  the  milled  ring  at 
C  will  cut  the  scale  at  the  minutes,  and  part  of  a  minute, 
which  the  angle  subtending  the  points  contain.  If  the  points 
do  not  coincide  when  the  part  CD  is  quite  drawn  out,  then 
draw  out  BC  until  coincidence  is  procured;  obtaining  distinct 
vision  as  you  proceed,  and  the  milled  ring  at  B  will  shew  you 
the  angle  as  before.  If,  when  the  drawers  are  both  shut  in,  the 
points  of  the  object  occupy  a  greater  space  than  the  steel  pins, 
you  are  too  near  the  object,  and  must  therefore  choose  two 
more  convenient  points  upon  it,  or  a  more  convenient  station 
by  receding  from  it.  If,  on  the  contrary,  when  the  drawers 
are  quite  out,  the  points  of  the  object  occupy  a  less  space  than 
the  steel  pins,  you  are  too  remote  from  the  object,  and  must 
choose  either  two  more  convenient  points  thereon,  or  a  more 
proximate  station.  Observe,  the  drawer  BC  is  in  nowise  to  be 
touched,  until  C  D  is  first  quite  drawn  out. 

Section  n.  To  ascertain  the  distance  nf  an  oljeet  either  at  sea 
or  on  land,  hi/  two  angles  and  a  base  between  them. — When  you 
are  approaching  the  object,  as  will  be  oftentimes  the  case  at 
sea,  the  first  angle  should  be  obtained  when  the  drawers  are 
nearly,  or  quite  pulled  out,  because  the  angle  will  be  increas- 
ing. But  if  you  are  receding,  the  angle  for  the  contrary  reason 
should  be  obtained  when  the  object-glasses  are  but  little 
apart.  Let  the  two  points  of  the  object  be  called  D  and  E,  and 
the  object  C,  (fig.  60,)  and  let  the  place  of  the  first  observa- 
tion be  called  B,  at  which  the  points   of  the  object  coincide 


with  the  steel  pins  a,  b,  when  the  object-glasses  are  nearly  in 
contact;  in  this  case,  measure  a  receding  base  to  A,  which 
should  be  in  a  straight  line  from  the  object,  and  not  less 
than  J  part  of  its  supposed  distance,  reckoning  from  the  object- 
glass  of  the  telescope;  and  at  this  second  station,  again  mea- 


sure the  angle  subtending  the  points  of  the  object.  Then  to  find 
the  less  distance  BC  ; — Multiply  the  base  by  the  less  angle, 
divide  the  product  by  the  difl'erence  of  the  angles.  The  quo- 
tient will  be  the  less  distance.  To  which  adding  the  base,  you 
will,  if  it  be  wanted,  obtain  the  greater  distance.  If,  by  reason 
of  the  distance  of  the  object,  the  steel  pins  cannot  be  conve- 
niently used,  the  parallel  fibres  may  be  taken  instead,  as  the 
ratio  of  the  angles,  determined  as  above,  will  answer  the  same 
purpose  as  the  angles  themselves,  when  obtained  from  the  coin- 
cidence of  the  steel  points  0,4,  with  D,  E,  in  the  object. 

Example  1. — Wanting  to  know  my  distance  from  a  fortifica- 
tion, I  found  the  angle  subtended  by  two  prominent  points 
thereupon  to  be  180  minutes,  then  receding  150  yards  in  a 
straight  line,  I  again  found  the  angle  subtending  these  points 
was  140  minutes. — Now  to  find  the  distances  :  We  have  the 
greater  angles  180',  less  angle  140',  their  difference  40'. 

Length  of  the  base 150  yards. 

Less  angle 140 

6000 
150 

Difference  of  angles.  ..4,0)2100,0 

Less  distance 525    yards. 

Add  the  base 150 

Greater  Distance 675    yards. 

E.i-dmple  2. — Standing  in  shore  by  night  towards  the  Lizard, 
I  observed  that  the  angle  subtending  the  two  lights  was  40* ; 
then  standing  in  a  direct  course  IJ  mile  nearer  per  log.  I  again 
observed  the  angle  to  be  4G', — required  my  distance  from  the 
light  at  the  place  of  the  last  observation.  Here  greater  angle 
46,  less  angle  40,  their  difl'erence  6  minutes. 

Length  of  the  base 1 J 

Less  angle 40 

Difference  of  angles  divisor 6)60 

Less  distance 10    miles  required 

Add  the  base 1 J 

Greater  distance llj 

Section  rii.^ — To  obtain  the  distance  of  a  given  point  from 
any  place,  when  the  ine<|ualities  of  the  ground,  or  proximity  to 
an  enemy's  guns,  render  it  impracticable  to  measure  a  base  from 
that  point.  Let  M  be  the  given  point,  and  C  the  place  whose 
distance  is  wanted,  (see  fig  61.)     Let  also  a,  b,  be  two  con- 


spicuous points  upon  that  place. 
I 


Take  two  stations,'A  aiid  B, 
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beyond  the  reach  of  the  guns  ;  but  in  tlie  same  straight  line 
with  MC,  and  by  measuring  the  base  AB  and  the  angles  aMb. 
aXb,  find  as  in  the  last  section  one  whole  distance  AC.  Then 
at  the  point  M  take  the  angle  a  M  J,  so  will  the  distance  MC 
1)C  a  fourth  proportional  to  the  angles  and  base,  that  is,  angle 
aMb:  angle  a  A  6  :  A  C  :  M  C.  To  find  M  C  therefore,  multi- 
ply the  greater  distance  by  the  angle  measured  at  the  greater 
distance  ;  divide  the  product  by  the  angle  at  the  given  point, 
and  the  quotient  will  be  the  distance  required. 

Example. — Wanting  to  know  the  distance  of  a  point  M,  fig. 
61,  from  a  tower  C,  and  circumstances  preventing  my  mea- 
suring a  base,  I  took  two  remote  stations,  A  and  B,  but  in 
the  same  vertical  plane  with  M  C,  and  distant  from  each  other 
2o0  yards,  at  which  I  measured  the  angles  A  and  B,  subtended 
by  two  conspicuous  points  o,  t,  upon  the  tower:  the  angle 
n  A  6  =  60',  and  a  M  h  zz.  91' :  and  at  M,  I  measured  the  angle 
n  Mim:  205',  required  the  distance:  First  angle  B=  92,  and 

A  =z  60  their  difl".  =  32' ;  and  angle  B  5i2iwp—  base  719  yards 
A  C  by  the  last  section  ;  then  angle  M,  angle  A  :  :  A  C  :  M  C  ; 
or  205' :  60' :  :  719  :  210,4  yards. 

Or  as  angle  M 205'  arith.  com.  log.  7,68825 

Is  to  angle  A 60'        log 1,77S15 

So  is  AC 719         log 2,85673 


ToMC 210,4         log 2.;?2313 

Working  by  logarithms,  which  in  general  will  be  found  the 
most  expeditious  method. 

Section  iv.  To  meusure  the  height  of  an  accessible  object. — Let 
B  A  (fig.  62.)  be  an  accessible  object ;  then  from  a  point  B,  as 
near  as  possible  to  the  vertical  line  C  B  A,  measure  the  angle 
uBb,  subtended  by  two  conspicuous  points  at  the  summit  of  the 
object ;  measure  also  the  angle  aC  l>,  subtended  by  the  same 


points,  as  seen  from  another  station  C,  and  measure  the  base 
C  B.  Then  to  find  the  perpendicular.  Square  the  greater 
and  less  angles,  take  the  dilTerenee  of  the  squares,  and  the 
square  root  of  this  difference.  Multiply  the  greater  angle 
by  the  base,  and  divide  the  product  by  the  square  root  just 
found  ;  the  quotient  will  be  the  perpendicular  height  required. 
Or,  if  the  Ilypothenuse  A  C  be  wanted  :  Multiply  the  less 
angle  by  the  base  for  a  dividend,  and  divide  by  the  square 
root  above,  and  the  quotient  will  be  the  answer. 

Example  .-—Wanting  to  know  the  height  of  a  tower,  (fig.  62,) 
T  measure  from  a  point  B  near  its  base,  the  angle  subtended  by 
two  points  a  and  4  at  its  summit,  which  was  150  m.  I  then  mea- 
sured 56  yards  to  a  point  C,  and  again  took  the  angle  between 
the  points,  and  found  it  180  minutes. 

Here  the  greater  angle. .  . .     180    Tlic  less  angle 105 

180  105 


14400 
180 


S(ir.  of  Gr.  angle. 
Sqr.  of  less  angle 
DJff.  of  square. .. . 


r>25 

10.50 

1102;j 


.32400 

.11025  

.21375  (146,  2  root 

1  Greater  angle 180 

Base 50 


24)113 
96 


1080 
900 


286)1775 
1716 


2922).5900 
5844 


140,2)10080 
Perpcn.  08,95 


66,  &c. 


It  is  obvious  that  this  question,  even  in  its  most  simplp 
state,  may  be  more  readily  performed  by  logarithms. 

Thus,  greater  angle 180     Log.     2,25527 

2 

Square  of  gr.  angle 32400  4,51054 

Square  of  less,  angle 1 1025 

Difl'.  of  Squares 21375 

Less,  annle 105     Log.     2,02119 

2 

11025     Log.     4,04238 

Diff.  of  Square  Log 2)4,32990 

Square  root  Log 2,16495  ar.  co.  log.  7,83505 

Logarithm  of  Gr.  angle 2,25527 

Logarithm  of  Base 1,74819 

The  perpendicular  required  08,95  Log.  1,83851 
Section  v.  To  ascertain  the  distance  of  a  known  magnitude. — 
Let  the  distance  between  two  points  D  and  B  (fig.  60.)  of  a 
distant  object  he  known,  then  by  choosing  a  station  at  B,  so 
situated  that  the  line  joining  these  points  may  be  at  right 
angles  to  the  axis  of  the  telescope,  and  measuring  the  an;^!e 
subtending  these  points  as  seen  from  B,  we  have,  for  ascer- 
taining the  distance  of  B,  from  the  object,  the  following  Trigo- 
nometrical Theorem:  Tangent  angle  B:  DE::  radius:  the 
distance.  Or  to  the  Cotangent  of  angle  B  add  the  logarithm  of 
D  E;  the  sum,  rejecting  10  in  the  index,  will  be  the  logarithm  of 
the  distance. 

Example. — Seeing  a  ship,  the  height  of  whose  main-top-gal- 
lant mast  head  I  take  to  be  150  feet,  or  50  yards  above  the 
water's  edge,  I  measure  the  angle  subtended  by  tlicso  points, 
which  is  43  min. — what  is  my  distance  from  her? 

Here  angle  B 4:3'  Log.  Cotangent    11,90278 

Dist.  of  points 50    Log 1,09897 

Distance 3997   Log 3,60175 

So  my  distance  from  the  ship  is  3997  yards,  or  2^  miles  nearly. 

Note. — After  any  given  interval  of  time  you  may  again 
observe  whether  the  points  are  sllU  in  coincidence:  if  they  are, 
the  angle  remaining  unaltered  shews  clearly,  that  you  are  both 
sailing  at  the  same  rate  if  they  do  not  still  eolnelde  ;  but  the 
steel  pins  occupy  a  greater  space  than  the  points  of  the  ship, 
the  angle  is  decreasing,  and  you  are  dropping  astern  ;  but  if 
the  points  of  the  ship  occupy  a  greater  space,  you  are  coming 
up;  and  may,  liy  another  observation,  determine  at  what  rate. 
It  may  be  necessary  here  to  observe,  that  any  two  points  may 
lie  taken  for  the  above  purposes,  provided  that  their  distance 
from  each  other  is  known,  and  their  position  such,  that  a  line 
joining  them  may  be  at  right  angles  to  the  axis  of  the  tele- 
scope :  for  w  hich  reason  the  points  upon  the  masts  are  to  be 
preferred  to  those  upon  the  yards,  being  less  liable  to  vary 
their  position. 

Section  VI. — It  has  been  hitherto  supposed  that  the  single 
object-glass,  with  the  steel  pins,  has  been  used  in  the  obser- 
vation;  these  however  are  liable  to  an  inconvenience  at  sea  ; 
which,  although  it  will  be  overcome  by  practice,  may  not  here 
be  overlooked :  for  when  the  two  points  of  an  object  are 
brought  into  contact  with  the  steel  pins,  the  slightest  motioti 
or  tremor  of  the  hand  will  again  displace  them,  and  thereby 
render  the  observation,  to  a  beginner  especially,  exceediiigly 
tedious.  These  Inconveniences  may  however  be  entirely 
obviated,  by  substituting  the  divided  object-glass  for  the 
single  moveable  one  at  C  in  the  Inslrunieut ;  and  of  which  the 
following  description  is  submitted  to  notice: — The  divided 
object-glass  consists  of  two  semilenses,  whose  centres  are 
invariahly  distant ;  when  it  is  used,  by  looking  through  the 
telescope,  two  images  of  the  object  will  appear  upon  the  field 
of  view,  which  by  turning  the  telescope  gently  upon  Its  axis, 
will  appear  to  revolve  about  each  other,  being  quite  separate, 
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if  tte  oliject  iloes  not  occupy  more  than  one-tliird  of  the  field  of 
view  ;  but,  if  otherwise,  the  !mag:es  will  overlap  each  other  iu 
a  greater  or  less  degree.  Now,  suppose  the  object  A  C  Jl  D, 
iig'.  63,  to  be  that  under  observation:  then,  if  it  be  required,  to 
measure  the  angle  subtended  by  the  part 
A  B  of  the  object;  first  draw  out  CD, 
and  afterwards,  if  necessary,  the  part 
B  C,  until  the  points  a  and  h  of  one 
image  exactly  coincide  with  their  corre- 
sponding point  A  and  B  of  the  other; 
and  the  index  at  C  or  B  will  point  out 
the  measure  of  the  angle  subtended  by 
these  points,  upon  the  scale  for  the  di- 
vided object-glass.  If  it  were  required 
to  measure  the  angle  subtended  by  the 
points  B  and  D  of  the  object,  it  would  be  evidently  necessary 
to  adjust  the  drawers,  until  the  point  rf  coincided  with  its  eor- 
rcspouding  point  D.  It  will  be  found,  that  the  images  liave 
(lifl'erent  degrees  of  distinctions  in  dilVerent  parts  of  the  field; 
but  it  will  be  easy  to  make  any  part  of  an  image  more  distinct 
than  another,  by  changing  its  place  in  the  field  of  view,  and  it 
will  contribute  to  the  accuracy  of  the  observation,  to  bring  the 
part  of  the  image  where  the  contact  is  to  be  obseived,  into  tlie 
centre  of  the  field,  it  being  the  part  wliere  the  points  of  contact 
will  be  most  distinctly  seen.  As  a  coming-up  glass,  the  divided 
object-glass  possesses  an  eminent  superiority  over  the  single 
one,  by  reason  of  the  steadiness  with  which  the  observation 
may  be  made  :  for  any  two  points  being  brought  into  contact, 
neither  the  tremors  of  the  hand,  nor  even  the  motion  of  the 
vessel,  will  displace  them  ;  its  use  may  be  illustrated  as  fol- 
lows :  When  a  vessel  is  seen  at  a  distance,  it  subtends  a  cer- 
tain angle  at  the  eye  of  the  observer  ;  if  the  distance  increases, 
the  angle  will,  of  course,  proportionally  diminish,  and  the  con- 
trary. Now,  if  the  vessel  be  viewed  through  the  double-image 
telescope,  and  if  the  drawers  be  adjusted  until  the  two  images 
of  the  whole,  or  a  part  of  the  vessel,  be  brought  into  contact ; 
the  index  will  cut  the  scale  in  the  angle  subtended  by  the  whole, 
or  that  part.  If  the  images  continue  in  contact,  the  distance  of 
the  vessel  must  have  remained  the  same  ;  but  if  the  images 
have  separated  from  each  other,  the  vessel  niust  be  receding 
from  the  observer,  and  the  proportion  of  the  distances  may  be 
found  by  again  bringing  the  images  into  contact,  finding  thereby 
the  angle  anew,  and  thence,  by  the  2d  or  5th  section,  the  dis- 
tance at  the  time  of  each  observation.  It  may  be  also  observed, 
that  the  object,  or  portion  of  an  object,  whose  angle  is  to  be 
measured  by  means  of  the  double-image  telescope,  should  be 
chosen  as  luminous  as  possible  ;  or,  when  it  can  be  ohlained.  it 
should  be  a  dark  object  with  a  light  ground,  such  as  the  top  of  a 
building  with  a  sky  behind  it :  and  in  measuring  inaccessililc 
distances,  as  by  section  2,  the  two  images  of  tlie  object  DE 
should  appear  separate,  but  as  near  as  possible,  when  the 
observer  is  at  B,  and  when  the  object-glass  and  semi-lenses  are 
in  contact. — To  facilitate  the  observation,  this  instrument  is 
sometimes  constructed  with  one  drawer  instead  of  the  two, 
B  C,  C  D,  which,  with  the  eye-piece,  is  adjusted  by  means  of  a 
rack  and  pinion  upon  each,  the  telescope  being  supported  upon 
a  stand;  and  when  it  is  intended  (o  change  tlie  object-glasses 
in  the  instrument  thus  constructed,  it  will  be  necessary,  in  order 
to  come  at  the  moveable  object-glass,  to  screw  oil"  the  top  part 
of  the  instrument  about  4  inches  below  the  principal  object- 
glass,  having  first  adjusted  the  drawer  quite  in.  And  lo  cor- 
rect any  variation  which  may  occur  in  the  sight  of  dilTcrent 
observers,  an  adjustment  to  the  stop  is  fixed  upon  the  pipe 
containing  the  two  first  eye-glasses,  by  moving  which,  until  the 
points  and  fibres  are  seen  the  most  distinctly,  the  instrument 
will  be  adjusted  to  the  particular  eye  of  the  observer. — We 
have  here  given  a  brief  description  of  this  valuable  instrument, 
its  uses  and  qualities,  and  trust,  that  upon  trial,  it  will  be 
found  to  exceed,  rather  than  fall  short  of,  the  properties  altri- 
buted  to  it.  The  examples  which  are  introduced  in  the  dill'e- 
rent  sections  for  the  purpose  of  illustration,  as  well  as  the  rules 
for  working  them,  are  applicable  to  either  the  single  or  divided 
image  glass;  and  the  principles  upon  which  these  rules,  as  well 
as  the  instrument  itself,  are  constructed,  are  demonstrated  at 
large  in  Dr.  Brewster's  Treatise  upon  New  Optical  and  Philo- 
sophical Instruments. 


Analogous  to  the  foregoing,  is  th.c  Jlicromelfical  Telescope, 
which  possesses  all  the  advantages  of  the  common  telescope, 
is  of  great  use  for  military  and  naval  purposes,  and  likewise  in 
surveying,  and  practical  astronomy.  The  object  of  it  is  to  mea- 
sure angles  and  distances,  which  it  does  with  great  facilitv 
and  accuracy.  From  the  nature  of  its  construction,  it  has  also 
the  properties  of  an  excellent  microscope.  This  ingenious 
instrument,  being  formed  with  sliding  tubes,  is  very  portable 
and  convenient,  and  will  be  found  extremely  useful  to  military 
gentlemen  and  others,  who  may  wish  to  ascertain  distances 
without  a  more  cumbersome  apparatus. — Those  of  our  readers 
who  already  possess  achromatic  telescopes,  may  have  them 
converted  into  this  instrument  at  a  trifling  expense. 

ALYSSUM,  madwort,  a  plant  which  was  believed  to  have 
the  property  of  curing  madness. 

AMABYR,  an  old  British  word,  signifies,  "  the  price  of  tir- 
rjinity,"  and  expresses  a  barbarous  custom  which  formerly  pre- 
vailed in  several  parts  of  England  and  W'ales,  being  a  sum  of 
money  paid  to  the  lord,  when  a  maid  was  married  within  his 
lordship. 

AMADOW,  the  pyrotechnical  sponge,  a  kind  of  black  tin- 
der, made  of  a  species  of  fungus  or  mushroom  that  grows  upon 
the  bark  of  trees  in  Germany. 

AMALGAM,  mercury  united  with  some  metal. 

AMAUROSIS,  a  deprivation  of  sight,  the  eye  remaining  fair, 
and  seemingly  unaffected. 

AMBE,  an  instrument  used  by  surgeons  for  reducing  dislo- 
cated bones. 

AMBER,  a  bituminous  substance,  highly  electric,  and  much 
used  in  medicine  and  the  arts. 

AMBERGRIS,  or  Gray  Amber,  is  found  swimming  in  the 
Atlantic;  on  the  coast  of  Brazil;  in  the  East  Indian  archi- 
pelago, &c.  and  sometimes  in  the  belly  of  the  spermaceti  w  hale. 

AMBIENT,  a  term  applied  to  fluids  that  encompass  others 
on  all  sides,  as  the  air,  a  llame,  &c. 

AMBIT,  in  Geometry,  the  perimeter  of  any  figure. 

AMBLE,  the  pace  of  a  horse  when  his  two  legs  on  one  side 
move  at  the  same  time. 

AMBUSCADE,  a  place  where  soldiers  may  lie  concealed 
till  they  find  an  opportunity  to  surprise  the  enemy. 

AMERCEMENT,  in  Law,  a  pecuniary  punishment,  imposed 
on  oftenders  at  the  mercy  of  the  court. 

AMERICA,  the  largest  of  the  four  quarters  of  the  globe, 
extends  from  the  36th  degree  of  south  latitude  to  the  unknown 
regions  within  the  arctic  circle,  and  from  the  55th  to  the  165tli 
degree  of  west  longitude.  Its  length  is  nearly  10,000  miles,  and 
its  medial  breadth  about  2000.  America  was  discovered  by 
Christoval  Colon,  (or,  as  the  Latin  writers  of  the  time  call  him, 
Christopher  Columbus,)  in  four  successive  voyages:  on  the  12th 
of  October,  1492,  he  discovered  the  isie  of  San  Salvador;  in  149.3, 
the  Caribbee  Islands ;  in  1498,  the  continent  adjacent  to  the 
Orinoco ;  and  in  1502,  a  great  part  of  the  continent  around 
Porto  Bello.  Amerigo  Vespucci,  a  Florentine,  and  a  man  of 
science,  who  accompanied  Colon,  published  the  first  account 
of  the  New  World,  and  thus  gave  it  his  own  name  corrupted 
into  America. — America  is  divided  into  two  parts,  called  North 
and  South  ;  and  these  are  again  subdivided  into  separate  king- 
doms and  states. 

North  Ameiuca  is  bounded  on  the  north  by  the  unexplored 
Arctic  regions;  on  the  west,  l)y  the  Pacific  Ocean  and  Beli- 
ring's  Strait ;  on  the  south,  by  tlie  Gulf  of  Mexico  ;  and  on  the 
east,  by  the  Atlantic  Ocean  ;  that  is  to  say,  from  75°  north  lati- 
tude, to  72°  norlii  latitude  ;  or  ()4i°,  being  3870  geographical 
miles;  and  from  55°  to  105°  west  longitude,  or  WOP,  being 
33tl0  geographical  miles,  taking  the  number  of  miles  at  thirty  in  a 
degree  of  longitude  at  latitude  60°.  The  climate  is  very  various  ; 
but  in  general,  summer's  heat  and  winter's  cold  are  more  intense 
tiian  in  most  parts  of  the  continents  of  Europe  and  Asia.  The 
centre  of  North  America  is  a  vast  fertile  plain,  w  atcred  bv  many 
rivers.  The  seas  adjacent  to  North  America  are  Ualhn's  Bay, 
Hudson's  Bay,  the  gulfs  of  California  and  Mexico,  and  the  St. 
Lawrence.  The  lakes  are,  Superior,  Michigan,  Huron,  and  Slav  e 
lake,  between  Can:-da  and  the  United  S(:>lcs.  The  rivers  are, the 
St.  Lnwrcnce,  the  Missouri  or  Missis-;ippi,  I\io-15ravo,  the 
Ohio,  Red-River,  and  the  Mackenzie.  The  mountains  are,  the 
Stony  Mountains,   the  Apalachian  Chain,  the  Iron  and  White 
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Oak  Mountains.      These  ridges  are  usually  marked  on  good 
maps. 

South  America  extends  along  G6°  of  latitude,  or  3960  geogra- 
phical miles  ;  and  its  breadlli  is  48°,  or  2880  geographical 
miles,  reckoning  from  Cape  Blanco  in  the  west,  to  Cape  St. 
Roque  in  the  east.  Many  parts  of  this  vast  continent  aic 
aboriginal  and  impenetrable  forests,  vast  saline  plains,  regions 
flooded  by  inundations  ;  and  from  the  summits  of  the  Andes, 
covered  with  eternal  snow,  to  the  torrid  plains  on  the  sea- 
coast,  every  climate  is  perceptible.  The  lakes  arc,  Maracaybo 
in  the  north,  100  miles  in  diameter;  Parima  is  100  miles  long, 
and  50  broad;  lake  Titicaca  is  in  Peru;  and  iu  Chili  is  the 
lake  of  the  Telmels.  The  rivers  are  those  of  the  Amazons,  or 
Maranon,  the  largest  river  iu  the  world  ;  Rio  de  la  Plata  ;  the 
Orinoco  ;  the  Magdalena,  running  north  to  the  Caribbean  sea  ; 
St.  Francis  in  Brazil,  &:c.  The  mountains  arc  the  Andes, 
•20,-280  feet  above  the  level  of  the  sea,  and  4,600  miles  long.  A 
chain  proceeding  from  west  to  east,  at  nine  or  ten  degrees 
north  of  the  equator.  The  mountains  of  Parima,  or  the  chain 
of  the  Cataracts  of  Orinoco,  from  3°  to  7°  north  latitude.  Tlie 
chain  of  Chiquitos,  between  15°  and  20°  6f  south  latitude. 
Between  these  three  great  ridges,  three  immense  valleys  open 
to  the  east,  bat  shut  to  the  west,  extending  from  the  Andes 
to  the  shores  of  the  Orinoco,  Amazons,  and  Buenos  Aj  res.  Of 
these  plains,  that  of  Amazons  is  covered  with  impenetrable 
forests  ;  while  those  of  Orinoco,  and  Pampas,  or  Buenos  Ayrcs, 
are  grassy  valleys  or  savannas,  so  level,  that  for  800  square 
leagues,  no  elevation  or  inequality  can  be  seen. 

North  America. — The  United  States  of  America  occupy 
that  portion  of  North  America  which  lies  between  the  Missis- 
sippi on  the  west,  the  lakes  and  the  St.  Lawrence  on  the  north, 
and  the  Atlantic  and  the  Gulf  of  Florida  wash  their  eastern 
and  southern  extremities.  The  population  is  above  12  mil- 
lions, including  1,200,000  slaves!  And  it  is  Inferred,  that  the 
population  of  this  country  doubles  itself  every  twenty  years. 
States.       lieltttiie  Situations.  Towns. 

~1 


N. 


Main 

New  Hampshire 

Vermont,  u-est  of  New  J 

Hampshire 'i 

Massachusetts 

Rhode  Island 

Connecticut 

New  York 

New  Jersey i,    j^ 

Pennsylvania,  west,  of  )     '' 

New  Jersey i 

Delaware 

Maryland 

Territory  of  Columbia. 

Virginia 

North  Carolina 

South  Carolina. ...... 

Georgia 


S.W. 


Portland. 
Portsmouth. 

Bennington. 

Boston. 

Newport. 

Newhaven. 

New  York,  Hudson's  River. 

Trenton,  on  the  riverDelawai  e 

Philadelphia,  on  Delaware. 

Dover,  on  Delaware  Bay. 

Annapolis, or  Chesapeak  Bay. 

Washing  roN,onriv.Potoinac 

Richmond,  on  James's  River. 

Newbern,  Nase  River. 

Charleston. 

Savannah,on  SavannahSound 


Baclt  Settlements. 


Indiana ) 

Franklinia S 

Western  Territory  . .  .  .  -j 

Kentucky f 

Tennessee j 


N.to 
.S.  W. 

N. 
to  S. 


Clarksburg. 

Knoxville,  on  river  Tennessee. 

Clarksvillc,  on  the  river  Ohio. 

Lexington. 

Nashvil'.e,on  CumberlandRiv. 


The  Aborigines  (wild  and  rude  tribes  of  savages)  occupy  all 
the  part  between  Georgia  and  the  river  Mississippi. — The 
government  is  vested  in  a  president,  chosen  every  four  years, 
and  two  councils  or  senates ;  the  members  of  the  superior 
senate  being  chosen  every  sixth  year,  and  those  of  the  inferior 
every  second  year.  The  president  is  a  democratical  kin;/,  in 
whom  the  excculive  government  is  vested.  Each  province  lias 
its  government  or  senate,  consisting  of  a  house  of  representa- 
tives. The  president  commands  both  the  army  and  the  navy  ; 
the  former  is  inconsiderable,  liut  the  latter  augments  with 
suspicious  rapidity.  The  revenue  is  about  twelve  millions  of 
dollars,  the  expenditure  about  ten  millions  ;  the  national  debt 
is  seventeen  millions  sterling.  The  Americans  are  cold  and 
reserved,  evincing  a  contempt  of  strangers,  and  excessively 


bigoted  in  religious  matters,  though  their  tenets  are  as  various 
as  schismatical  invention  can  render  Christianity.  The  col- 
leges and  academies  are  numerous,  but  the  American  booksel- 
lers reprint  twenty  British  works  for  one  originally  transatlan- 
tic. The  chief  cities  arc.  New  York,  Philadelpliia,  Charleston, 
and  Baltimore,  for  commerce  ;  and  Boston  for  its  fanatical 
spirit.  New  Orleans  is  situated  on  the  Mississippi ;  Norfolk  is 
the  chief  port  of  Virginia.  The  inland  navigation  of  the  United 
States  is  very  superior,  but  the  public  roads  are  indifferent. 
The  manufactures  are  in  general  in  their  infancy,  though  in 
some  things  the  Americans  have  made  considerable  progress, 
as  must  be  evident  from  the  population  being  chielly  composed 
of  Britons  and  Germans,  the  two  most  persevering  mechanical 
nations  of  Europe.  The  climate  is  remarkable  for  sudden 
transitions  from  heat  to  cold  ;  but  the  seasons  in  general  cor- 
respond with  those  in  Europe  ;  and  the  soil  is  for  the  most  part 
fertile.  Three  parts  in  four  of  the  population  are  directly  or 
indirectly  connected  with  agriculture,  which  therefore  thrives 
well ;  and  while  the  southern  states  resemble  our  West  India 
plantations,  the  orchards  and  corn-fields  in  the  northern  states 
bear  a  great  resemblance  to  those  of  Lothian  and  Worcester- 
shire. The  rivers  are,  the  Mississippi,  the  Ohio,  the  Illinois, 
the  Uiscousin,  the  Chipaway,  St.  Croix,  the  Great  and  Little 
Miami,  the  AVabash,  the  Great  Kenuaway,  Kentucky,  the 
Green  River,  the  Cumberland,  and  the  Tennessee.  Into  the 
Atlantic  flow  St.  Croix,  Penobscot,  the  Kennebec,  the  Saco, 
the  Merimac,  the  Connecticut,  the  Hudson  river,  the  Delaware, 
the  Susquehanna,  the  Potomak,  James's  river,  the  Shenandoa, 
the  Black  Water  and  Staunton,  the  Pedee,  the  Santce,  the 
Savannah,  and  the  Attamala.  The  lakes,  Cedar,  Little  AVin- 
nepeg,  and  Leech,  Champlain,  Lake  George,  Oneida,  Cayuga, 
and  Sennaka.  The  others  we  have  mentioned.  The  chief 
mountains  are,  the  Apalachian,  the  AA'hite  and  Green  mountains 
in  the  northern  districts,  the  Land's  Heights,  the  Savage  and 
Bald  mountains,  and  the  Allegany  or  Blue  mountains.  The 
aboriginal  forests  are  large  and  numerous;  and  the  lake  of  the 
Dismal  Swamp,  150,000  acres  in  extent,  is  covered  with  trees 
of  prodigiofls  height,  choked  up  with  brushwood,  so  as  to  render 
the  swamp  impervious.  Bears,  wolves,  deer,  and  other  wild 
animals,  roam  undisturbed  here.  The  lake  or  marsh  of  Ona- 
quafenoga,  in  Georgia, is  300  miles  in  circumference,  and  con 
tains  many  fertile  islands,  one  of  which,  called  Paradise,  or  the 
Happy  Isle,  is  inhabited  by  a  peculiar  race  of  Indians,  whose 
women,  from  their  incomparable  beauty,  are  called  the  daugh- 
ters of  the  sun.  The  islands  belonging  to  the  United  States, 
are  Long  Island,  a  few  insular  strips  of  land  near  the  shores  of 
North  Carolina,  with  others  scattered  along  the  coast,  and  in 
the  various  bays  and  lakes. 

The  Spanish  Dominions  in  North  America. — These  domi- 
nions are  2200  miles  in  length,  and  about  460  in  breadth  ;  and 
the  population  amounts  to  eight  millions,  of  whom  four  millions 
and  a  half  are  Indians,  two  millions  and  a  half  a  mixed  race, 
and  one  million  of  Spaniards.  And  we  might  divide  them  into 
East  and  AAest  Florida,  California,  r,nd  New  and  Old  Mexico: 
thus,  \st.  On  the  Pacific  arc. 


Divisions. 
California,  n.  n\ 

Sonora 

Guadalaxara.. . 

Valladolid 

]\Iexico 

Puebla 

Onxara 

Guatimala 

Nicaragua 

Costarieo 

Veragua 

Panama 


liel.  Sit. 


^ 


N. 


(o 


S.E. 


New  Leon  . 
Vera  Cruz 
Tabasco  . . 
Yucatan..  . 
A'crapaz  . . 
Honduras  . 


Chief  Towns. 
St.  Juan. 
Mazatlan. 

Guadalaxara,  on  Rio  Graudc. 
A'alladolid. 

Mexico,  on  the  lake  of  Mexico. 
Tlascalla. 

Oaxaca,  on  Rio  A'^erdc. 
Guatimala. 

Fort  St.  Juan,  on  Rio  dc  St.  Juan. 
Carlago. 
St.  Yago. 

Panama,  on  Panama  bay. 
2(////.  On  the  Atlantic  arc. 
New  Santander. 
Tampico,  on  Rio  Tampico. 
Villa  Hermosa,  on  Kio  Tabasco. 
Salamanca. 

Sanla  Cruz,  on  the  gulf  of  DiiI"-5. 
Truxillo. 
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3dly.    Ill  the  Interior  are. 

New  Mexico,  proper  "j  i  Santa  Fe,  on  Rio  Bravo. 

Durango f    N.      Nombre  de  Dies. 

Zacatecas t^  toS.    Zacateoas. 

Guanaxuato J  >  Guanaxuato. 

The  soil,  produce,  and  cliraafe   of  these  dominions   are  thus 
described:  —  Extensive    savannas    feed   numerous   Iierds   of 
cattle ;  the   mountains   abound   in   the   precious   metals ;   the 
clima*e  is  singularly  diversified  between  the  tropical   seasons 
and  rains,  and  the  temperature  of  the  southern,  and  even  mid- 
dle countries  of  Europe.     The  climate  has  a  ruling  influence 
over  the  diseases  of  these  regions,  among  which,  the  yellow- 
fever  is  one  of  the  most  fatal,  but  it  usually  confines  itself  to 
sea-ports.     The  soil  is  often  a  deep  clay,  surprisingly  fertile, 
and  requiring  no  manure,   save  irrigation  ;  but  the  division  of 
land  is   far  more   unequal  than   in   Europe,  yet   agriculture 
flourishes.      The   cliief  products    are  wheat,   cotton,    indigo, 
tobacco,  cochineal.     California  is  famous  for  fish,  and  a  pearl 
fishery  ;  and  in  the  centre  of  this  peninsula  is  a  plain  of  rock 
salt,  as  firm  and  pellucid  as  crystal. — The  province  of  Vallado- 
lid,  the  most  delightful   of  these  fertile  regions,  produces  the 
pine-apple, pomegranate,  fig,  citron,  lemon,  orange,  and  cocoa- 
nut  trees,  sugar  canes,  indigo,  jalap,  &c.     And  its  chief  ports 
are  Vera  Cruz  and  Acapulco. — The  kingdom  of  Mexico  is  by 
far  the  most  important  of  these   settlements,   as  its  capital, 
Mexico,  is  the  chief  city  of  Spanish  America.     The  population 
of  this  city  is  150,000  inliabitants,  and  it  is  the  seat  of  a  vast 
commerce   between   Vera   Cruz   and   Acapulco.      Mexico   is 
situated  in  a  vast  plain,  747.5  feet  above  the  level  of  the  sea. 
The  religion  is  the  Roman  Catholic,  and  one-fifth  of  the  Spa- 
niards are  ecclesiastics,  monks,  friars,  and  nuns.     The  inquisi- 
tion ruled  here  with  fanatic  fury  in  former  times.     In  Mexico 
there  is  an  enclosure  between  four  walls,  filled  with  ovens,  into 
which  are  thrown  the  unhappy  victims  of  the  inquisition,  con- 
demned to  be  burned  alive  !     There  are  in  Mexico  no  remains 
of  what  our  historians  have   fabled,   and  its  chief  remaining 
antiquities  appear  to  be  earthenware,  ruins  of  dykes  and  aque- 
ducts, some  colossal  statues,  hieroglyphical  pictures,  weapons, 
and  knives  of  sacrifice.     The   government   of  Mexico  is  the 
chief  of  Spanish  America,  and  it  is  extended  over  a  territory 
equal  to  an  European  empire.     The  sovereign's  power  extends 
to  the  patronage  of  all  the  churches,  the  disposal  of  lucrative 
offices,    monopolies,   connivances,    presents  ;    and   his   court, 
upon  a  regal  plan,  is  hemmed  in  by  horse  and  foot  guards, 
while   his    household    and    numerous    attendants    swell    the 
pageantry.     Guatimala   is  ruled  by  a  president,  who  is   also 
captain-general  of  the  troops.     Each  of  the  interior  provinces 
has  its  president.     The   army  has    been  computed  at  40,000 
men  ;  but  it  is  difficult  to  speak  near  truth  on  the  revenue,  and 
several  other  matters  of  general  geography,  belonging  to  the 
Spanish   dominions  in  North  America.     The  independence  of 
Mexico  has   been   formally   acknowledged  by   Great  Britain. 
This  country  is  still  partly  ruled  as  formerly,  but  it  seems  proba- 
ble that  its  government  will  be  assimilated  to  that  of  the  United 
States.     The  cliief  towns  are,  Tasco,  Guanaxuato,  Guatimala, 
Xalappa,  Merida,  Santa  Fe,  Panama,  Porto  Bello,  and  Aca- 
pulco.    Tasco,  situated  6000  feet  above  the  level  of  the  sea,  is 
the  seat  of  the  noted  mines  of  Moran  and  Oyamel.     The  sur- 
rounding region  is  covered  with  oaks  and  pines,  and  the  crops 
of  wheat  and  liarley   are  very   abundant.     But   Guanaxuato 
boasts  the  richest  silver  mines  in  the  world  ;  that  of  Valencia 
yielding  its  proprietor  a  revenue   of  £130,000  annually,   and 
produces  above    half  a   million   sterling.     This   mine  is   280 
fathoms  in  depth.     In  1773,   Guatimala  was  destroyed  by  an 
earthquake,  and  8000  families  perished;  but  the  new  city  is 
well  peopled.      Xalappa   is   romantically   situated   in    a   fine 
climate,  about  the  middle  of  Vera  Cruz  ;  and  near  it  the  snowy 
peak  of  Orizala,  or  the  star  mountain,  rises  to  the  sublime 
height  of  17,390  feet  above  the  level  of  the  sea.     In  Merida, 
the  capital,  resides  the  governor  of  the  province  of  Yucatan. 
Another  governor  resides  at  Santa  Fe.     Panama  has  a  rich 
pearl  fishery,    and  is  the  noted  resort    of  merchant   vessels. 
Porto  Bello  is  a  fine  harbour,  and  is  celebrated  for  its  fairs, 
which  are  much  frequented  by  nierchants.     And  though   the 
climate  of  Acapulco  be  sultry,  it  engrosses  the   chief  Indian 
trade  over  the  Pacific. 
4 


The  British  Possessions:  Canada,  &c.  —  Canada  extends 
from  the  Gulf  of  .St.  Lawrence  to  Lake  Winnapeg,  1400  miles  ; 
and  its  average  breadth  is  about  200  miles.  This  country  is  in 
general  mountainous  and  woody  ;  but  in  Upper  Canada  there 
are  savannas  and  plains  of  great  beauty.  In  the  lower  pro- 
vince, the  soil  is  a  loose,  black,  fertile  mould,  of  a  foot  thick, 
resting  on  clay.  The  climate  is  salubrious,  but  cold  during 
winter,  which  continues  eight  months  severe.  Canada  exports 
furs,  hides,  timber,  lisli,  potash;  and  receives  .>pirits,  wine, 
tobacco,  sugar,  salt,  and  manufactured  goods,  chiefly  from 
England.  The  established  religion  is  the  Protestant,  super- 
intended by  the  Bishop  of  Quebec.  But  as  the  French  were 
the  first  possessors  of  Canada,  there  are  many  Catholics.  The 
Protestant  clergymen  are  12,  the  Catholic  125,  from  which  it 
appears  in  what  ratio  the  Catholics  outnumber  the  Protestants. 
The  chief  towns  are,  Quebec,  Sorelle,  Trois-Riviers,  Montreal, 
and  Kingston.  Quebec,  upon  the  north  of  the  river  St.  Law- 
rence, is  immortalized  by  the  death  of  General  Wolfe.  The 
population  amounts  to  10,000  souls  ;  and  the  adjacent  country 
presents  much  sublime  and  picturesque  scenery.  From 
December  to  April,  the  river  is  frozen  over  here.  Montreal, 
150  miles  above  Quebec,  has  about  7000  inhabitants,  and  its 
chief  traflic  is  in  furs,  which  the  traders  purchase  from  the 
Indians.  Kingston  is  situated  on  the  Lake  Ontario,  at  the 
grand  egress  of  the  river  St.  Lawrence.  Trois-Riviers  is  the 
grand  resort  of  the  Indians,  and  its  population  is  not  more 
than  1500  souls. — The  island  of  Newfoundland,  about  320  miles 
in  length  and  breadth,  has,  as  its  chief  towns,  .St.  John,  Placen- 
tia,  and  Bonavista.  The  population  does  not  exceed  a  thousand 
families  during  the  winter.  The  celebrated  station  on  the 
banks  of  Newfoundland  is  more  than  400  miles  in  length,  and 
about  140  in  breadth  ;  the  water  being  from  twenty-two  to  fifty 
fathoms,  with  a  great  swell,  and  frequently  a  thick  fog.  The 
chief  fishery  begins  on  the  10th  of  May,  and  continues  till  the 
end  of  September  ;  the  greatest  number  of  cod-fish  taken  by  a 
single  fisherman  is  about  twelve  thousand,  the  average  is  seven 
thousand.  The  largest  fish  are  each  about  four  feet  three  inches 
in  length,  and  weigh  about  forty-six  pounds.  Upwards  of 
500  English  vessels  frequent  these  banks,  and  about  the  same 
number  of  Americans  and  French. — New  Brunswick  is  sepa- 
rated from  the  province  of  Main,  belonging  to  the  United 
States,  by  the  river  St.  Croix  ;  and  the  Apalachian  mountains 
pass  along  the  north-west  of  this  province.  The  capital  is 
Frederick  Town,  on  the  river  St.  John,  which  aflords  a  com- 
mon and  near  route  to  Quebec.  Some  settlements,  commanded 
by  Fort  Howe,  have  been  established  in  the  bay  of  Fundi. — 
Nova  Scotia  is  a  province  on  the  east  of  Canada,  and  south  of 
the  river  .St.  Lawrence.  New  Brunswick  is  the  more  northerly. 
Nova  Scotia  the  more  southerly.  And  the  Bay  of  Fundi, 
between  New  Brunswick  and  Nova  Scotia,  extends  fifty 
leagues  inland,  the  ebbing  and  the  flowing  of  the  tide  being 
from  forty-five  to  sixty  feet.  Halifax,  the  capital  of  Nova 
Scotia,  contains  15,000  inhabitants  ;  and  the  Bay  of  Fundi  is 
remarkable  for  its  sublime  and  picturesque  scenery.  The 
island  of  Cape  Breton,  close  to  Nova  Scotia,  has  a  cold  and 
foggy  climate,  and  the  soil  is  a  mere  moss,  unfit  for  agriculture. 
But  the  fur  trade  and  fisheries,  at  ils  chief  towns,  Sidney  and 
Louisbourg,  are  very  considerable.  'I'lie  Bermudas,  or  Summer 
Islands,  are  situated  about  half-way  between  Nova  Scotia  and 
the  West  Indies. 

Native  Tribes,  and  Unconquered  Countries. — These  are, 
Greenland.  Labrador,  the  regions  round  Hudson's  and  Balfin's 
Bays;  the  central  parts,  and  tlie  \>  estern  coast.  Greenland  was 
visited  by  the  Norwegians  in  the  year  1)82,  above  500  years 
before  Colon  discovered  .San-Salvador  or  Cat  Island.  But 
about  1406,  about  eighty-six  years  before  Colon's  discovery, 
by  the  gradual  increase  of  the  arctic  ice,  the  Norwegian  colony 
was  completely  imprisoned  by  the  frozen  ocean.  This  dreary 
region  consists  of  rocks,  ice,  and  snow  ;  and  in  the  soulh-west 
there  are  Danish  and  Moravian  settlements.  The  botany  is 
made  up  of  junipers,  willows,  and  dwarf  birches.  The  zoology, 
of  rein-deer,  wolf-dogs,  foxes,  bears;  sea-fowl,  fish,  and  a  few 
species  of  insects.  The  natives  arc  American  Samoicds,  or 
Iskimois,  short  of  stature,  with  long  black  hair,  small  eyes, 
and  flat  faces  ;  and  their  numbers  do  not  exceed  ten  thousand, 
chiefly  employed  in  catching  seals  and  in  fishing. — Labrador, 
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supposed  to  have  been  discovered  by  the  Norwegians  about  tlie 
year  1003,  receives  its  name  from  a  Portuguese  navigator,  who, 
in  ITiOO,  arrived  at  it  in  search  of  a  north-west  passage.  The 
natives  are  Isliimois  savages  of  filtliy  manners,  and  a  race  of 
niouutaineers  resembling  gipsies,  but  with  French  features, 
and  in  their  religion  Roman  Catholics.  This  country  al)Ounds 
in  bears,  rein-deer,  foxes,  martins,  and  beavers;  the  lakes, 
rivers,  and  pools,  are  rich  in  salmon,  trout,  pike,  barbel,  and 
other  fishes.  The  bears  are  remarkably  fond  of  salmon,  and 
>vill  assemble  in  numbers  at  the  cataracts  where  the  salmon 
ascend,  to  catch  their  favourite  prey.  Some  dive  after  the  fish, 
and  do  not  appear  again  till  at  the  distance  of  sixty  or  seventy 
yards.  But  they  are  usually  successful  in  the  pursuit.  Others 
appearmerc  loungers,  that  have  come  only  to  see  the  sport, 
and  enjoy  the  promenade  among  the  surrounding  alders, 
spruce-firs,  larches,  birch,  and  aspin-trees.  Nor  is  it  an  unusual 
thiug  for  two  score  of  while  bears  to  be  present  at  this  specta- 
cle ! — The  regions  round  Hudson's  Bay  are  held  by  the  Hud- 
son's Bay  Company,  and  the  North-West  Company,  both  Eng- 
lish ;  hence  these  regions  have  been  called  New  Britain.  The 
parts  on  the  west  of  Hudson's  Bay  have  also  been  called  New 
North  and  South  Wales,  while  that  on  the  east,  between 
Labrador  and  the  bay,  is  called  East-Main.  Hudson's  sea  pre- 
sents bold  rocky  shores,  or  marshes,  and  large  beaches  ;  the 
\rinters,  even  in  latitude  75°,  are  extremely  severe  ;  mock 
suns  or  halos  are  frequent;  the  sun  itself  rises  and  sets  with  a 
large  cone  of  orange-coloured  light ;  the  aurora-borealis  dif- 
fuses its  variegated  splendour  with  as  much  brightness  as  the 
full  and  cloudless  silvery  moon  ;  and  the  stars  scintillate  with 
uncommon  redness.  The  central  parts  are  only  known,  from  the 
travels  of  Hearne,  Mackenzie,  and  Franklin.  These  parts  are 
inhabited  by  various  tribes  of  Indians,  who  are  chiefly  em- 
ployed in  hunting  and  lishing.  The  animals  found  are  those 
peculiar  to  northern  latitudes  ;  the  rivers  and  lakes  are  stored 
with  fish  and  water  fowl ;  and  so  numerous  were  the  herds  of 
elks  and  bulfaloes  which  Mackenzie  met  with,  where  the 
scenery  was  interspersed  with  hill  and  lawn,  that  the  country 
resembled  a  stall-yard.  The  natives  towards  the  Pacific  are 
fairer  than  those  of  the  central  parts,  and  evince  a  decided 
superiority  in  the  arts  and  in  their  manners.  The  western 
coast  comprises  all  those  shores  stretching  from  Behring's 
Strait  to  New  Mexico.  It  is  bounded  inland  by  a  great  chain 
of  mountains,  and  the  whole  region  is  chiefiy  alpine,  bearing  a 
strong  resemblance  to  Norway.  The  natives  are  savages  ;  in 
some  tribes  luild  and  ali'able,  as  well  as  just  in  their  dealings  ; 
in  others,  cruel  to  strangers,  and  brutal  to  their  captives  taken 
in  war,  as  the  savages  of  Nootka  and  the  Mosquinas,  who 
massacred  the  Franciscan  missionaries  ;  and,  among  the  whole, 
the  females  are  held  in  abject  subordination. 

The  Isles  of  Colon,  or  the  'West  Indies. — These  islands  are 
Cuba,  St.  Domingo  or  Hayti,  Jamaica,  Porto  Kico,  the  Antil- 
les, Caribbee  or  Leeward  islands,  Trinidad,  and  the  Bahama 
islands. — Cuba  is  700  miles  long,  but  only  70  broad.  This 
island  is  fertile,  producing  excellent  sugar,  and  the  famous 
Havannah  tobacco.  It  is  governed  by  a  Spanish  governor- 
general  and  eighteen  magislrates.  The  chief  town  is  Havan- 
nah, and  the  people  are  fond  of  bull-fights,  cock-fightings, 
balls,  and  good  living. — St.  Domingo,  or  Hayti,  is  now  an  inde- 
pendent empire;  the  national  assembly  of  France  having 
passed  decrees  for  the  nuilattoes,  or  people  of  colour,  to  vote 
for  representatives,  the  slaves  rose  against  their  oppressors, 
and  after  many  battles,  have  efiected  their  independence  ;  and 
the  island  is  now  governed  as  a  republic,  after  the  fashion  of 
the  United  States  of  America.  The  products  of  this  island  are 
.similar  to  Cuba  and  Jamaica. — Jamaica,  an  English  settlement, 
is  170  miles  long,  and  00  broad.  It  is  divided  into  three  coun- 
ties, Cornwall  in  the  west,  Middlesex  in  the  centre,  and  Surrey 
in  the  east.  St.  Jago  or  Spanish  town,  is  the  capital,  and 
Kingston  the  chief  sea-port.  The  products  are  sugar,  rum, 
coffee,  indigo,  ginger,  pimento.  The  legislature  consists  of  a 
captain-general,  or  governor  ;  a  council  of  twelve,  nominated 
by  the  king;  a  house  of  assembly,  of  f')rty  members,  who  arc 
freeholders.  The  bread-fruit  tree  has  been  introduced.  The 
Blue  Mountains  rise  7430  feet  above  the  level  of  the  sea. — 
Porto  Rico,  belonging  to  Spain,  is  I'iO  miles  long  and  10  broad. 
It  is  a  fertile,  beautiful,  and  well-watered  island;  producing 


cotton,  sugar,  ginger,  hides,  drugs,  and  sweetmeats. — The 
Caribbee  Islands,  extending  from  Tobago  in  the  south,  to  the 
Virgin  Islands  in  the  north,  are  of  noted  fertility  and  commer- 
cial advantage,  producing  sugar,  cotton,  rum,  cofi'ee,  indigo, 
Sic.  These  islands  are,  Barbadoes,  Antigua,  St.  Christopher's, 
St.  Vincent,  Dominica,  Grenada,  Montserrat,  Nevis,  Trinidad, 
and  the  Virgin  isles,  belonging  to  Great  Britain.  The  French 
Caribbee  islands  are  Martinique,  Guadaloupe,  St.  Lucie, 
Tobago,  and  some  islets.  The  Danes  possess  St.  Croix,  St. 
Thomas,  and  St.  John,  attached  locally  to  the  Virgin  group. 
St.  Bartholomew  belongs  to  Sweden  ;  and  St.  Eustatius  to  the 
Dutch.  Trinidad  is  about  sixty  miles  long  by  fifty  broad  ;  the 
climate  is  delightful ;  and  two-thirds  of  the  soil  is  most  fertile. 
— The  Bahama  or  Lucayos  Islands  comprise  Abaco,  Bahama 
Eleuthera,  Providence,  Cat  Island  or  San-Salvador,  Crooked 
Island,  and  Cayo.  The  inhabitants  are  whites,  English  and 
Spanish,  with  many  negroes.  These  West  India  islands  alford 
cotton,  logwood,  mahogany,  the  cabbage-palm-tree,  rising  200 
feet,  the  tamarind  tree,  with  its  airy  elegance  and  acid  pods, 
the  alder,  and  elm  ;  the  fruits  are  apples,  peaches,  figs,  grapes, 
pomegranates,  oranges,  pine-apples,  cashew-nuts,  cocoa-nuts, 
and  guavas  ;  and  the  spices  are  numerous  and  exquisite. 

South  America. — The  extent  of  this  continent  has  already 
been  noticed.  It  is  divided  into  the  Spanish  dominions ;  the 
Portuguese  dominions  ;  the  French  dominions  ;  the  Dutch  ter- 
ritories ;  and  the  countries  possessed  by  the  native  tribes.  The 
Spanish  dominions  once  comprised  the  viceroyalties  of  La 
Plata,  Peru,  and  New-Granada,  with  the  Caraccas,  and  some 
inferior  governments.  The  Portuguese  dominions  are,  Brazil, 
and  part  of  Guiana  ;  the  French  and  Dutch  were  also  in  Gui- 
ana; and  the  native  tribes  possess  Patagonia  and  other  coun- 
tries. The  Spanish  dominions,  that  is  to  say,  the  countries 
subject  to  Spaniards,  whether  independent,  or  governed  by  the 
mother  country,  contain  a  population  of  4i  millions  of  souls  ; 
and  are  divided  into,  \st.  The  Territories  on  the  Caribbean 
Sea,  comprising  Venezuela,  Cumana,  Guiana:  chief  towns, 
Leon  de  Caraccas,  Cumana,  St.  Thomas.  2(1/;/.  The  Territo- 
ries on  the  Pacific,  comprising  New  Granada,  Peru,  Chili,  La 
Plata ;  chief  towns,  Carthagena,  Lima,  St.  Jago,  Buenos 
Ayres.  Venezuela  is  now  an  independent  republic;  a  portion 
of  Cumana  is  also  free  from  the  Spanish  yoke  ;  and  the  whole 
of  these  territories  have,  in  our  own  times,  been  erected  into 
independent  states.  (IS'25.) 

The  Kingdom  of  La  Plata. — The  kingdom  of  La  Plata,  or 
Buenos  Ayres,  may  be  thus  described.  In  extent  it  reaches 
from  14°  south  to  near  38°,  that  is,  24°,  or  1440  geographical 
miles  in  length  ;  and  in  breadth  about  12°,  or  720  geographical 
miles.  The  population  is  about  2i  millions  of  souls.  The 
government  was  managed  by  a  viceroy,  who  had  also  the  title 
of  captain-general,  and  his  jurisdiction  extended  to  the  whole 
of  the  political  management,  except  the  royal  treasury  ;  which 
was  managed  by  the  paymaster-general  of  the  army.  The 
strength  of  the  army  is  not  considerable,  but  some  of  its  native 
troops  are  expert  in  the  spear,  the  rope,  and  tl.-e  ball.  In  their 
manners,  the  people  resemble  the  Eurojiean  Spaniards,  because 
it  has  been  the  policy  of  Spain  to  excite  the  colonists  to  rcmaia 
in  the  new  territories  ;  and  this  she  did  by  the  superlative 
prudence  of  the  council  of  the  Indies,  an  assembly  of  her  most 
enlightened  men.  Indeed,  the  whole  government  of  the  Spanish 
colonies  in  America,  has,  for  a  scries  of  years,  been  managed 
by  this  council.  The  chief  cities  are,  Buenos  Ayres,  on  the 
west  side  of  the  river  La  Plata,  an  agreeable  place,  containing 
40,000  inhabitants,  and  maybe  considered  the  grand  mart  of 
European  goods  passing  to  Peru.  Montevideo  is  celebrated 
for  its  harbour;  Santa  Fc  is  on  the  great  river  La  Plata; 
Potosi  is  famous  for  its  mountain  of  silver,  which  the  avarice 
and  labours  of  270  years  have  scarcely  lessened.  La  Paz,  an 
elegant  and  clean  town  in  the  same  region,  trades  chiefly  in  the 
noted  tea  of  Paraguay.  Mendoza,  in  a  pleasant  situation  on 
the  eastern  declivity  of  the  Andes,  is  in  the  celebratt?d  passage 
through  those  mountains  to  Peru.  Chucuito,  on  the  grand 
Lake  Titicaca,  is  a  cheerful  and  convenient  town,  surrounded 
by  a  cold  climate,  but  a  fertile  soil.  Pirao  is  a  rich  and  popu- 
lous town  ;  Oruro  is  noted  for  its  mines  ;  Oropesa  is  the  capital 
of  Cochambamba,  once  the  granary  of  Peru  ;  Santa  Cruz  is  a 
famous  missionary  station;  Jujuy  is  celebrated  for  its  cattle- 
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trade  ;  Salta  for  its  annual  fair  in  the  valley  of  Lerma,  where 
60,000  mules  and  6000  horses  are  commonly  collected  for  sale. 
The  commerce  between  Buenos  Ayres  and  Peru  is  carried  on 
by  means  of  little  vvassons  drawn  by  oxen  as  far  as  Jujuy  and 
Mendoza,  where  it  is  necessary  to  have  recourse  to  mules  ou 
account  of  the  mountain.  Commerce  having  increased  the 
circulation  of  money,  as;rieulture  has  made  rapid  progress 
amidst  Ihe  fertile  plains  of  this  extensive  resion.  In  regard  to 
its  natural  geography,  the  kingdom  of  La  Plata  boasts  of  noble 
rivers,  as  the  Parana  or  La  Plata,  the  Paraguay,  the  Uruguay, 
and  the  Mendoza.  The  Mendoza  has  pierced  a  hiil,  and 
formed  a  natural  bridge,  over  which  three  waggons  may  pass 
abreasi.  And  its  lakes  are  generally  salt ;  but  some  are  sweet 
water,  and  that  of  Titicaca  is  celebrated  for  an  island  in  which 
the  Ineas  dedicated  a  temple  to  the  sun.  The  Indians  have  a 
tradition,  that  when  the  Spaniards  eritered  the  country,  great 
treasures  were  thrown  into  this  lake,  and  among  others  the 
great  chain  of  gold,  so  long  that  6000  men  danced  in  the  ring  it 
formed.  The  mountains  of  Cordova,  by  some  regarded  as  a 
branch  of  the  Andes,  are  covered  with  perpetual  snow.  In  the 
botany  of  La  Plata,  we  find  the  cinchona,  or  Jesuits'  bark,  rhu- 
barb, jalap  ;  the  carrob  tree,  which  in  winter  aftords  a  palatable 
drink  and  food  to  both  man  and  beast;  the  tea  of  Paraguay,  com- 
posed of  the  leaves  of  a  small  tree  resembling  the  orange.  In  the 
zoology  of  this  country,  we  find  the  American  camel,  or  native 
sheep,  from  the  wool  of  which  a  niost  elegant  and  durable  cloth 
is  manufactured  ;  the  American  tiger  or  jaguar,  and  the  puma  or 
lion  ;  the  wild  cat,  the  elk,  the  ant-bear,  a  kind  of  deer,  hippo- 
potami ;  the  condor,  an  immense  bird  with  a  red  crest,  and 
black  body  spotted  with  white  ;  the  Paraguayan  ostrich,  par- 
tridges, serpents  of  prodigious  size,  &c.  The  mineralogy  of 
this  kingdom  is  extensive,  and  lucrative  beyond  all  belief;  for 
not  to  speak  of  Potosi,  the  mines  of  gold  and  silver  are  innu- 
merable. In  the  province  of  Chaeo,  a  mass  of  native  iron,  per- 
fectly malleable,  has  been  found.  Near  Jujuy  is  the  hall  of 
Eoius,  a  singular  volcano,  whence  the  winds  rush  out  with 
overbearing  whirls  and  clouds  of  dust.  Not  far  from  Cordova 
pent  up  winds  issue  out  with  violence  by  small  apertures  from 
the  rocks,  and  produce  a  noise  resembling  the  discharge  of 
artillery  at  the  siege  of  a  fortress.  And  in  the  town  itself, 
during  a  still  night,  the  inhabitants  hear  passing,  as  it  were 
f.-om  street  to  street,  a  dull  murmur,  like  the  noise  produced 
by  thumping  with  a  wooden  pestle  in  a  huge  mortar. 

Kingdom  of  Peru. — Peru  borders  on  New  Gianada  on  the 
north;  on  the  north-east  it  joins  the  Pampa  del  Sacramento ; 
on  the  east,  the  savage  nations  of  the  Pajonal  ;  and  on  the 
south-east,  the  kingdom  of  Buenos  Ayres.  Its  leugth  has  been 
computed  423  geographical  leagues,  and  its  breadth  80  leagues. 
The  provinces  are  forty-two,  but  only  a  few  have  been 
described,  though,  among  the  native  nations  of  America,  the 
Peruvians  are  by  far  the  most  interesting.  The  number  of 
towns  and  villages  exceeds  1500.  Like  the  other  governments 
of  Spanish  South  America,  the  viceroyaity  of  Peru  consisted 
of  two  branches,  political  and  ecclesiastical.  The  archbishop 
of  Lima  has  four  suiiVagans,  and  besides  the  chapters  of  these 
bishops,  there  are  507  curates  of  the  royal  presentation.  In 
the  Peruvian  valleys  between  5°  and  15°,  no  rain  falls,  but  vege- 
tation is  supported  throughout  this  region  by  liberal  dews.  The 
high  table-lands  of  the  Andes,  at  the  height  of  10,000  feet  above 
the  level  of  the  sea,  enjoy  a  perpetual  spring  united  with  an 
eternal  autumn  ;  the  fields  are  always  verdant,  the  grains  ever 
wave  in  golden  harvests;  and  the  fruit-trees  are  in  bh  ssom, 
in  ripening,  or  in  matured  fruit.  The  chief  cities  are,  Lima 
the  capital,  containing  a  population  of  52,000  souls,  and  carry- 
ing ou  a  great  commerce  with  all  parts  of  the  world,  by  means 
of  intermediate  agencies:  C(izco,tlie  second  city,  once  tlie  seat 
of  the  Peruvian  monarchy,  and  having  a  population  of  26,000 
inhabitants.  Lima  is  the  maritime,  Cuzco  the  inland,  capital. 
The  other  cities  are,  Arequipa,  Guamanga,  Truxillo,  Arica, 
Oropesa,  Jauja,  Lambayeque,  Caxamarea,  lea,  and  Guanuco. 
Truxillo  is  subject  to  earthquakes;  for  unluckily  the  earthly 
paradise  of  the  Andean  table-land  is  in  many  places  but  an 
insidious  soil,  encrusting  subterranean  fires  of  sulphureous, 
alkaline,  and  aqueous  matters,  in  perpetual  fusion,  to  pour 
forth  tremendous  showers  of  destructive  lava.  The  botany  of 
Peru  and  Chili  is  extensive  and  Various,  for  while  the  valleys 


on  the  sea-shore  boast  the  common  tropical  plants,  the  milder 
plains  on  the  Andean  table-land  are  favourable  to  plants  of  a 
hardier  constitution.  The  zoology  of  Peru  dilfers  little  from 
that  of  La  Plata  ;  the  mountain  cat,  a  species  of  deer,  foxes, 
beais,  wolves;  a  sea-fowl  with  feathered  body  and  mem- 
branous wings  like  the  bats.  The  tlamingo  frequents  the  lakes. 
The  silk-weaving  spider,  as  large  as  a  crab,  and  with  teeth  like 
a  rat's,  abounds  in  Jaen.  In  short,  the  whole  country  of  Peru 
is  one  vast  field  of  natural  curiosities. 

The  Kingdom  of  New  Granada.— New  Granada  extends  from 
3J°  south  latitude,  to  12°  north  latitude,  or  15i°,  being  930  geo- 
graphical miles:  and  the  medial  breadth  has  been  assumed  at 
240 geographical  miles.  The  provinces  are  twenty-four  in  all, 
and  Ihe  following  is  their  natural  geography: — The  province  of 
Jaen  de  Bracumoras,  the  most  southern,  producing  gold,  cot- 
ton, chocolate,  and  tobacco.  The  district  of  Cueuca,  situated 
on  the  table-land  of  Quito,  is  of  benign  temperature,  produ- 
cing abundance  of  cattle,  sugar,  cotton,  and  grain.  Macas.  a 
considerable  province  on  the  eastern  declivity  of  the  Andes, 
has  a  warm  and  moist  climate,  and  produces  cotton,  sugar, 
tobacco,  and  cinnamon.  Riobamba,  noted  for  the  earthquake 
of  1797,  when  only  400  persons  escaped  out  of  9000!  Guaya- 
quil is  celebrated  for  its  commerce.  Terra  Firma  is  a  name 
given  to  Panama  ;  and  the  province  of  Darien  is  extended  on 
both  sides  of  the  gulf  so  called.  Santa  Fe  enjoys  a  perpetual 
spring,  and  the  abundai!<;e  of  nature  may  be  presumed,  from 
the  fact,  that  here  there  are  two  harvests.  San  Juan  de  los 
Llanos  consists  of  prodigious  plains,  of  a  fertile  soil,  and  con- 
taining an  abundance  of  cattle,  with  some  gold  mines.  Antio- 
quia  is  chiefly  celebrated  for  its  gold  mines.  Quito  enjoys  an 
uniform  temperature  ;  and  the  capital  of  the  same  name  is 
famous  as  being  the  place  where  the  French  mathematicians 
measured  a  degree  of  the  meridian.  Popayan  enjoys  a  per- 
petual spring,  and  abounds  in  fruits.  The  people  of  this  pro- 
vince are  noted  for  their  integrity.  Carthagena  is  noted  for 
its  European  fashions,  imported  since  its  increasing  commerce, 
wealth,  and  luxury.  Santa  Marta  is  famed  as  the  province  in 
which  the  Andes  terminate.  The  chief  rivers  are  the  Magda- 
lena  and  the  Cauea.  Some  of  the  most  useful  vegetable  pro- 
ductions have  been  already  mentioned,  as  belonging  to  the 
other  kingdoms;  but  there  are  plants  peculiar  to  the  Andes, 
whose  genera,  species,  and  nomenclature,  belong  not  to  this 
work.  In  the  zoology,  we  find  the  tapir,  an  animal  resembling 
a  cow,  but  about  the  size  of  an  ass ;  wild  boars,  deer,  ant- 
eaters,  the  jaguar,  the  puma,  wild  cats,  serpents,  and  alliga- 
tors. In  the  mineralogy  of  New  Granada,  we  find  the  rich 
gold  mines  of  Choco  and  Anlioquia  ;  the  silver  mines  of  Mar- 
quetones  ;  the  emerald  mines  of  Muzo;  and  the  copper  mines 
of  Velcz.  Among  the  natural  curiosities  maybe  mentioned  the 
vertical  cataract  of  Bogota,  precipitating  its  waters  from  a 
height  of  300  fathoms.  This  cataract  is  the  river  Feunza, 
which,  after  passing  along  a  imrrow  channel  on  a  high  table- 
land, is  poured  as  from  the  spout  of  a  vase  in  one  arch  of  1320 
feet.  The  noise  from  the  fall  in  the  basin  below,  the  spray, 
the  clouds  of  vapour,  the  rainbows,  the  surrounding  pictu- 
resque scenery  of  trees  and  shrubs,  render  the  cataract  of 
Te(|uendama  one  of  the  wonders  of  the  world  ! 

The  Goverament  of  the  Caraccas. — This  government  includes 
Venezuela,  Maracaibo,  Varinas,  Cumana,  (including  Barce- 
lona,) Spanish  Guiana,  and  the  Isle  of  Margarita.  This  govern- 
ment is  now  considered  the  republic  of  Venezuela,  and  there- 
fore we  shall  notice  the  rather,  its  products,  commerce,  cities, 
and  natural  geography.  Singular  as  it  may  appear,  there  are 
rivers  in  this  district  which  rise  on  the  sea-coa.it  as  it  were, 
and  flow  inward.  Beeves,  horses,  and  nudes,  pasture  in  the 
interior;  the  vales  alone  are  fertile.  The  cultivated  articles 
are  chocolate,  indigo,  and  tobacco  ;  but  Ilayti  used  to  yield  ten 
times  the  produce  of  the  Caraccas.  The  great  ports  are  Guayra 
and  Porto  Cavcllo,  but  the  commerce  is  iuconsideralde,  and 
for  a  long  time  the  greatest  contraband  trade  was  carried  on. 
The  chief  towns  are,  Caraccas  the  capital,  w  hich,  though  enjoy- 
ing a  perpetual  spring,  was  lately  injured  by  an  earthquake. 
Porto  Cavello,  an  unheallhy  place,  and  dangerous  of  access  to 
the  crews  of  foreign  vessels.  Valencia,  a  neat  town  ;  Maracay, 
a  beautiful  village,  in  the  rich  vale  of  Aragoa  ;  Tulmero,  in  the 
same  vale,  a  handsome  town ;  Victoria,  Coro,  Cararo,  Barqui- 
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simeto,  Tocuyo,  Guanana,  Calabosa,  Pao,  San-Pliilippi,  and 
Nirgua,  are  all  places  of  minor  importance.  Cumana  used  to 
form  a  delegated  government,  consisting  of  the  two  provinces 
of  Cumana  and  Barcelona.  Cumana  is  subject  to  frequent  earth- 
quakes. Barcelona  is  noted  chiefly  for  its  breeding  of  swine  ; 
and  the  isle  of  Margarita  as  a  military  station,  for  the  invasion 
of  the  Caraccas.  The  town  of  Maracaibo  is  rather  unhealthy, 
and  the  thunderstorms  are  terrible,  but  without  them  earth- 
quakes prevail.  Tlie  tobacco  of  Varinas  is  highly  celebrated. 
The  lakes  are  Maracaibo,  famous  for  its  mineral  pitch,  whicli 
at  night  serves,  by  its  bituminous  ignited  vapours,  as  a  lantern 
or  pharos  to  the  Spaniards  and  Indians  ;  and  the  lake  of  Valen- 
cia, which,  though  receiving  twenty  rivers,  discharges  its 
superfluous  waters  by  a  subterraneous  tunnel  of  evacuation, 
and  nourishes  amidst  its  swampy  waters  monstrous  lizards,  on 
which  the  natives  feed.  The  rivers  are,  Orinoco,  Aphuro,  the 
Portuguesa,  the  Guarico,  the  Uiiari,  and  the  Guarapicha.  In 
the  interior  of  Cumana  there  is  a  cavern  called  Guacharo, 
famous  among  the  Indians  for  being  of  immense  extent,  and 
serving  as  a  habitation  for  thousands  of  a  kind  of  nocturnal 
birds,  (or  gnat-sucker,)  which  the  Indians  suppose  to  be  the 
souls  of  their  ancestors.  This  remarkable  cavern  is  therefore 
visited  with  great  ceremony. 

Spanish  Guiana.— Spanish  Guiana  is  the  province  which,  in 
some  mans,  the  geographers  call  Nev/  Cumana,  or  New  Anda- 
lusia. The  territory  of  Guiana  is  bounded  by  the  Orinoco,  and 
the  Negro  rivers  in  the  west  and  north  ;  on  the  south  by  the 
Maranon ;  on  the  east  by  the  Atlantic  ocean.  The  part  of 
Brazil  on  the  norih  of  the  river  Maranon,  is  called  Portuguese 
Guiana.  Spanish  Guiana  is  bounded  on  the  south-east  by 
Dutch  and  French  possessions;  on  the  south,  by  the  Portu- 
guese;  on  the  west,  by  the  Rio  Blaneho,  or  rather  the  great 
river  Negro;  and  the  Orinoco  on  the  south.  Guiana  is  the 
seat  of  a  bishop  :  the  inhabitants  sleep  on  the  terraces  of  their 
houses  during  the  great  heats. 

The  Kingdom  of  Chili. — Chili  is  a  delightful  country,  extend- 
ing for  more  than  1'260  geographical  miles,  along  the  great 
Pacific  Ocean,  flanked  and  protected  by  the  vast  belt  of  the 
Andes,  which  sends  forth  copious  rivers  to  irrigate  this  envied 
soil.  The  breadth  i^i  about  210  miles.  The  northern  boundary 
is  the  desert  of  Atacama ;  the  Andes  on  the  east  divide  Chili 
from  Cayo,  in  the  viceroyalty  of  La  Plata  ;  on  the  south  it  is 
bounded  by  barren  mountains  ;  and  the  Pacific,  Ocean  washes 
its  western  shores.  The  grand  belt  of  the  Andes  is  here  120 
miles  broad,  with  transverse  ridges  full  of  ruptures  and  preci- 
pices ;  and  eight  or  nine  paths  open  to  the  Andes  on  the  east, 
like  those  over  the  Alps  in  Switzerland,  on  shelves  in  the  per- 
pendicular rocks,  hanging  over  profound  precipices,  so  dan- 
gerous and  diflicult,  that  the  steadiest  mule  ceases  to  be  useful 
in  those  situations.  The  four  seasons,  in  an  inverted  order, 
are  as  regular  in  Chili  as  in  Europe.  The  fertility  of  the  soil 
may  be  inferred  from  the  fact,  that  a  great  part  of  it  was  in 
constant  labour  long  before  the  Spaniards  visited  Chili,  and  to 
this  day  manure  is  unnecessary,  for  it  yields,  in  general,  from 
sixty  to  seventy-fold!  and,  what  is  singular,  in  a  country 
wherein  the  soil,  after  a  lapse  of  ages,  and  the  avarice  of  man, 
has  so  little  degenerated.  Chili  is  the  scat  of  the  richest  metal- 
lic ores;  lead  is  found,  of  excellent  quality  ;  iron  abounds,  but 
it  is  neglected  ;  the  copper  is  perhaps  superior  to  the  British. 
The  provinces  of  Santiago,  Aconcagua,  Coquimbo,  and  Copi- 
apo,  are  celebrated  for  tlieir  silver  mines  ;  nor  is  there  a  moun- 
tain or  hill  which  yields  not  gold,  the  purest  in  the  world. 
With  such  a  fertile  soil,  and  enjoying  so  delightful  a  climate, 
the  botany  of  Chili  partakes  of  the  plants  of  both  hemispheres. 
Nettles,  as  in  Kurope,  also  our  potherbs  and  fruits  ;  and  the 
.sugar  cane  and  sweet  potato,  and  other  tropical  plants, 
flourish  in  the  northern  parts  of  this  fine  country.  Our  fine 
white  strawberry,  tipped  with  purple,  and  three  inches  in  cir- 
cumference, is  derived  from  Chili,  where  it  is  cultivated  as  a 
crop  ;  wild  tobacco,  sudorific  and  febrifuge  plants  ;  incense, 
equal  to  that  of  Arabia;  balsam,  excellent,  both  as  an  odour 
and  a  curative  medicine.  In  the  zoology,  reptiles  are  rare  ;  the 
seas  abound  in  fish,  the  shores  in  lobsters  and  crabs,  with  oys- 
ters, seals,  sea-cows,  and  innumerable  aquatic  fowls ;  and 
the  hills  in  bees.  The  flamingo  decorates  the  rivers,  the  hum- 
ming bird  the  groves  of  flowers.     Tlie  ostrich  in  Chili  is  equal 


to  that  of  Africa ;  vultures  and  eagles,  and  condors,  haunt  the 
frightful  precipices  of  the  Andes.  And  amongst  the  quadru- 
peds we  lind  dogs,  hippopotami,  foxes,  lions  of  America  ;  a 
singular  wild  horse,  with  cloven  feet ;  and  most  of  the  Euro- 
pean animals  have  improved  in  Chili.  The  most  singular  phe- 
nomenon, connected  with  the  natural  history  of  Chili,  is  the 
fact,  that  the  ocean  is  retiring  very  rapidly  on  this  coast,  leav- 
ing curious  grottos,  hung  with  shells  ;  and,  in  two  instances, 
detached  masses  of  w  bite  marble,  scooped  out  like  churches. 
The  aboriginal  Chilese  are  the  Arancans  and  the  Puelches. 
The  former  are  the  genuine  representatives  of  the  ancient 
Chilese ;  the  latter,  more  rude  and  savage  than  the  other 
natives,  inhabit  the  mountains,  and  often  change  their  abode, 
like  the  pastoral  tribes  of  Asia.  The  Arancans  have  little 
beard  ;  they  are  intrepid  in  war,  hardy  to  endure  fatigue,  faith- 
ful to  promises  ;  but  addicted  to  some  of  the  savage  vices.  The 
Puelches  arc  bold  in  war,  faithful  as  allies,  and  may  still  be 
considered  the  unconquered  Chilese.  Such  is  the  natural  geo- 
graphy: the  political  is  very  brief. — Spanish  Chili  is  divided 
into  thirteen  provinces,  Copiapo,  Coquimbo,  Quillota,  Acon- 
cagua, Melipilla,  Santiago,  Kancagua,  Colchagua,  Manli,  Itata, 
Chilian,  Pucianey,  and  Huilquilema.  They  also  possess  Port 
Valdivia,  in  the  country  of  the  Cuchi,  the  Archipelago  of  Chili, 
and  the  island  of  Juan  Fernandez.  The  entire  government  is 
managed  by  a  captain-general  ;  each  of  the  provinces  is  ruled 
by  a  prefect,  or  corregidor.  There  are  two  vast  bishoprics, 
Santiago  and  Conception,  both  suffragans  of  the  Archbishop  of 
Lima.  The  inquisition  prevails  at  Santiago.  The  population 
is  singularly  mixed  ;  wealth  is  wasted  on  dress,  and  equipages 
and  titles  of  Castile  ;  a  countship  being  sold  at  so  much,  a 
niarquisate  at  so  much  more,  and  the  want  of  money  alone 
prevents  the  whole  people  from  being  a  nation  of  dukes.  Chili 
is  the  original  seat  of  vaccination  ;  and  among  its  medicinal 
herbs  the  vira-vira  expels  the  ague  ;  the  payco  assists  indiges- 
tions: the  culen  supplies  an  excellent  tea,  known  as  a  vermifuge; 
and  the  palqui  is  esteemed  a  superior  febrifuge  to  Peruvian 
bark. 

Brazil,  and  the  Portuguese  Possessions.— The  Portuguese 
possessions  extend  from  the  frontier  of  Dutch  Guiana,  in  lati- 
tude 3*^  north,  to  Port  St.  Pedro,  in  latitude  32°  south.  These 
35°  of  latitude  give  us  2100  geographical  miles  for  one  dimen- 
sion, and  the  other  extent  is  even  more,  reckoning  from  Cape 
St.  Roque  to  the  settlement  of  St.  Paul  de  Oraaguas,  on  the 
river  Amazons.  The  chief  city  of  Brazil  is  San-Salvador,  but 
Rio-Janeiro  is  more  celebrated  for  its  commerce ;  and  the 
chief  settlements  are  Para-Cano,  on  the  estuary  of  the  Mara- 
non ;  Pernambuco,  Sergippe,  Paraiba,  Villa-Grande,  &c.  But 
the  w  hole  territory  of  Brazil  is  now  divided  into  eight  inde- 
pendent governments,  besides  that  of  Rio-Janeiro;  and  the 
whole  is  now  under  the  immediate  eye  of  the  Emperor,  of 
the  family  of  the  king  of  Portugal.  The  population  is  esti- 
mated at  2.50,000  whites  ;  (iOO.OOO  negroes;  and  1,0:)0,000  of 
natives.  The  climate  in  the  south  is  delicious,  and  the  soil 
fertile;  but  the  norih  is  exposed  to  rains,  thunder,  and  storms. 
The  valleys  are  rich,  tlie  forests  extensive,  and  tlie  rivers  and 
mountains  are  both  numerous  and  grand.  The  productions 
arc.  Brazil-wood,  ebony,  and  dye-woods ;  esculent  plants, 
common  to  tlic  tropical  climes  ;  raisins,  cotton,  cofl'ee,  rice, 
pepper,  and  fruits.  The  European  settlers  are  gay,  and  fond 
of  pleasure  ;  their  domestics  and  labourers  are  slaves  ;  and  the 
indigenes  are  irreclaimable  savages,  muscular  and  active. 
Rio-Janeiro  has  a  capacious  and  excellent  harbour,  protected 
by  the  castle  of  Santa-Cruz;  yet  both  here,  and  in  the  other 
towns,  the  ceremonies  of  religion  have  degenerated  into  a  vul- 
gar worship  of  images.  The  mines  of  diamo:uls,  in  the  pro- 
vince of  Serro-de-Frio,  and  about  latitude  17°,  (and  thus  cor- 
responding with  the  celebrated  diamond  mines  of  Visapour,  in 
Hindostan.)  are  very  much  fam( d,  lliough  the  brilliants  tliey 
produce  are  much  inferior  to  those  of  the  East,  being  of  a 
lirownisli  obscure  hue,  and  not  of  so  fine  a  water.  But  <linmonds 
are  baubles  in  comparison  of  the  valuable  herds  of  w  ild  catt'c 
which  range  the  forests  of  Brazil,  and  the  medicinal  plants  of 
high  estimation,  that  grow  spontaneously,  and  in  abundance. 

The  French  Settlements  in  Guiana. — These  settlement.? 
extend  about  3.')0  miles  in  length,  by  210  in  breadth  ;  and  the 
chief  town  is  Cayauo,  whence  the  whole  territory  is  called 
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Cayenne.  The  soil  and  climate  are  good,  the  Cayenne  pepper 
is  well  known ;  and  the  other  products  are,  sugar,  cocoa, 
vanilla,  and  indigo. 

The  Dutch  Possessions. — These  are  Dutch  Guiana,  called 
also  Surinam,  in  leng,th  3.50  miles  along  the  coast  of  the  Atlan- 
tic, by  160  in  breadth  inland.  The  chief  towns  are,  Para- 
maribo, on  the  west  bank  of  the  Zealand  river  ;  and  Demarara, 
on  the  river  Esiquibo.  It  was  this  country  that  the  unfor- 
tunate Raleigh  attempted  to  penetrate,  by  the  river  Caroni, 
to  the  lake  of  Parima,  whose  sands  were  fabled  of  gold  dust, 
and  in  the  vicinity  of  which  was  the  golden  city  of  Manoa  del 
Dorado.  In  the  botany  of  Surinam  we  may  notice  its  palms, 
of  majestic  height;  the  quassia;  the  castor-oil  nut;  ipeca- 
cuanha ;  caoutchouc,  or  ladian  rubber :  and  poisonous  trees 
and  climbers  abound.  The  entangled  forests,  and  the  swamps, 
are  the  sure  retreats  of  panthers,  serpents,  and  abominable 
reptiles. 

Native  Tribes  and  Unconquercd  Countries. — The  internal 
nations  are,  the  Abipons,  a  warlike  tribe,  and  chielly  cavalry  ; 
the  Mocohs  ;  the  Tobas  ;  and  the  Aucas,  in  the  same  quarter. 
Towards  the  sonthern  parts  are  the  Puelches,  or  Patagonians  ; 
the  Araucanos  ;  the  Telmels ;  and  the  Huilliehes.  The  Abi- 
pons bury  their  dead  under  the  shade  of  trees  ;  and  the  horses 
of  a  chief  are  always  sacrificed  at  his  death.  The  Patagonians 
are  the  wandering,  but  humane  Tartars  of  South  America. 
And  they  bury  their  dead  in  a  sitting  posture,  in  square  pits, 
with  their  weapons  and  cups  beside  them.  These  pits  aie 
annually  opened  by  the  matrons,  and  the  bones  of  the  skele- 
tons dressed,  those  of  the  slain  horses  around  being  supported 
by  props.  Or  they  transport  their  dead  to  the  sea-shore,  where 
they  deposit  them  in  tents,  with  the  skeletons  of  their  horses 
placed  around. 

Islands  belonging  to  South  America. — These  are  the  Gala- 
pagos ;  the  isle  of  St.  Felix  ;  Juan  Fernandez  ;  the  archipela- 
goes of  Guaytecas  and  Toledo:  in  the  former  is  the  isle  of 
Chiloe,  140  miles  long,  and  .30  broad  ;  in  the  latter  is  the  isle 
of  St.  Martin,  with  some  Spanish  factories.  Terra-del-Fuego, 
a  dreary  region,  inhospitable  and  cold  ;  and  the  isle  of  Stal en- 
land,  is  divided  from  Terra-del-Fuego  by  the  straits  of  the 
Mairo.  These  countries,  though  in  the  reverse  parallel  of  lati- 
tude (that  is  to  say,  in  65|°  south  latitude,)  corresponding 
with  Newcastle-upon-Tyne,  in  Northumberland,  are  yet  more 
cold,  and  more  severely  frozen,  than  Lapland,  in  70°  of  latitude 
North.  The  Falkland  isles,  (or  Malouins,  as  the  French  call 
tliem,)  boast  of  two,  about  40  miles  square,  each  ;  but  the  abun- 
dance of  fowl  and  (ish,  caught  here,  ill  make  up  the  deficiencies 
felt  from  the  poverty  of  the  soil,  and  the  perpetual  storms 
which  vitiate  the  climate.  The  isle  of  Georgia,  to  the  south- 
east of  the  Falkland  islands,  though  a  land  of  ice,  witli  vales 
destitute  of  trees  and  shrubs,  and  presenting  only  a  coarse 
species  of  grass,  is  inhabited  by  the  hardy  lark. 

Southern  or  Antarctic  Continent. — This  important  discovery, 
which  will  be  attended  with  incalculable  advantages  to  our 
trade  in  the  South  Seas,  was  made  in  1819  by  a  Mr.  Smith, 
master  of  the  William,  of  Blythe,  in  Northuiiiberland.  Our 
South  Sea  traders,  who,  during  hostilities  between  this  country 
and  Spain,  have  been  subjected  to  the  greatest  diliieulties  and 
privations,  will  now  be  independent  of  Spain,  or  any  other 
power  possessing  South  America.  Mr.  Smith  ran  for  2  or  300 
miles  along  this  continent,  which  formed  large  bays,  abounding 
with  the  spermaceti  whale,  seals,  &c.  The  drafts  and  sound- 
ings taken  by  the  discoverer,  are  in  the  pos.tession  of  our 
government.  The  following  is  the  brief  account  which  has 
been  given  of  this  discovery  : — "  A  Mr.  Smith,  master  of  the 
William,  of  Blythe,  in  Northumberland,  and  trading  between 
the  Rio  Plata  and  Chili,  in  endeavouring  to  facilitate  his  pas- 
sage round  Cape  Horn,  in  1819,  ran  to  a  higher  latitude  than 
is  usual  in  such  voyages,  and  in  latitude  02.  30.  and  60.  west 
longitude,  discovered  land.  As  circumstances  would  not  admit 
of  a  close  examination,  he  deferred  it  until  his  return  to  Buenos 
Ayres,  when  he  made  such  further  observations  as  convinced 
him  of  the  importance  of  his  discovery.  On  making  it  known 
at  Buenos  Ayres,  speculation  was  Set  on  the  alert;  and  the 
Americans  at  that  pjace  became  very  anxious  to  obtain  every 
information  necessary  to  their  availing  themselves  of  a  disco- 
very which  they  saw  was  pregnant  with  vast  benefit  to  a  com- 
4. 


mercial  people.     Captain  Smith  was,  however,  too  much  of  an 

Englishman  to  assist  their  speculations,  by  affording  them  that 
knowledge  of  his  secret  which  it  was  so  necessary  for  them  to 
possess,  and  was  determined  that  his  native  country  only 
should  enjoy  the  honour  and  advantages  of  his  discovery  ; 
and  on  his  second  voyage  to  Valparaiso,  he  devoted  as  much 
time  to  the  development  of  it  as  was  consistent  with  his  pri- 
mary object,  a  safe  and  successful  voyage.  He  ran  in  a  west- 
ward direction  along  the  coasts,  either  of  a  continent  or  numer- 
ous islands,  for  2  or  300  miles,  forming  large  ha\s,  and  abound- 
with  the  spermaceti  whale,  seals,  &e.  He  took  numerous 
soundings  and  hearings,  draughts  and  charts  of  the  coast;  and 
in  short,  did  every  thing  that  the  most  experienced  navigator, 
despatched  purposely  lor  the  object  of  making  a  survey,  could 
do.  He  even  landed,  and,  in  the  usual  manner,  took  possession 
of  the  country  for  his  sovereign,  and  named  his  acquisition 
New  South  Shetland.  The  climate  was  temperate,  tlie  coast 
mountainous,  apparently  uninhabited,  but  not  destitute  of 
vegetation,  as  firs  and  pines  were  observable  in  many  places; 
in  short,  the  country  had,  upon  the  whole,  the  appearance  of 
the  coast  of  Norway.  After  having  satisfied  himself  with  every 
particular  that  time  and  circumstances  permitted  him  to 
examine,  he  bore  away  to  the  north,  and  pursued  his  voyage. 
On  his  arrival  at  Valparaiso,  he  communicated  his  discovery  to 
Captain  Sherrilf,  of  his  Majesty's  ship  Andromache,  who  hap- 
pened to  be  there.  Captain  Sherrilf  immediately  felt  the 
importance  of  the  eomniunication,  and  lost  not  a  moment  in 
making  every  arrangement  for  following  it  up  ;  he  immediately 
despatched  the  William,  with  officers  from  the  Andromache, 
and  in  this  stage  the  last  letter  from  Chili  left  the  expedition, 
with  the  most  sanguine  expectation  of  success,  and  ultimate 
advantages  resulting  from  it ;  and  if  we  are  correctly  informed, 
a  fully  detailed  narrative  has  been  forwarded  to  government." 
— Captain  Cook  penetrated  to  a  much  higher  latitude,  and 
drew  his  conclusion  from  observing  nothing  but  vast  moun- 
tains of  ice  ;  yet  his  meridian  was  45  degrees  further  to  the  west 
of  New  South  Shetland,  leaving  avast  space  unexplored  on 
the  parallel  of  62,  between  that  and  Sandwich  Laisd,  in  longi- 
tude 28  west.  He  again  made  67,  or  thereabouts,  but  in  longi- 
tude 137  to  147  west.  Perouse  ascended  no  higher  than  60.  30  ; 
Vancouver  aboutSS. — The  Russian  antarctic  expedition,  under 
Captain  Bellinghausen,  has,  in  1819  to  1824,  discovered  two  new 
islands  within  the  antarctic  circle.  Both  islands  lie  in  about 
69°  south  latitude  ;  one  of  them,  the  isle  of  Alexander  I.  in  73° 
west  longitude  ;  the  other,  Peter  Island,  in  19°  west  longitude. 
Both  were  closely  enveloped  in  ice,  and  no  examination  could 
be  made  of  them. 

AMETHYST,  a  transparent  gem  of  a  purple  colour,  found 
in  the  East  and  West  Indies,  and  several  parts  of  Europe.  lo 
Heraldry,  the  term  signifies  purple  colour. 

AMIANTHUS,  in  Mineralogy,  earth  llax,  a  fibrous,  flexible, 
elastic,  mineral,  found  in  Germany  ;  and  by  Kirwan  classed 
along  with  the  mnriatic  genus  of  earths,  because  it  contains 
about  one-third  part  of  magnesia. 

AMMI,  Bishop's  weed,  the  seeds  of  which  are  ranked  among 
the  four  lesser  hot  seeds  ;  but  are  scarcely  otherwise  ma<le  use 
of  than  as  an  ingredient  in  theriaca. 

AMMODYTES,  the  sand  eels. 

AMMON,  the  Egyptian  Jupiter,  w  orshipped  under  the  figure 
of  a  ram. 

AMMONIA,    a  volatile   alkali. 

AMMONIAC,  a  vegetable,  gummy,  resinous  juice. 

Sal  Ammoniac,  muriate  of  ammonia,  a  native  salt. 

AMNIOS,  a  thin  pellucid  membrane  that  surrounds  the 
foetus  in  the  womb. 

AMOMUM,  ginger,  which  is  cultivated  like  potatoes,  both 
in  the  East  and  West  Indies.  The  uses  of  the  root  of  this 
plant,  both  as  a  spice  and  medicine,  are  well  known.  In  culi- 
nary matters,  ginger  is  one  of  the  best  subslilntcs  for  eugs, 
as  in  making  common  suet  dumplings,  and  puddings  of  all 
kinds. 

AMORTIZATION,  alienation  of  lands  to  a  corporation  and 
their  successors. 

AMPELITES,  cannel  coal,  or  candle  coal.     Sec  Coal. 

AMPHIBIOUS  Animals,  include  all  animals  that  live  with 
equal  facility  on  land  or  in  water,  and  some  others  which  do 
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not  exactly  conform  to  this  description.  The  amphibia,  from 
the  structure  of  their  organs,  and  the  power  tliey  possess  of 
suspeudiufj  respiration  at  pleasure,  support  uninjured  a 
change  of  element,  and  endure  a  very  long  abstinence.  The 
lungs  dilVer  in  appearance  from  those  of  other  animals.  Num- 
bers of  amphibia  possess  a  high  degree  of  productive  power, 
and  will  be  furnished  with  new  feet,  tails,  &c.  when,  by  any 
accident,  those  pans  have  been  destroyed.  Their  bodies  are 
sometimes  defended  by  a  hard,  horny  shield  or  covering;  some- 
times by  a  coriaceous  or  leathery  integument ;  sometimes  by 
scales;  sometimes  they  have  no  particular  coating.  The  am- 
phibia, in  general,  are  tenacious  of  life,  and  continue  to  move 
and  exert  many  of  the  animal  functions,  when  deprived  of  the 
head  itself.  By  far  the  greater  part  are  oviparous,  some  exclud- 
ing eggs,  covered  with  a  hard  or  calcareous  shell,  like  those  of 
birds;  others,  such  as  are  covered  only  with  a  tough  skin, 
resembling  parchment  ;  and  in  many,  they  are  perfectly  gela- 
tinous, without  any  kind  of  external  covering,  as  in  the  spawn 
of  a  frog.  The  amphibia  are  divided  intoREPTiLT.4,  containing 
the  amphibia  pedata,  or  footed  amphibia  ;  and  the  serpentes, 
or  footless  amphibia.  In  the  Reptilia,  there  are  four  genera: 
1.  Testudo,  tortoise,  turtle.  2.  Rana,  frog,  toad.  3.  Draco, 
dragon,  or  llying  lizard.  4.  iacei<ii,  lizards,  crocodile,  chaniae- 
leon,  newt,  salamander,  iguana.  Reptiles  are  characterized  by 
breathing  through  their  mouths  ;  and  by  having  feet,  and  flat 
naked  ears  ;  of  this  order  are  frogs,  lizards,  and  tortoises. 
Serpents  are  distinguished  as  being  without  feet,  but  frequently 
armed  with  a  deadly  poison,  contaiBed  in  fangs  resembling 
teeth.  In  cold  and  temperate  climates  they  conceal  themselves 
in  winter  in  cavities  beneath  the  surface  of  the  ground,  where 
they  become  torpid.  Some  serpents  are  viviparous,  as  the  rat- 
tlesnake, the  viper,  &c. ;  but  those  which  are  innoxious  are 
oviparous,  depositing  their  eggs  in  a  kind  of  chain  in  a  warm 
situation,  v^here  they  are  afterwards  hatched.  The  broad 
laminae  on  the  bellies  of  serpents  are  termed  scuta,  and  the 
smaller,  or  divided  ones,  beneath  the  tail,  are  called  scales,  and 
from  these  the  genera  are  characterized. 

AMPHICROSTYLES,  a  temple  with  four  columns  In  front, 
and  four  in  rear. 

AAIPHICTYONS,  an  assembly  composed  of  deputies  from 
the  diilerent  stp^tes  of  Greece. 

AMPHISCII,  those  who  inhabit  the  torrid  zone. 

AMPHITHEATRE,  an  elliptical  building,  in  which  specta- 
tors assembled  to  witness  spectacles  of  wild  beasts,  gladiators, 
&c.  The  nobility  of  Rome  who  courted  popular  favour,  vied 
with  one  another  in  entertaining  the  people  with  these  horrid 
amusements.  Lucius  Metellus,  Poiiipey,  Ca-sar,  Augustus, 
and  Vespasian,  with  his  son  Titus,  all  erected  amphitheatres. 
Herod  of  Judea  erected  amphitheatres  both  at  Jerusalem  and 
Caesarea.  During  the  reign  of  Tiberius,  the  amphitheatre  of 
Fidenje  fell,  and  buried  in  its  ruins  about  .50,000  persons. 

AMPLIFICATION,  the  enlarging  of  a  narration  ;  and  the 
soul  of  discourse  with  the  ancients. 

AMPLITUDE,  an  arc  of  the  heavens  intercepted  between 
the  east  and  west  point,  and  the  centre  of  the  sun  or  of  a 
planet,  when  rising  or  setting ;  and  so  is  either  north  or  south, 
orlive  or  occasive. 

AMPUTATION,  th3  cutting  off  a  limb,  &c.     See  Si'Rgery. 

AMULET,  a  charm,  talisman,  or  preventive  against  mis- 
chief, witchcraft,  and  diseases;  and  usually  made  of  such  stuff 
as  the  imagination  of  impostors,  and  the  credulity  of  simple- 
tons, can  devise :  as,  a  stone,  or  a  piece  of  metal ;  an  animal ;  the 
letters  of  the  alphabet,  &c. 

Amulet,  To  ntalw  an.  Put  a  quarter  of  a  pound  of  butter 
into  a  frying  pan  ;  break  six  eggs,  beat  them  a  little,  and  strain 
them  through  a  hair  sieve.  Put  them  in  when  the  butler  is 
hot,  and  strew  a  little  shred  of  parsley  and  boiled  ham  scraped 
fine,  with  nutmeg,  pepper,  and  salt.  Fry  it  hrnwn  on  the  under 
side  :  lay  it  on  your  dish,  but  do  not  turn  it.  Hold  a  hot  sala- 
mander half  a  minute  over  it,  to  take  off  the  raw  look  of  the 
eggs  :  stick  curled  parsley  in  it,  and  serve  it  up.  .Some  put 
in  clary  and  chives,  or  onions.  We  have  esten  Amulets  ma<Ie 
both  ways;  and  a  substantial  dish  they  make, for  a  long  journey. 

Ami'Let  of  Asparar/ns,  To  make  an.  Take  six  eggs,  beat  them 
up  with  cream;  boil  some  of  the  largest  and  finest  asparagus. 
When  boiled,  cot  off  the  green  and  small  pieces,  and  mix  tlicm 


with  the  eggs,  and  some  pepper  and  salt :  make  your  pan  hot, 
put  in  a  slice  of  butter,  then  your  eggs,  &c.  and  send  them  up 
hot — on  buttered  toasts,  if  you  please. 

AMYGDALUS,  sweet  or  bitter  almonds.     See  Almonds. 

AMYLACEOUS,  a  term  applied  to  the  fine  flour  of  farina- 
ceous seeds,  in  which  consists  their  nutritive  part. 

ANACLASTIC  Glasses,  sonorous  glasses,  made  chiefly  in 
Germany.  They  resemble  inverted  funnels,  w  hose  bottoms  are 
as  thin  as  the  peel  of  an  onion  ;  and  upon  applying  the  mouth 
to  the  orifice,  and  gently  sucking  out  the  air,  the  bottom  gives 
way  with  a  crash,  and  the  convex  becomes  concave.  Breathe 
into  the  orifice,  and  the  vessel  becomes  gibbous  as  before. 

ANACONDO,  a  large  and  terrible  snake,  found  in  Ceylon. 

ANAGALLIS,  pimpernel;  to  the  leaves  of  wliich  many 
extraordinary  virtues  have  been  attributed. 

ANAGYRIS,  bean  trefoil. 

ANALOGY,  a  certain  relation  or  agreement  between  two 
or  more  things.  In  reasoning,  analogy  serves  to  explain  or 
illustrate.  Every  physical  resemblance  may  be  reduced  to  two 
or  more  equalities;  and  every  moral  resemblance  to  two  or 
more  identities  ;  and  these  are  discernible  only  by  intellect. 

ANALY^SIS,  generally  speaking,  the  resolution  of  something 
into  its  constituent  parts;  in  Mathematics,  the  method  of 
resolving  problems  by  means  of  algebraic  equations,  which 
consider,  in  a  single  line,  what  in  the  ordinary  process  would 
occupy  pages.  Analysis  is  divided  into  finite  and  infinite, 
determinate  and  indeterminate  and  residual.  Analysis  of 
powers.     Analysis  of  curves,  &,c.     Hence, 

ANALYST,  one  skilled  in  Algebra;  and 

ANALYTICS,  the  science  or  doctrine  of  analysis 

ANAMORPHOSIS,  in  Perspective  and  Painting,  a  mon- 
strous projection,  or  representation  of  some  image,  either  on  a 
plane  or  curve  surface,  deformed  or  distorted  ;  but  which,  in  a  cer- 
tain point  of  view,  shall  appear  regular,  and  in  just  proportion. 

ANASARCA,  a  species  of  dropsy. 

ANASTATICA,  the  rose  of  Jericho. 

ANASTROUS  Signs,  in  Astronomy,  a  name  given  to  the 
duodecatemoria,  or  the  twelve  portions  of  the  ecliptic,  which 
the  signs  anciently  possessed,  but  which  ha(ve  since  been 
deserted  by  the  precession  of  the  equinoxes. 

ANATOMY,  the  dissection  and  study  of  the  human  body, 
which  is  a  compound  of  solids  and  fluids.  The  solids  are  the 
bones,  muscles,  &c. ;  the  fluids  are  the  blood,  secretions,  &c. 
The  bones  are  hard,  white,  insensible  substances,  full  of  spongy 
cells  and  neticular  fibres.  The  bones  of  every  skeleton  arc 
perfectly  adapted  to  the  extremity  of  those  with  which  they 
arc  connected  ;  and  this  connexion  forms  what  is  called 
Articulation.  The  cartilages  are  white,  smooth,  solid,  but 
elastic  substances,  whose  number  in  the  adult  subject  is  less 
than  in  children.  The  periosteum,  a  fine  membrane  of  a  cel- 
lular texture,  covers  the  hones  at  their  joints,  and  is  supplied 
with  nerves,  lymphatic  ves.sels,  &c.  The  marrow,  a  fat  oily  sub- 
stance filling  the  cavities  of  the  bones,  is  supplied  with  nume- 
rous blood-vessels  from  the  periosteum.  The  marrow  seems  to 
be  to  the  bones  what  fat  is  to  the  muscles.  The  synovial  glands 
lubricate  the  joints.  The  ligaments  tie  the  bones  together. 
The  bursa  mucosa  are  sacs  capable  of  confining  air  or  any  other 
fluid  ;  they  are  placed  between  the  tendons  and  the  bones,  or 
beyond  these,  and  sometimes  at  the  extremities,  and  they  are 
lubricated  by  a  liquid  resembling  that  wliich  lubricates  the 
joints.  The  shrleton,  di\ided  into  the  head,  trunk,  and  limbs, 
is  merely  an  assemblage  of  the  bones  of  an  animal,  united  in 
their  natural  order.  The  common  integuments,  with  their 
appendages,  are  the  cuticle  or  scarf-skin,  which  invests  the 
body  every  where,  and  covers  the  true  skin.  The  rete  mucn- 
stim,  is  a  mucous  substance  between  the  epidermis  and  cuticle, 
which  gives  colour  to  the  body;  for  in  negroes  it  is  perfectly 
black,  while  the  true  skin  is  of  the  ordinary  colour.  The  cutif,  or 
true  skin,  is  that  from  which  leather  iriay  be  made,  and  has 
throughout  its  whole  surface  innumerable  papillie,  calculated 
to  receive  the  impressions  of  tou(tli.  Thus  the  rete  mucosum 
keeps  the  cuticli!  and  cutis  soft,  and  the  cuticle  protects  both. 
Insensible  perspiration,  or  that  subtile  vapour  exhaled  from  the 
body  by  the  glands  of  the  skin,  becomes,  by  union  and  conden- 
sation from  the  atmosphere,  drops  of  sweat,  which  are  analo- 
gous to  urine  iu  taste  and  nature.     Accordingly,  as  either  of 
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these  secretions  is  increased,  the  other  is  diminished.  The 
nails  cover  and  defend  the  exterior  points  of  the  fingers  and 
toes,  as  hard  transparent  horns.  The  hair,  growjn);  from 
distinct  bulbs  in  the  skin,  covers  the  liead  and  dilferent  parts 
of  the  body.  The  cellular  membrane  and  fat,  are  reservoirs  of 
oilj  matter  from  the  blood,  that  alford  moisture  to  the  parts 
with  which  they  are  connected.  The  nmscles  are  the  fleshy 
organs  of  motion  ;  and  are  divisible  into  acute  and  insensible 
organs.  The  abdomen, or  lower  belly,  contains  the  perilunium, 
surrounding  the  viscera;  the  omentum  is  a  cawl,  or  double 
membrane,  interlarded  with  fat,  and  floating  on  the  surface  of 
the  intestines  ;  the  stomach,  a  large  bag  lying  across  the  upper 
part  of  the  abdomen,  which  receives  the  aliment  through  the 
oesophagus  cardia.  The  eesophaffvs,  or  gullet,  resembles  a 
funnel  or  canal,  extending  from  the  bottom  of  the  mouth  down 
to  the  diaphragm,  or  about  the  11th  or  12th  vestebra  of  the  back, 
where  it  terminates  in  the  stomach.  The  intestines  form  a 
canal  about  six  times  the  length  of  the  body,  extending  from 
the  inferior  orifice  of  the  stomach  to  the  anus,  being  divided 
into  two  classes,  the  large  and  small.  The  mesentery  is  a  part 
of  the  peritoneum,  situated  amid  the  intestines.  The  pancreas 
is  a  conglomerate  gland  situated  behind  the  stomach,  and 
serving  by  its  liquor  to  dilute  the  alimentary  pulp,  and  to 
incorporate  it  more  easily  witli  the  bile.  The  liver,  a  glandular 
substance  formed  for  the  secretion  of  the  bile,  is  placed  in  the 
right  hypochondrium,  under  the  false  ribs. — There  are  various 
other  parts  of  the  abdomen,  which,  in  a  popular  work,  may  be 
advantageously  omitted.  The  thorax,  or  chest,  contains  the 
breasts,  the  pleura,  thymics,  diaphragm,  trachea,  the  lungs,  the 
functions  of  respiration,  and  of  voice.  And  under  this  division, 
surgeons  reckon  digestion,  or  the  voiding  of  the  feces;  the  peri- 
cardium ;  the  heart  and  its  auricles  ;  the  blood-vessels  ;  arte- 
ries ;  glands  and  secretions ;  the  brain  nerves  ;  the  senses  and 
their  organs,  as  touch,  taste,  smelling,  hearing,  vision,  8i,c. 

CV/H/ywoa^nie  Anatomy  examines,  1st.  The  general  variations 
in  the  organization  and  funcllons  of  animals.     2d.  The  general 
relations  which  take  place  among  the  variations  of  organiza- 
tion and  functions.     3d.  The  arrangement  of  animals  founded 
on  the  general  dili'erencc  of  their  organization,  ascending  from 
the  simplest  to  the  most  perfect  structure  ;  4th,  the  anatomy  of 
inamnialia.  or  quadrupeds;  5lh,   of  birds;  Cth,    of  reptiles; 
7th,  of  fishes  ;  8th,  of  mollusca  ;  9th,  Crustacea  ;  lOth,  insects  ; 
11th,  worms;  and  12th,  zoophytes. 
ANCHILOPS,  a  tumor  near  the  inner  angle  of  the  eye. 
ANCHOR,  a  crooked  instrument  of  iron,  dropped  from  a 
ship  into  the  sea,  to  moor  her  io 
some  particular   station.     In  the 
diagram,  fig.  65,  4  is  a  strong  bar 
of  iron,  at  the  lower  end  of  which 
are   the  two   arms   d,e,   of  equal 
thickness  wilh  the  beam  0,  which 
is  usually  called  the  shank.     The 
arms  taper,  and  are  fixed  at  an 
angle  of  30  degrees  ;  (/  and  h  are 
the  flukes  of  the  anchor,   shaped 
like  an  isosceles  A.     The  stock  is 
_a  long  beam  of  oak  at/,  consist- 
ing of  two  pieces  strongly  bolted 
togelher,  as.  seen  in   fig.  C6 ;    in 
■which  is  a  massive  ring,  to  which 
the  cable  is  fastened.     Every  ship 
lias  three  principal  anchors,  wilh  a 
cable  to  each ;  viz.  the  sheet,  best 
bower,     and     small     bower     an- 
chors. 

Method  of  maldng  Anchors. — 
The  goodness  of  an  anchor  is  of 
Sreat  importance,  and  care  in 
therefore  taken,  that  the  metal  it 
is  made  of,  be  neither  too  soft  nor 
too  brittle,  the  latter  rendering  it 
liable  to  break  ;  and  the  former  to 
straighten.  The  shanks,  arms,  and 
flukes,  are  forged  separately,  then 
the  hole  is  made  at  one  end  of  the  shank  for  the  ring  which  is 
put  into  the  hole  of  the  shank,  and  the  two  ends  shut'lof  clh 
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After  which,  the  arms  are  shut  to  the  shank  one  after  the  otlier. 
and  the  anchor  is  finished.  Proofis  made  of  anchors,  as  of  coats 
of  mail  anciently,  by  rais:,.g  them  to  a  great  height,  and  thea 
letting  them  fall  again  on  a  kind  of  iron  block,  placed  across 
for  the  purpose.  To  try  whether  the  tlukes  will  turn  to  the 
bottom  and  take  hold  of  the  ground,  they  place  the  anchor  on 
an  even  surface,  with  the  end  of  one  of  the  flukes,  and  one  of 
the  ends  of  (he  shank,  resting  on  the  surface  :  in  case  the  anchor 
turns,  and  the  point  of  the  fluke  rises  upwards,  the  anchor  is 
good.  In  England,  France,  and  Holland,  anchjrs  are  made 
of  forged  iron  ;  but  in  Spain,  and  several  parts  of  the  South 
Sea,  they  are  sometimes  made  of  copper.  For  the  proportions 
of  anchors,  the  shank  is  tlirice  the  length  of  one  of  the  flukes, 
and  half  the  length  of  the  beam  ;  or  the  length  of  the  anchor  is 
four-tenths  of  the  greatest  breadth  of  the  ship.  So  that  the 
shank  of  an  anchor,  in  a  vessel  30  feet  wide,  must  be  12  feet 
long.  When  the  shank  is  eight  feet  long,  (he  two  arms  are 
seven  feet  long,  measuring  them  according  to  their  curvity. 
As  to  the  degree  of  curvity  given  the  arms,  there  is  no  rule  iii 
it ;  the  w orkmen  are  here  left  to  their  own  discretion.  The 
anchor  of  a  large  heavy  vessel  is  smaller  in  proportion  than 
that  of  a  lesser  and  lighter  one:  because  the  sea  employs 
an  equal  force  against  a  small  vessel  as  against  a  great  one. 
Supposing  the  extent  of  wood  upon  which  the  water  acts,  to 
be  equal  in  both,  yet  the  smaller  vessel,  by  reason  of  its  supe- 
rior lightness,  does  not  make  so  much  resistance  as  the  greater; 
the  delect  whereof  must  be  supplied  by  the  weight  of  the 
anchor.  From  hydrostatic  principles,  the  following  Table  has 
been  formed  ;  wherein  is  shewn,  by  means  of  the  ship's 
breadth  within,  the  proportions  in  lengtli  of  the  other  parts  of 
the  anchor.  In  tlus  Table  is  represented  likewise  the  weight 
an  anchor  ought  to  be  for  a  ship  from  8  to  45  feet  broad, 
increasing  by  the  breadth  of  one  foot  ;  supposing  that  all 
anchors  are  similar,  or  that  their  weights  are  as  the  cubes  of 


the  lengths  of  the  shank 

M.   Bouguer   directs   to 
take  the  length  of  the  shank 
in  inches,  aod  to  divide  the 
cube  of  it  by  lieo  for  the 
weight,   because  the   quo- 
tient   of  the   cube  of  201 
inches,  wliich  is  the  length 
of  an  anchor  weighing  7000 
lb,  divided  by  the  weight, 
is   IIGO;   and  therefore,  by 
the  rule  of  three,  this  will 
be   a  common   divisor   for 
the  cube  of  any  lengtli,  and 
a  single  operation  will  suf- 
fice.      The    same     author 
gives  the  dimensions  of  the 
several  parts  of  an  anchor, 
thus  : — The  two  arms  gene- 
rally form  the  arch  of  a  cir- 
cle, whose  centre  is  three- 
eighths  of  the   shank  from 
the  vertex,  or  point  where 
it  is    fixed  to  the  shank; 
and  each  arm  is  equal  to 
the    same    length,    or   the 
radius  ;    so    that   the   two 
arms    together    make    an 
arch   of   120  degrees:  the 
flukes   are   half  the  length 
of    the    arms,     and     their 
breadth    two-fifths   of   the 
said  length.     With  respect 
to   the   thickness,  the   cir- 
cumference at  the    throat 
or  vertfx  of  the  shank,   is 
generally    made    about    a 
fifth  part  of  its  length,  and 
the  small  end  two-thirds  of 
the  throat;  the  small   end 
of  the   arms  of  the  flukes, 
three-fourths    of    the    cir- 
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camference  of  the  shank  at  the  lliroat.  This  dimension  should 
be  greater  when  the  iron  is  of  a  bad  ((uality,  especially  if  cast 
iron  is  used  instead  of  forced  iron. 

At  Anchok,  the  situation  of  a  ship  when  she  rides  upon 
her  anchors. Ail  Improved  Anchor  Launch    or  Boat,  for 


large  ships  has  recently  been  invented.  In  the  middle'  af  the 
boat  a  bottomless  well-hole  is  constructed  in  the  form  of  a 
cross,  of  suitable  dimensions  to  admit  the  flukes  of  the  anchor 
(when  in  an  upright  position)  down  one  of  the  arms  of  the 
cross,  and  the  stock  of  the  anchor  down  the  other.  In  order 
to  send  out  and  drop  an  anchor,  it  is  lowered  down  into  the 
well-crop  of  the  boat  from  the  bow  of  the  ship,  and,  thus  sus- 
pended to  the  boat,  it  is  secured  by  lashing,  so  that  it  may  be 
cut  away  and  dropped  at  the  instant  it  is  required.  Previous 
to  lowering  the  anchor  from  the  ship  into  the  boat,  the  cable  is 
slackened  out,  and  drawn  up  through  the  well-hole  ;  the  anchor 
being  then  placed  as  before  mentioned,  the  cable  is  fastened 
to  the  ring  of  it,  in  such  manner  as  to  be  clear  of  the  boat 
when  the  anchor  falls.  Several  of  these  anchor  launches  are 
at  present  in  use  in  the  navy. 

Anchor  Ground,  a  bottom  of  sea  neither  too  deep,  too  shal- 
low, nor  rocky.  In  Architecture,  anchors  are  ornaments 
among  the  borillons  of  the  Tuscan,  Doric,  and  Ionic  capitals. 
In  Heraldry,  emblems  of  hope,  either  spiritual  or  temporal. 

ANCHUSA,  yellow  anchusa,  or  blue-flowered  bugloss  :  the 
juice  of  its  corolla,  or  flower,  gives  out  to  acids  a  beautiful 
green.  An  infusion  of  these  flowers  refresh  the  patient  in  hot, 
bilious,  and  inflammatory  distempers. 

ANCONES,  the  corners  or  quoins  of  walls,  cross-beams, 
rafters,  &c. 

ANCYLOBLEPHARON,  a  disease  of  the  eye,  which  closes 
the  eyelids.  If  the  cohesion  is  on  the  cornea,  the  sight  is 
inevitably  lost.  If  the  eyelids  adhere  to  the  eye,  they  are  to 
be  separated  by  a  fine  knife,  and  their  re-union  prevented  by 
injections,  and  lint  placed  between  them,  after  dipping  it  in 
some  proper  liniment. 

ANCYLOGLOSSUM,  a  contraction  of  the  ligaments  of  the 
tongue  :  some  have  this  imperfection  from  their  birth  ;  others 
from  some  disease.  In  the  former  case,  the  IVirnulum  may 
stretch  by  the  child's  sucking,  or  it  may  be  snipped  by  a  pair 
of  scissars,  but  not  torn  by  the  finger:  the  ulcers  must  be 
cured  by  surgical  assistance. 

ANCYLOSIS,  a  distorlion  or  stilfncss  of  the  joints,  caused 
by  a  settlement  of  tlie  humours,  or  a  distention  of  the  nerves  ; 
and  therefore  remedies  of  a  mollifying  and  rcla.xing  nature  are 
required. 

ANDANTE,  in  Music,  a  movement  moderately  slow,  be- 
tween larc/o  and  aller/yo. 

ANDRACHNE,  bastard  orpine. 

ANDROGYNOUS,  In  Zoology,  an  appellation  given  to 
animals  which  have  both  the  male  and  female  sex  in  tlie  same 
individual.  In  Botany,  the  term  is  applied  to  sucli  plants  as 
bear  both  male  and  female  flowers  on  the  same  root. 

ANDROIDES,  in  Mechanics,  a  figure  constructed  so  as  to 
imitate  the  actions  of  man,  as  the  automaton  chess-player.  See 
Chf.ss. 

ANDROMEDA,  in  Astronomy,  a  constellation  in  the  nortlicrn 
hemisphere,  of  which  the  chief  is  Almaac,  a  star  of  the  second 
magnitude.    The  stars  in  this  constellation  are,  in  Ptolemy's 


catalogue,  23,  in  Tyeho's  23,  in  Helvelius's  47,  and  in  Mr. 
Flamsteed's  not  less  than  CO.  Some  of  the  stars  or  Andromeda 
have  been  reckoned  among  the  changeable  stars,  whose 
brightness  varies. 

ANDROMEDA,  in  Botany,  March  cystus. 

ANDROPOGON,  in  Botany,  man's  beard. 

ANDRYALA,  downy  sowlhislle. 

ANEMONE,  wild  flower,  which  is  gently  astringent. 

ANEMOMETER,  in  Mechanics,  fig.  C8,  implicsa  machine 
for  measuring  the  force  and  velocity  of  wind.  Various  ma- 
chines of  this  kind  have  been  invented  at  different  times,  and 
by  different  persons.  Tlie  following  has  been  often  experi- 
enced, and  found  to  answer  the  iutcntioiis.  An  open  frame  of 
wood,  A  B  C  D  E  F  G  H  I,  is  sup- 
ported by  the  shaft  or  arbor  I. 
In  the  two  cross  pieces  H  K, 
L  M,  is  moved  an  horizontal  axis 
Q  RI,  by  means  of  the  four  sails, 
n  b,  c  m,  of,  y  It,  exposed  to  the 
wind  in  a  proper  manner.  Upon 
this  axis  is  fixed  a  cone  of  wood, 
M  N  O  ;  upon  which,  as  the  sails 
move  round,  a  weight,  R  or  S,  is 
raised  by  a  string  round  its  su- 
perficies, proceeding  from  the 
smaller  to  the  larger  end  N  O. 
Upon  this  larger  end,  or  base  of 
the  cone,  is  fixed  a  rachet-w  heel 
K,  in  whose  teeth  the  click  X 
falls,  to  prevent  any  retrograde 
from  the  depending  weight.  The 
structure  of  this  ma(-!iine  S'jffi- 
ciently  shews,  that  it  may  be 
accommodated  to  estimate  the 
variable  force  of  the  wind  ;  be- 
wiuse  the  force  of  the  weight  will 
continually  increase  as  the  string 
advances  on  the  conical  surface, 

by  acting  at  a  greater  distance  from  the  axis  of  motion;  con- 
sequently, if  such  a  weight  be  added  on  the  smaller  post  M,  as 
will  just  keep  the  machine  in  equiiibrio  in  the  weakest  wind, 
the  weight  to  be  raised,  as  the  wind  becomes  stronger,  will  be 
increased  in  proportion,  and  the  diameter  of  the  cone  N  O 
may  be  so  large  in  comparison  to  that  of  the  smaller  end  at  M, 
that  the  strongest  shall  but  just  raise  the  weight  at  the  greater 
end.  If,  for  example,  the  diameter  of  the  axis  be  to  that  of 
the  base  of  the  cone  N  O,  as  1  to  28  ;  then  if  S  be  a  weight  of 
I  pound  at  M  on  the  axis,  it  will  be  e(iuivalent  to  28  pounds 
when  raised  to  the  greater  end:  if,  therefore,  when  the  wind 
is  weakest,  it  supports  one  pound  on  the  axis,  it  must  be  28 
times  as  strong,  to  raise  the  weight  to  the  base  of  the  cone. 
If,  therefore,  a  line  or  scale  of  28  equal  parts,  be  drawn  on 
the  side  of  the  cone,  the  strength  of  the  wind  will  be  indicated 
by  that  number  on  which  the  string  rests. 

It  is  well  known  to  philosophers,  that  rain,  on  the  presence  or 
absence  of  which  at  the  dillereut  seasons  of  the  year,  vegeta- 
tion, and  the  success  of  agriculture,  in  great  measure  depend, 
and  also  the  temperature  of  the  atmosphere,  to  whose  influence 
both  animals  and  vegetables  are  subject,  arises  from,  or  at 
least  is  strictly  connected  with,  the  various  direefioiis  and 
velocities  of  winds.  Nor  has  it  escaped  observation,  that 
the  primary  cause  of  the  direction  of  the  wind  from  a  given 
quarter,  as  well  as  of  the  velocity  of  its  progress,  is  the  rarefac- 
tion of  the  atmospbeie  in  that  tract  towards  which  it  blows. 
I'lie  reason  why  air  does  not  rush  in  from  all  sides  towards  the 
rarefied  tract,  seems  to  me  to  be  the  inequality  of  its  density 
in  the  surrounding  tracts  ;  for  from  that  (piarler,  in  which  the 
mercury  in  the  haiometer  .•stands  highest,  the  air  must  pre- 
ferably proceed.  If  the  density  be  equal  on  all  sides,  as  in 
some  confined  tracts,  a  hurricane  happens  :  hence  the  advan.' 
tage  of  ascertaining  and  comparing  the  degrees  of  its  velocity  ; 
for,  those  being  known,  its  cause,  and  degrees  of  rarefaction, 
may  with  great  probability  be  inferred.  Two  causes  of  rare- 
faciion  are  already  known, — solar  heat,  and  some  ijiternal  che- 
mical action,  by  which  a  (juanlity  of  air  is  converted  into  water, 
and  sometimes  even  into  a  stony  substance ;  this  last  being 
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the  most  sudden  and  complete,  the  rarefaction  of  the  neigh- 
bouring air  arising  from  it  is  by  far  the  most  violent,  but  com- 
monly of  a  much  shorter  duration  and  more  limited  extent. 
An  accurate  measure  of  the  velocity  of  wind  has  long 
been  sought  by  meteorologists.  The  force  of  wind,  to  which 
the  degrees  of  its  velocity  are  proportional,  is  measured  by 
that  of  gravity,  indicated  in  pounds  and  parts  of  a  pound 
avoirdupois  ;  the  calculation  is  grounded  on  the  observations 
of  Mr.  Smeaton,  who  indeed  observes,  that  the  evidence  of  the 
velocity  is  not  so  great  where  this  exceeds  60  miles,  as  when 
50  or  under ;  yet,  from  its  agreement  with  other  observations, 
I  am  inclined  to  think  it  fully  sufficient.  A  velocity  of  123 
feet  per  second  was  observed  at  Petersburgh,  in  1741,  that  is, 
at  the  rate  of  83-8  miles  per  hour.  According  to  Lalande,  the 
course  of  the  trade-winds  is  between  6  and  7  miles  an  hour. 
Mr.  Hrice,  (Philosophical  Transactions,  1756,  p.  226,)  observed 
a  storm  whose  velocity  was  63  miles  per  hour.  A  fair  wind  at 
sea,  is  that  whose  velocity  amounts  to  20  feet  per  second,  or 
I6'63  miles  per  hour.  Bouguer  found  the  velocity  of  winter 
storms  to  be  about  34  miles  per  hour,  and  in  summer  nearly 
43.  Ibid.  The  distance  from  Holyhead  to  tlie  Pigeon-house, 
Dublin  Bay,  is  70  miles  ;  then  supposing  the  wind  to  be  direct, 
and  its  velocity  30  miles  per  hour,  and  if  we  suppose  the 
packet-boat  to  assume  04  of  the  velocity  of  the  wind,  it  will 
arrive  at  the  Pigeon-house  in  5-8  hours.  Let  W  denote  the 
velocity  of  wind  in  the  open  air,  or  meeting  no  opposition ; 
D  =r  the  distance  of  the  place  towards  whicdi  the  wind  tends  ; 
N  the  number  of  hours  it  requires  to  traverse  that  distance  ; 
then  any  two  of  these  being  known,  the  otbei  may  be  found  by 
the  following  formulas. 


Given. 

Sought. 

W.  D. 

N. 

W.  N. 

D. 

D.   N. 

W. 

N  = 
D  = 


WN  \ 


Thus 

if  W  =  .30,  D  =  70 

then 

N  =  'ji  =r  2-33 

1)=  30  X  2-33=:  70 

AV  =  ,-J,  =:  30. 

A  well-sailing  ship  assumes  1  the  velocity  of  the  wind, 
best-sailing  ship  0-4  of  the  \^ind's  velocity. 

The  ahove  Formulas  applied  to  the  Calculation  of  u  Ship's 


Given 

Souglit. 

04  W. 

I). 

N. 

N  -  — 

^^    —    0.4W 

0-4  W. 

N. 

D. 

D  =  0-4  w  N 

D. 

N. 

0-4  W. 

0-4  W  =   ° 

The 


Way. 


Thus  the  wind  30,  and  the  distance  70  miles,  then  the  number 
of  hours  requisite  to  traverse  that  distance  will  be  5-1  for 
30  X  0-4  =  12-0  and  12)70  =58  hours.  Again,  0-4  W  being 
12,  and  the  hours,  58,  being  given,  the  distance  70  miles,  we 
have  5-8  x  12  =  696,  by  the  second  formula.  And  lastly,  the 
number  of  hours  nz  5-8,  and  space  in  miles  =  70,  being  given, 
we  have  04  of  the  velocity  of  the  wind  zz  fg  =  12  ;  and  divid- 
ing this  by  0-4,  we  have  the  rate  per  hour  of  its  course  in  the 
lower  atmosphere. 

Dr.  Kincan's  Anemometer.  (See  Plate,  fig.  1.)  The  ane- 
mometer, with  a  vane  or  weather-cock  placed  on  the  top  to 
shew  the  direction  of  the  lighter  winds,  which  could  not'  be 
known  by  the  anemometer,  on  account  of  the  weight  of  the 
necessary  appendages  annexed  to  it.  This  is  raised  of  a  suffi- 
cient height  above  the  building,  supported  by  a  vertical  axis 
or  pole  ;  the  lower  end  of  it  passes  through  the  roof  and  ceil- 
ing into  an  apartment  below.  Fig.  2.  The  lower  part  of  the 
pole  or  vertical  axis  A  A,  fig.  1,  more  enlarged,  to  give  a  better 
view  of  the  necessary  appendages.  The  pole  is  made  of  a 
slender  spar.  Such  as  arc  made  use  of  for  strong  setting  poles 
for  lighters,  and  handles  for  boat-hooks,  as  not  afiected  by 
lightning,  which  iron  too  often  is,  and  the  cause  of  the  destruc- 
tion of  buildings  and  many  lives.  To  this  pole  is  fastened  a 
frame  of  light  wood  by  screws,  in  which  the  weights  are  con- 
fined, one  on  the  top  of  another,  in  grooves,  in  such  a  manner 
as  to  work  up  and  down  with  the  greatest  facility.  The  wei'-hts 
are  connected  together  by  cords,  and  marked  1,  2,  3,  4  &c  • 
the  space  between  each,  when  drawn  up  by  the  force  of  the 
wind,  is  about  one  inch,  as  may  be  seen  by  the  drawing,  and 
5. 


each  weighs  one  pound  avoirdupois.  To  the  top  weight  is 
fastened  a  line,  and  passing  along  the  pole  to  the  top,  and  over 
a  brass  pulley  fixed  at  the  bottom  of  the  square  tube,  under 
the  sliding  rod  B,  fig.  3,  as  far  as  a,  and  there  fastened  :  in 
this  sliding  rod  a  groove  or  channel  is  cut  underneath,  to 
receive  the  line,  so  as  not  to  impede  its  passage  over  the  bras.s 
rollers,/',/.  The  line  is  composed  of  a  number  of  common 
sewing-threads,  laid  in  did'erent  directions,  well  waxed,  and 
enclosed  in  a  cotton  case,  to  prevent  as  much  as  possible  its 
extension  or  contraction  by  the  changes  of  the  atmosphere. 
Fig,  3,  The  wooden  pipe  or  tube,  two  inches  square,  fastened 
on  the  top  of  the  pole  A  A,  fig.  I,  open  on  the  side,  to  shew  the 
manner  that  the  sliding  rod  B  passes  over  the  brass  rollers/,/,/, 
when  the  wind  is  sullicicntly  strong  to  lift  up  one  pound  by  its 
force  on  the  square  surface  presented  to  it,  as  4  and  c,  fig.  4. 
Fig.  4.  The  wooden  pipe  or  tube,  in  which  are  enclosed  the 
sliding  rod,  rollers,  and  line,  from  the  eflects  of  the  weather. 
Fig,  5,  The  wooden  frame,  made  of  light  wood,  one  foot  square, 
covered  over  with  very  thin  sheet  brass,  strongly  painted,  and 
varnished  with  copal.  This  frame  is  fastened  to  the  sliding 
rod  B,  fig.  3,  by  means  of  a  mortise,  &c.  Fig.  6.  An  enlarged 
view  of  the  scale  and  index,  which  marks  the  greatest  force  of 
the  wind  during  the  absence  of  the  observer,  which  is  attached 
to  the  frame  confining  the  weights,  as  G  H,  fig,  2  ;  and  being 
connected  with  the  hand  fastened  on  the  top  weight  (d  fig.  2,) 
raises  the  small  v\ci^hte;  and  this  being  counterpoised  by 
another  of  equal  weight,  by  means  of  a  line  passing  over  a 
small  pulley,  as  represented  by  this  figure,  aud  also  G,  fig,  2, 
occasions  the  small  weight,  with  its  index,  to  stop  at  the  num- 
ber of  pounds  raised  by  the  force  of  the  wind,  though  they 
should  fall  down  into  their  proper  places  on  the  wind's  abating. 
The  bottom  of  the  vertical  axis  or  pole  F,  fig,  2,  is  sheathed 
with  a  steel  point,  and  a  socket,  which  rest  on  a  wooden  stand 
or  frame,  as  at  D,  fig,  1,  so  as  to  turn  with  ease,  and  avoid  as 
much  as  possible  any  friction.  In  order  to  render  this  simple 
machine  more  complete,  and  answer  the  purpose  of  an  ane- 
moscope, as  well  as  an  anemometer,  it  is  only  necessary  to 
apply  to  that  part  of  the  pole  or  axis,  which  is  in  the  apart- 
ment, an  index,  and  attach  to  the  ceiling  a  thin  deal  boaid,  or 
a  sheet  of  pasteboard,  with  the  points  of  the  compass  marked 
thereon, 

A  TABLE, 

Shewing  the  V-elociti/  of  the  Wind  in  Bliles  per  Hour,  indicated 
III/  Aiioirdupuis  Pounds  and  Parts. 
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Dr.    Lvid's   Wiiid-yar/r. — This    instrument    consists    of   two 
glass  tabes  A  B,  C  D,  (See Plate, fig. 7.)  of  five  or  six  inches  in 
length.     Their   bores   are   about   four-tenths   of   an    inch   in 
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diameter.     They  are  connected   tojrether  like   a  siphon  by  a 
small  bent  glass  tube  a  b,  the  bore  of  which  is  about  one-tenth 
of  an  inch  in  diameter.     On  the  upper  end  of  the  leg  A  B  there 
is  a  tube  of  latten  brass,  which  is  kneed,  or  bent  perpendicu- 
larly outwards,  and  has  its  mouth  open  towards  F.     On  the 
other  leg  C  D,  is  a  cover  with  a  round  hole  G  in  the  upper  part 
of  it,  two-tenths  of  an  inch  in  diameter.     This  cover  and  the 
kneed  tube  are  connected  together  by  a  slip  of  brass  e  d,  which 
not  only  gives  strength  to  the  whole  instrument,  but  also  serves 
to  hold  the  scale  HI.     The  kneed  tube  and  cover  arc  fixed  on 
with  hard  cement  or  sealing  wax.     To  the  same  tube  is  sol- 
dered a  piece  of  brass,  e,  with  a  round  hole  in  it  to  receive  the 
steel  spindle  K  L;  and  at/ there  is  just  such  another  piece  of 
brass  soldered  to  the  brass  hoop  g  h,  which  surrounds  both 
legs  of  the  instrument.     There  is  a  small  shoulder  on  the  spin- 
dle at  /■;  upon  which   the  instrument  rests,   and   a  small  nut 
at  i,  to  prevent  it  from  being  blown  olV  the  spindle  by  the  wind. 
The  whole  instrument  is  easily  turned  round  upon  the  spindle 
by  the  wind,  so  as  always   to   present  the  mouth  of  the  kneed 
tube  towards  it.     The  end  of  the  spindle  has  a  screw  on  it ;   by 
which  it  may  be  screwed  into  the  top  of  a  post,  or  a  stand 
made  on  purpose.     It  has  also  a  hole  at  L,  to  admit  a  small 
lever  for  screwing  it  into  wood  with  more  readiness  and  facility. 
A  thin  plate  of  brass,  /{,  is  soldered  to  the  kneed   tube,  about 
half  an  inch  above  the  ground-hole  G,  so  as  to  prevent  rain 
from  falling  into  it.     There  is  likewise   a  crooked   tube  A  15, 
(fig.  8,)  to   be   put  occasionally  upon  the   mouth  of  the  kneed 
tube  F,  in  order  to  prevent  rain  from  being  blown  into  the 
mouth  of  the  wind-gage  when  it  is  left  out  all  night,  or  exposed 
in  the  time  of  rain.     The  force  or  momentum  of  the  wind  may 
be  ascertained  by  the  assistance  of  this  instrument,  by  filling 
the  tubes  half  full  of  water,  and  pushing  the  scale  a  little  up  or 
down,  till  the  zero  of  the  scale,  when  the  instrument  is  held  up 
perpendicularly,  be  on  a  line  with  the  surface  of  the  water  in 
both    legs   of    the   wind-gage.      The    instrument   being    thus 
adjusted,  hold  it  up  perpendicularly,  and,  turning  the  mouth  of 
the  kneed  tube  towards  the  wind,  observe  how  much  the  water 
is  depressed  by  it  in  the  one  leg,  and  raised  in  the  other.     The 
sum  of  the  two  is  the  height  of  a  column  of  water  which  the 
wind  is   capable  of  sustaining  at  that  time  ,  and  every  body 
that  is  opposed  to  that  wind  will  be  pressed  upon  by  a  force 
equal  to  the  weight  of  a  column  of  water,  having  its  base  equal 
to  the  altitude  of  a  column  of  water  sustained  by  the  wind  in 
the  wind-gage.     Hence,  the  force  of  the  wind  upon  any  body 
where  the  surface  opposed  to  it  is  known,  maybe  easily  found; 
and  a  ready  comparison  may  be  made  betwixt  the  strength  of 
one  gale  of  wind   and  that  of  another.     The  force  of  the  wind 
may  be  likewise  measured  with  this  instrument,  by  filling  it 
until  the  water  runs  out  at  the  hole  G.     For  if  it  be  then  held 
up  to  the  wind  as   before,  a  quantity  of  water  will  be  blown 
out;  and  if  both  legs  of  the  instrument  arc  of  the  same  bore, 
the  height  of  the  column  sustained  will  be  equal  to  double  the 
column  of  water  in  either  leg,  or  the  sum  of  what  is  wanting  in 
both  legs.     The  use  of  the  small  tube  of  communication  n  i, 
(fig.  8.)  is  to  check  the  undulation  of  the  water,  so  that  the 
height  of  it  may  be  read  olf  from  the  scale  with  case  and  cer- 
tainty.    But  it  is  particularly  designed   to  prevent  the  water 
from  being  thrown  up  to  a  much  greater  or  less  altitude,  than 
the  true  height  of  the  column  which  the  wind  is  able  at  that 
time  to  sustain,  from   receiving  a   sudden  impulse  whilst  it  is 
vibrating  cither  in  its  ascent  or  descent.     As,  in  some  cases, 
the  water  in  this  instrument  ndght  be  liable  to  freeze,  and  thus 
break  the  tubes,  a  saturated  solution  of  sea-salt  may  be  used 
instead  of  it  in  winter.     Dr.  Lind  givc.^  the  following  table,  by 
means  of  which,  from  the  observed  height  of  the  column  of 
water  in  the  gage,  the  force  of  the  wind  on  a  square  foot  may 
be  determined. 

For  heights  not  given  in  the  following  table,  proportional 
parts  are  taken  and  added:  for  example,  if  the  height  be 
.50, —then  to  26040,  the  force  for  .0  inches,  add  2(i0t  the  force 
for  0-5,  the  decimal  part,  and  the  sum  of  the  two,  namely,  28'Gl,'i 
pounds,  is  the  answer.  When  a  saturated  solution  of  salt  is 
used,  allowance  must  be  made  for  the  difierence  in  the  weight 
oftlie  fiuid.  The  specific  gravity  of  the  solution  being  to  that 
of  water  as  I'2H  to  1,  the  observed  height  of  the  column  must 
be  multiplied  by  l-21t. 


Heiglit  of  the  Water 
in  the  Gage. 


Force  of  the  Wind  on 
One  Foot  Square 
in  Pounds  Avoird. 


Common  resignation*! 
of  such  Winds. 
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Af!.anr\  Most Violent humcane 

41-607  Very  great  hurricane. 

36-548  Great  hurricane. 

31-750  Hurricane. 

26-041  Very  great  storm. 

20-833  Great  storm. 

15-6-25  Storm. 

10-416  Very  high  wind. 

5--208  High  w  ind. 

2-604  Brisk  gale. 

0-.52I  Fresh  breeze. 

0-260  Pleasant  wind. 

0030  A  gentle  wind. 


i)/.  Bniiffuer's  Windfiage. — The  instrument  contrived  by  M. 
Bouguer  consists  of  a  hollow  tube  A  A,  B  B,  (fig.  9,)  in  which  a 
spiral  spring  C  D  is  fixed,  that  may  be  more  or  less  compressed 
by  a  rod  F  S  D  passing  through  a  hole  within  the  tube  at  A  A  ; 
then  having  observed  to  what  degree  diflerent  forces  or  given 
weights  are  capable  of  compressing  the  spiral,  mark  divisions 
on  the  rod  in  such  a  manner,  that  the  mark  at  S  may  indicate 
the  weight  requisite  to  force  the  spring  into  the  situation  C  D  ; 
afterwards  join  at  right  angles  to  tiiis  rod  at  F,  a  plane  surface 
EFE  of  a  given  area,  either  greater  or  less,  at  pleasure  ;  then 
let  this  instrument  be  opposed  to  the  wind,  so  that  it  may 
strike  the  surface  in  the  directions  V  E,  V  E,  parallel  to  that  of 
the  rod,  and  the  mark  at  S  will  shew  the  weight  to  which  the 
force  of  the  wiud  is  equivalent. 

Dr.  Brewster's  Anemometer. — Dr.  Brewster  has  suggested 
various  contrivances  for  measuring  the  force  of  the  wind. 
Among  these  we  think  the  following,  which  indicates  the  force 
by  its  efl'ect  in  compressing  a  colinnn  of  air  in  a  glass  tube,  is 
the  most  commodious  and  accurate.  The  metal  cap  A  B,  (fig. 
10,)  bent  at  a  right  angle,  is  fixed  upon  the  top  of  the  glass 
tube  B  C,  which  communicates  at  C  with  another  glass  tube, 
D  E,  of  a  much  smaller  bore,  with  a  bulb,  E,  at  its  end.  Some 
mercury  or  olhcr  liquid  is  poured  into  the  tube  B  C,  and  of 
course  rises  to  the  same  level,  m,n,  in  both  tubes.  When  the 
mouth  A  is  exposed  to  the  wind,  the  liquid  at  m  descends  in 
the  tube,  and  by  rising  in  the  stem  D  E,  compresses  the 
enclosed  air  till  there  is  an  equilibrium  between  the  elasticity 
of  the  air  and  the  force  of  the  wind.  To  prevent  the  fluid  from 
oscillating,  a  thin  disk  of  wood  floats  on  its  surface  at  m.  The 
scale  of  this  instrument,  to  ensure  accuracy,  should  be  formed 
by  actual  experiment. 

Professor  Leslie's  Anemometej'. — It  would  be  improper  to 
close  this  article  without  noticing  the  ingenious  suggestion  of 
this  philosopher,  for  measuring  the  force  of  the  wind  by  its 
cooling  power.  Having  found,  in  the  course  of  his  experi- 
ments on  heat,  that  the  cooling  power  of  a  current  of  air  is 
exactly  proportional  to  its  velocity,  he  derived  from  this  prin- 
ciple the  construction  of  a  new  anemometer,  whicii  will  be 
understood  without  any  figure,  being,  to  use  his  own  words, 
"  in  reality  nothing  more  than  a  thermometer,  only  with  its 
bulb  larger  than  usual.  Holding  it  in  the  open  still  air,  the 
temperature  is  marked  :  it  is  then  warnuul  by  the  application 
of  the  hand,  and  the  time  is  noted  w  liich  it  takes  to  sink  back 
to  the  middle  point.  This  I  shall  term  the  fundamental  mea- 
sure of  cooling.  The  same  observation  is  made  on  exposing 
the  bulb  to  the  impression  of  the  wind,  and  I  shall  call  the  time 
rc(|uired  for  the  bisection  of  the  interval  of  temperatures,  the 
occasional  measure  of  cooling.  Alter  these  preliminaries,  we 
have  the  following  easy  rule  -.  Divide  the  fundamental  by  the 
occasional  measure  of  cooling,  and  the  excess  of  the  quotient 
above  unit,  being  inidtiplied  by  4.;,  will  express  the  velocity  of 
the  wind  in  miles  per  hour.  The  bulb  of  the  thermometer 
ought  to  be  more  than  half  an  inch  in  diameter,  and  may,  for 
the  sake  of  portability,  be  filled  with  alcohol,  tinged,  as  usual, 
with  archil.  To  simplify  the  observation,  a  sliding  scale  of 
equal  parts  may  be  applied  to  the  tube.     When  the  bulb  baa 
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acquired  the  due  temperature,  the  zero  of  the  slide  is  set  oppo- 
site to  the  limit  of  the  coloured  liquor  in  the  stem;  and  after 
having  been  heated,  it  again  stands  at  20°  in  its  descent,  the 
time  which  it  thence  takes  until  it  sinks  to  10°  is  measured  by 
a  stop-watch.  Extemporaneous  calculation  may  be  avoided, 
by  having  a  tahle  engraved  upon  the  scale,  for  the  series  of 
occasional  intervals  of  cooling." 

[Other  devices  have  been  adopted  by  philosophical  ingenuity, 
all  of  which  we  cannot  even  enumerate.  Mr.  Briee  describes 
one,  which  has  been  successfulTy  practised  by  himself,  of  mea- 
suring the  velocity  of  the  wind  by  means  of  that  of  the  shadow 
of  clouds  passing  over  the  surface  of  the  earth. — Mr.  Ons-en- 
Bray  invented  another,  which  of  itself  expresses  on  paper,  not 
only  the  several  winds  that  have  blown  during  the  space  of 
twenty-four  hours,  and  at  what  hour  each  began  and  ended, 
but  also  the  difl'erent  strength  and  velocities  of  each.] 

ANEMOSCOPE,  fig.  69,  a  machine  that  shews  either  the 
course  or  velocity  of  the  wind.  The  machine  which  shews  the 
« ourse  of  the  wind,  or  from  what  point  of  the  compass  it  blows, 
consists  of  an  index  moving  about  an  upright  circular  plate, 
like  the  dial  of  a  clock,  on  which  the  32  points  of  (he  compass 
are  drawn  instead  of  the  hours.  The  index  which  points  to  the 
divisions  on  the  dial,  is  turned  by  a  horizontal  axis,  having  a 
trundle-head  at  its  external  extremity.  This  trundle-head  is 
moved  by  a  cog-wheel  on  a  perpendicular  axis  ;  on  the  top  of 
which  a  vane  is  fixed,  that  moves  with  the  course  of  the  wind, 
and  puts  the  whole  machine  in  motion.  The  whole  contrivance 
is  extremely  simple,  and  nothing  required  in  the  construction, 
but  that  the  number  of  cogs  in  the  wheel,  and  rounds  in  the 
trundle-head,  be  equal ;  because  it  is  necessary,  that  when  the 
vane  moves  entirely  round,  the  index  of  the  dial  also  make  a 
complete  revolution.  An  anemoscope  of  this  kind  is  placed  in 
one  of  the  turrets  of  the  queen's  palace.  The  anemoscope, 
calculated  for  indicating  the  force,  or  the  velocity  of  the  wind, 
is  the  same  with  what  niost  writers  call  an  anemometer ;  and 
we  have,  accordingly,  described  several  of  those  machines  under 
that  article.  We  .shall  here  add  another,  constructed  by  the 
late  Mr.  Pickering,  and  published  in  the  Philosophical  Trans- 
actions, No.  473.      This  anemoscope,  41  feet  high,   consists 


of  H  broad  and  weighty  pedestal,  a  pillar  fastened  into  it,  and 
an  iron  axis  of  about  i  an  inch  diameter,  fastened  into  a  pillar. 


Upon  this  axis  turns  a  wooden  tube ;  at  the  top  of  which  is 
placed  a  vane,  of  the  same  materials,  21  inches  long,  consisting 
of  a  quadrant,  quadrated  and  shod  with  an  iron  rim,  notched  to 
each  degree;  and  a  counterpoise  of  wood,  as  in  the  figure,  on 
the  other.  Through  the  centre  of  the  quadrant  runs  an  iron 
pin,  up  which  are  fastened  two  small  round  pieces  of  wood, 
which  serve  as  moveable  radii,  to  describe  the  degrees  upon 
the  quadrant,  and  as  handles  to  a  velum  or  sail,  whose  vane  is 
one  foot  square,  made  of  canvass,  stretched  upon  four  battens, 
and  painted.  On  the  upper  batten,  next  to  the  shod  rim  of  the 
quadrant,  is  a  small  spring,  which  catches  at  every  notch  cor- 
responding to  each  degree,  as  the  wind  shall,  by  pressing  the 
sail,  raise  it  up,  and  prevents  the  falling  back  of  the  sail,  upon 
lessening  the  force  of  the  wind.  At  the  bottom  of  the  wooden 
tube  is  an  iron  index,  which  moves  round  a  circular  piece  of 
wood  fastened  to  the  top  of  the  pillar  on  the  pedestal,  on 
which  are  described  the  32  points  of  the  compass.  In  fig.  6t), 
this  machine  is  shewn,  where  a  is  the  pedestal  ;  i  the  pillar  on 
which  the  iron  axis  is  fitted  ;  c  the  circle  of  wood,  on  which  are 
described  the  32  points  of  the  compass  ;  e  the  wooden  tube 
upon  its  axis  ;  /  the  velum  or  sail ;  (/  the  graduated  quadrant ; 
h  the  counterpoise  of  the  vane.  The  adjoining  figure,  70,  a 
represents  the  velum  ;  b  the  spring;  cc  the  wooden  radii;  dd 
the  holes  through  which  the  pin  in  the  centre  of  the  quadrant 
goes.  Its  uses  are  the  following : — 1.  Having  a  circular  motion 
round  the  iron  axis,  and  being  furnished  with  a  vane  at  the  top 
and  index  at  the  bottom,  when  once  you  have  fixed  the  artifi- 
cial cardinal  points,  described  on  the  round  piece  of  wood  on 
the  pillar,  to  the  same  quarters  of  the  heavens,  it  gives  a  faith- 
ful account  of  that  quarter  from  which  the  wind  blows.  2.  By 
having  a  velum  or  sail  elevated  by  the  wind  along  the  arch  of 
the  quadrant  to  a  height  proportionable  to  the  power  of  the 
column  of  wind  pressing  against  it,  the  relative  force  of  the 
wind,  and  the  comparative  power,  at  any  two  times  of  examina- 
tion, may  be  accurately  taken.  3.  By  having  a  spring  fitted  to 
the  notches  of  the  iron  with  which  the  quadrant  is  shod,  the 
velum  is  prevented  from  returning  back  upon  the  fall  of  the 
wind  ;  and  the  machine  gives  the  force  to  the  highest  blast, 
since  the  last  time  of  examination,  without  the  trouble  of  watch- 
ing it.  The  ingenious  contriver  of  this  machine  tells  us,  that 
he  carefully  examined  what  dependence  may  be  had  upon  it, 
during  the  storms  of  February  1743-4,  and  found  that  it 
answered  exceedingly  well;  for  that,  in  such  Hinds  as  the 
sailors  call  violent  storms,  the  machine  had  six  degrees  to 
spare  for  a  more  violent  gust,  before  it  comes  to  a  horizontal 
position.  It  is  certainly  to  be  depended  upon  in  ordinary 
weather,  the  velum  being  hung  so  tenderly,  as  to  feel  the  most 
gentle  breeze.  There  is,  however,  reason  to  fear,  that  the 
exposing  of  the  anemoscope  to  all  winds  for  a  continuance, 
must  disorder  it;  especially  irregular  blasts  and  squalls.  It 
may  not,  therefore,  be  amiss,  in  violent  squalls,  for  the  observer 
to  take  the  tube,  with  its  vane  and  velum  in  his  hand,  in  order 
to  know  the  force  of  the  wind  ;  and  when  he  has  finished  hi.i 
observations,  to  carry  his  machine  into  the  house,  till  the 
violence  of  the  storm  is  abated,  when  it  may  be  replaced  in  its 
former  situation. 

ANETHUM,  dill  and  fennel. 

ANEURISM,  a  throbbing  tumor  distended  with  blood,  and 
formed  by  the  dilation  or  rupture  of  an  artery. 

ANGEIOTOMY,  the  opening  a  vein  or  artery. 

ANGELICA,  To  Cundy.  Angelica  is  cultivated  only  for  the 
large  ribs  of  its  leaves,  which  are  cut  in  May  or  June,  and 
made  into  a  candy  as  a  medicinal  plant.  Take  it  when  young, 
cut  it  in  lengths,  cover  it  close,  and  boil  it  till  it  is  tender  ; 
peel  it,  and  put  it  in  again,  let  it  simmer,  ami  boil  till  it  is 
green;  then  take  it  up,  and  dry  it  with  a  cloth.  To  every  pound 
of  stalks  put  a  pound  of  sugar  :  put  your  stalks  into  an  c arlhen 
pan.  Beat  the  sugar,  and  strew  it  over  them.  Let  it  stand 
two  days ;  then  boil  it  till  it  is  clear  and  green  -.  put  it  in  a  cul- 
lender to  drain.  Beat  a  pound  of  sugar  to  powder  again, 
and  strew  it  on  your  angelica.  Lay  it  on  plates  to  dry,  and 
set  the  plates  in  the  oven  after  the  pies  are  drawn.  3J  lbs  of 
sugar  is  the  proportion  to  411is  of  stalks. 

ANGINA,  an  inllannnalion  of  the  throat,  called  the  quinsy. 

ANGLE,  Atu/ulus,  in  Geometry,  is  formed  by  the  opening 
or  mutual  inclination  of  two  lines  meeting  in  a  point;  such  is 
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the  angle  B  A  C,  or  B  A  D.— jVo«ff. 

When  an  angle  is  denoted  by  three 

letters,   that  at  the   angular  point 

must  be  read  in  the  middle.     1^"' 

sometimes, for  brevitysake,  if  there  " 

be  but  one  angle  at  a  point,  that  angle  is  denoted  by  the  single 

letter  standing  at  that  point. 

Angles  are  of  several  different  kinds  or  denominations,  as 
rectilinear,  curvilinear,  spherical,  mixed,  solid,  &c.  Rectilinear 
Angle,  is  that  which  is  formed  by  the  meeting  of  two  right 
lines.  Curvilinear  At^GLE  is  that  which  is  formed  by  the  meet- 
ing of  two  curve  lines.  3Jixtilinear  Akglr,  is  formed  by  the 
meeting  of  a  right  line  and  curve.  Splierical  Angle,  is  that 
which  is  formed  on  the  surface  of  a  sphere,  by  the  intersection 
of  two  great  circles.  See  Spheue  and  Spherical  Tr/^oHonicic//. 
Solid  AfiGl.E,  is  formed  by  the  mutual  inclination  of  more  than 
two  planes,  or  plane  angles,  meeting  in  a  common  point.  See 
Solid  Angle. 

Properties  and  Denominations  of  Rectilinear  Anyles. — Rii/ht 
Angle  is  that  which  is  formed  by 
one  line  perpendicular  to  another  ;  "■ 
or  that  which  is  subtended  by  a 
quadrant  of  a  circle  ;  as  the  angle 
BAG.  All  right  angles  are  equal 
to  one  another.  An  Oblique  Angle 
is  that  which  is  greater  or  less  than  a  -a 

right  angle  ;  and  these  are  distinguished  into  two  kinds,  acute 
m\Aobtuse.  An  Acute  AviGLE  is  less  than  a  right  angle,  as 
DAC.  An  Obtuse  Angle  is  greater  than  a  right  angle;  as 
EAC.  ^rf;'acen(  Angles,  are  the  two  angles  formed  by  one 
line  meeting  another,  any  where, 
except  at  its  extremities  ;  such 
are  the  two  angles  BAD  and 
BAG.  These  angles  are  said  to 
be  supplements  to  each  other, 
their  sum  being  equal  to  two  right 
angles  FeWt'on/,  or  0/)po,?ife  Angles, 
are  such  as  have  their  legs  mutual 
continuations  of  each  other  ;  as 
BAG  and  DAG.  Vertical,  or  op- 
posite angles,  are  equal  to  each  other. 

Alternate  Angles,  are  those  made  on 
the  opposite  sides  of  a  line  cutting  two 
other  lines  ;  as  A  F  G  and  D  G  F.  And 
if  these  two  lines  are  parallel,  the  alter- 
nate angles  are  equal.  External  AtiGUES, 
are  those  formed  by  the  sides  of  any 
right-lined  figure,  and  the  adjacent  sides 
produced  ;  such  are  the  angles  A,  B,  G, 
&c.  The  sura  of  all  the  external  angles 
of  any  figure  is  equal  to  four  right  angles. 
Internal  Angles,  are  the  angles  within  a 
figure,  formed  by  the  meeting  of  each  two 
adjacent  sides;  as  the  angles  a,b,c,  &c. 
The  sum  of  all  the  inward  angles  of  any 
right-lined  figure,  is  equal  to  twice  as 
many  right  angles,  wanting  four,  as  the 
figure  has  sides.  An  Angle  at  the  Centre  of 
a  Circle,  is  that  whose  angular  point  is  at  the 
centre;  such  as  the  angle  A C  B.  ^n  Angle 
at  the  Circumference,  is  that  whose  angular 
point  is  in  any  part  of  the  circumference  ;  as 
the  angle  A  D  15.  An  angle  of  the  centre  is 
double  an  angle  at  the  circumference,  when 
both  stand  on  the  same  arc.  An  Angle  in  a 
Semicircle  is  an  angle  at  the  circumference 
contained  in  a  semicircle,  or  standing  upon  a  semicircle  or 
<liameter  ;  and  it  is  a  right  angle.  An  angle  in  a  segment 
greater  than  a  semicircle,  is  less  than  a  right  angle.  An  angle 
in  a  segment,  less  tlian  a  semicircle,  is  greater  than  a  right 
angle.  Angles  of  other  denominations  are  used  by  some 
authors,  as,  the  Horned  Akgle,  formed  by  the  circumference 
of  a  circle  and  a  right  line;  I.unular  Angle,  formed  by  two 
curve  lines,  one  concave  and  the  other  convex  ;  and  Cissoid 
Angle,  tlie  inward  angle,  formed  by  the  intersection  of  the  two 
:<phcrical  convex  lines. 
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Problems. — 1.  To  bisect  a  given  Angle, 
BAG.  From  the  centre  A,  with  any 
radius,  describe  an  arc  cutting  oil  tlie 
equal  lines  AD,  AE;  and  from  the  two 
centres  D  E,  with  the  same  radius, 
describe  arcs  intersecting  in  F,  then  draw 
A  F  ;  which  will  bisect  the  angle  as  re- 
quired. 

2.  At  a  given  point  A  in  the  line  AB,to  make  an  Angle  equal  to 
a  given    Angle   C.      From 
the  centres  A  and  G,  with  ^^^JFi'u.79. 

any  one   radius,  describe  ^'-         "^ 

the  arcs  D  K,  B  G  ;  then 
with  the  centre  B,  and 
radius  D  E 
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describe  an  arc  cutting  B  G  in  6.     Through  G 
draw  the  line  A  G,  and  it  will  form  the  angle  required. 

3.  To  Measure  the  Quantiti/  of  an  Angle  on  Paper. — Apply  the 
centre  of  a  protraeter  to  the  vertex  of  the  angle,  so  that  the 
radius  may  coincide  with  one  of  the  lines ;  and  the  degree 
shewn  by  the  other  line,  will  give  the  measure  of  the  angle 
required. 

Otherwise  with  the  Line  of  Chords. — With  a  radius  equal  to  the 
chord  of  Glf^,  describe  an  arc  between  the  lines  forming  the 
angle  ;  then  apply  the  subtense  of  this  arc  to  the  same  scale  of 
chords,  and  it  will  give  the  measure  sought. 

Angles,  in  Astronomy,  receive  the  following  particular 
denomination:  as  Angle  of  Commutation,  of  Elongation,  of 
Position,  &c.  ;  for  which,  see  the  respective  terms. 

Angles,  in  Mechanics  and  Optics,  also  receive  particular 
denominations,  and  are  distinguished  into  separate  orders ;  as 
ANGLESof  Direction,  Elevation,  Inclination,  Inflection, Incidence, 
Refraction,  &c.  ;  for  which,  see  the  respective  terms.  Optic 
Angle,  is  the  angle  included  between  two  rays,  drawn  from 
the  two  extreme  points  of  an  object  to  the  centre  of  the  pupil 
of  the  eye. 

ANGLING,  among  sportsmen,  is  the  art  of  fishing,  either 
with  bait  or  flies,  and  a  rod  and  line.  The  great  secret  of 
angling  with  bait  is,  to  attract  the  fish  to  some  particular  spot 
by  throwing  in  grains,  chopped  worms,  &c.  if  the  water  is  still; 
or  if  running,  by  enclosing  a  large  quantity  of  worms  in  a  tin 
box  full  of  holes,  by  which  the  worms  may  crawl  out  and 
attract  the  fish.  The  anglers  stand,  sheltered  by  some  bush 
or  tree,  as  particularly  at  deep-water  gullies,  sluices,  niill- 
dams,  or  ponds  where  the  cattle  go  to  water.  Chub  love  deep 
shaded  holes  ;  eels  are  found  under  the  banks  of  rivers  and 
ponds  ;  perch,  in  clear  water  and  a  swift  stream ;  so  are  roach 
and  trout  found  in  quick  currents;  breams  in  deep  quiet 
places.  The  best  season  for  angling,  is  from  April  to  October. 
A  cloudy  day,  after  a  bright  moonlight  night,  is  good  for  fish- 
ing. Gool  weather  in  summer,  and  warm  weather  in  winter, 
are  the  fit  seasons,  from  three  till  nine  in  the  morning,  and 
from  three  till  sun-set  in  the  afternoon.  A  southerly  wind,  in 
a  dull  warm  day,  is  the  best  time  of  any 

ANGOLA  Pea,  pigeon  pea. 

ANGOH,  a  concentration  of  natural  heat ;  the  consequence 
of  which  is.  a  pain  of  the  head,  palpitation,  and  sadness. 

ANGUINEAL  Hypekeola.     See  Hypekbola. 

ANGULAR,  something  relating  to,  or  having  angles. 
Angular  objects  at  a  distance  appear  round. 

An GU LA  11  Motion,  is  that  which  is  performed  by  an  oscil- 
lating or  vibrating  body,  as  referred  to  the  angle  which  it 
describes  or  passes  over  in  a  given  time,  the  vertex  of  which  is 
the  point  of  suspension,  or  centre  of  motion.  Hence  all  points 
in  a  pendulum  have  the  same  angular  motion,  although  their 
absolute  motions  are  different  from  each  other,  being  greater 
or  less,  according  to  their  distance  from  the  centre  of  sus- 
pension. Angular  Motion  is  also  sometimes  used  to  denote  a 
motion  which  is  partly  curvilinear,  and  partly  rectilinear;  as 
the  motion  of  a  coach-wheel  on  a  plane.  Angi'Lak  Sections,  a 
term  used  by  VIcta  to  denote  a  species  of  analytical  trigono- 
nieiry,  relating  to  the  law  of  increase  and  decrease  of  the  sines 
and  chords  of  multiple  arcs. 

ANIMAL,  in  Natural  History,  an  organized  and  living  body, 
endowed  with  sensation.  Minerals  increase  ;  plants  grow  and 
live  ;  but  animals  have  the  power  of  locomotion,  of  seeking 
and  appropriating  nourishment. 
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Animal  Flowers,  or  Sea 
Nettle,  or  Sea  Anemone,  fig. 
81,  is  a  fleshy  substance,  en- 
dowed with  claws,  stoniRch, 
mouth,  &c.  and  found  adher- 
ing to  rocks  in  the  sea  by 
one  end,  and  with  the  other 
voraciously  devouring  wliat- 
ever  food  comes  in  their  way. 

AfiiMAL  Sitbslances,  in  Che- 
mistry. The  constituent  prin- 
ciples of  animal  substances 
are  nearly  the  same  with 
those  of  tlie  vegetables  ;  the  former,  however,  contain  more  of 
nitrogen  and  phosphorus;  the  latter,  more  of  carbon  and 
hydrogen.  The  complex  constituent  parts  of  animal  sub- 
stances are  the  following:  —  1.  Gelatine.  2.  Fibrin.  3.  Al- 
bumen. 4.  Animal  oils.  5.  Bone.  6.  Blood.  7.  Milk.  8. 
Horn.  9.  Phosphorus  and  animal  acids.— Gelatine,  or  animal 
jelly,  very  generally  dispersed  through  all  the  parts  of  animals, 
even  in  bones,  exists  in  the  greatest  quantity  in  the  tendons, 
membranes,  and  the  skin. — Fibrin,  or  animal  fibre,  forming 
the  basis  of  the  muscular  or  fleshy  parts  of  animals,  is  fibrous 
in  its  structure,  transparent,  and  insoluble  in  water  and  alco- 
hol, except  by  a  long  continued  heat  in  a  Papin's  digester. — 
Albumen  is  the  principal  constituent  part  of  the  serum  of 
blood  ;  it  i.s  also  called  coagulable  lymph.  The  white  of  eggs 
consists  almost  entirely  of  albumen. — Animal  oil,  generally 
solid  at  the  temperature  of  the  atmosphere,  contains  more  oxy- 
gen and  sebacic  acid,  than  the  vegetable  oils.  Among  animal 
oils  may  be  ranked  fat,  tallow,  lard,  suet,  butter,  &c.  Fish  oil 
is  generally  more  liquid  than  other  animal  oils.  Spermaceti 
is  an  animal  oil,  found  in  the  head  of  a  species  of  whale. — 
Bones  consist  chiefly  of  phosphate  of  lime,  with  carbonate  of 
lime,  and  gelatine. — Blood  consists  of  albumen,  fibrin,  colour- 
ing matter,  and  a  mild  oil.  The  colouring  matter  has  been 
supposed  to  depend  upon  iron,  but  Vauquelin  has  proved,  that 
the  most  delicate  test  could  not  evince  the  existence  of  iron  in 
it.  Blood,  when  suffered  to  rest,  separates  into  two  parts,  the 
one,  a  coaguliim  or  clot,  called  the  crassamentum  ;  the  other,  a 
fluid,  called  the  serum. ^Milk,  if  suffered  to  rest,  throws  upon 
its  surface  a  butteraceous  oil,  called  cream.  If  the  remaining 
skimmed-niilk  be  suflcrcd  to  stand,  it  becomes  sour,  and  sepa- 
rates into  two  parts:  curd,  which  is  chiefly  albumen;  and 
whey,  (which  is  generally  analogous  to  scrum,)  mixed  with 
sugar  and  lactic  acid. — Horn,  Sec.  Nails,  horns,  hoofs,  and 
quills,  resemble  coagulated  albumen.  Bile,  urine,  saliva,  &c. 
are  all  animal  substances  of  a  complicated  nature. 

Animal  Putrefaction.  Every  animal  body,  when  deprived  of 
life,  and  exposed  to  the  air,  undergoes  a  decomposition,  or 
resolution  of  its  parts.  Its  colour  becomes  pale,  and  then 
changes  to  bine  and  green  ;  the  parts  become  soft,  and  send  out 
a  putrid  smell,  from  the  discharge  of  noxious  gas.  Tlie  organi- 
zation is  destroyed,  the  constituent  parts  of  the  animal  sub- 
tances  form  new  arrangements,  and  are  chiefly  resolved  into  a 
gaseous  state;  and  what  remains  is  a  dry  powder,  composed  of 
earths  and  charcoal. 

ANIMALCULES,  such  animals  as  are  clearly  discernible 
otily  by  means  of  microscopes,  for  millions  of  millions  of  them 
might  be  contained  in  a  thimbleful  of  water,  which  is  the  best 
element  for  studying  their  motions.  By  the  microscope  many 
kinds  of  animalcules  have  been  discovered,  as  diflerent  from 
each  other  as  the  horse  from  the  mouse  ;  some  indeed  so 
exceedingly  minute,  that  a  million  would  not  equal  in  magni- 
tude a  large  grain  of  sand ;  and,  as  more  and  smaller  objects 
have  ever  been  discovered,  in  proportion  to  the  goodness  of 
the  glasses  with  which  they  have  been  viewed,  it  is  highly  pro- 
bable that  there  are  numberless  other  species,  of  a  size  much 
less  than  those  already  discovered.  Every  drop  of  water,  and 
almost  any  fluid,  except  oils  and  ardent  spirits,  cither  does  or 
will,  by  standing  exposed  a  few  days  in  warm  weather,  swarm 
witli  living  creatures.  Some  seem  natural  inhabitants  of  the 
fluids  in  which  they  are  found  ;  others  live  there  only  occa- 
sionally, in  the  manner  of  gnats,  which,  from  eggs  dropped  in 
water  by  their  parents,  become  swimming  animals  ;  but,  after 
a  short  time,  shed  their  skins,  appear  in  a  form  without  resem- 


blance to  that  before  assumed,  fake  wing,  and  claim  kindred 
with  the  countless  millions  v\hich  rejoice  in  the  air.  The 
largest  sort  are  thin  and  transparent;  they  turn  frequently, 
have  many  feet,  often  seen  about  the  extremities  ;  at  one  end 
are  some  bristles  longer  than  the  feet,  resembling  a  tail.  Their 
motion  is  swift,  and  their  frequent  turns  and  sudden  stops 
would  intimate  that  they  were  hunting  after  their  prey,  pro- 
bably insects  indefinitely  smaller  than  themselves,  that  have 
hitherto  escaped  notice  with  the  best  glasses.  They  employ 
their  feet  in  both  running  and  swimming;  for,  putting  a  hair 
among  them,  like  rope-dancers,  they  often  creep  along  it, 
bending  in  odd  postures.  The  second  kind  are  spiral  or 
screw-like :  when  they  lie  still,  they  often  thrust  forth  a  fringed 
or  bearded  tongue;  a  small  current  may  be  discerned  towards 
them,  probably  caused  by  the  nimble  motion  of  some  fini  or 
legs,  too  minute  to  be  discerned.  Another  sort,  about  the  same 
size,  but  without  tails,  resemble  a  flounder  :  their  feet  may  lie 
seen  clearly,  as  the  water  evaporates,  v\hcn  they  move  very 
nimbly.  The  next  kind  appear  like  slender  worms,  about  fifty 
times  longer  than  bioad  ;  their  waving  progressive  motion  is 
equal  and  slow.  They  swim  with  equal  facility  any  way  ;  and 
being  every  where  of  the  same  thickness,  it  is  difficult  to  ascer- 
tain the  head.  A  fifth  sort  are  so  small,  that  an  hundred  in  a 
row  would  not, equal  the  diameter  of  a  grain  of  sand  ;  and 
consequently  a  million  are  but  equal  in  bulk  to  one  such  par- 
ticle;  their  shape  is  nearly  globular.  A  sixth  kind  have  also 
been  discerned,  about  the  thickness  of  the  last,  but  twice  as 
long.  The  smallest  drop  of  sulphuric  acid,  only  as  much  as 
will  stick  to  the  point  of  a  pin,  put  among  these  animalcules, 
will  cause  them  all  to  fall  down  dead.  So  eels  in  paste  are 
very  entertaining  objects  when  examined  by  any  microscope, 
particularly  the  solar  one,  which  very  plainly  distinguishes  the 
motions  of  their  intestines  ;  and,  when  the  water  is  nearly 
evaporated,  and  they  are  near  expiring,  their  mouths  appear 
opened  to  a  considerable  width.  Leeuwenhoek  says,  no  living 
creatures  appear  in  rain  water  fresh  descended,  but  after 
standing  a  few  days,  innumerable  animalcules  of  dilferent  spe- 
cies, many  thousand  times  smaller  than  a  grain  of  sand,  are 
visible  by  the  microscope.  In  summer,  the  water  in  ditches 
appears  sometimes  greenish  or  reddish  ;  which,  examined  with 
the  microscope,  is  owing  entirely  to  the  millions  of  animalcules 
crowded  on  the  surface.  Their  bodies  are  oval  and  transpa- 
rent, the  middle  parts  either  green  or  red;  seem  composed 
of  globules,  so  similar  to  the  roe  offish,  that  it  is  believed  to 
be  the  same,  especially  as  they  are  found,  after  some  time,  per- 
fectly clear  and  colourless,  when  they  may  be  sujjposed  to 
shed  their  spawn.  The  water  from  dunghills  is  so  thronged 
with  animalcules,  that  it  seems  all  alive,  and  mu.st  be  diluted 
before  they  can  be  separated  to  distinguish  their  kinds. 

ANNEALING,  Nkaling,  the  cooling  of  bottles  and  glass 
gradually  by  placing  the  materials  thus  blown  in  a  furnace,  in 
which  they  gradually  cool.  By  the  process  of  annealing,  the 
glass  is  kept  for  some  time  in  a  state  approaching  to  fluidity  ; 
the  heat  increases  the  bulk  of  the  crystallized  part,  and  renders 
it  so  soft,  that  the  internal  parts  have  an  opportunity  of  ex- 
panding, and  foiniing  a  regular  crystallization.  A  similar 
process  is  now  used  for  rendering  kettles,  and  other  vessels  of 
cast  iron,  less  brittle.  And  as  iron  diminishes  in  bulk  when  it 
passes  into  a  fluid  state,  the  crystals  of  cast  iron  are  destroyed 
by  the  blast  of  an  air  furnace,  and  the  mass  converted  into 
forged  iron,  the  particles  of  which  it  is  composed  having 
arranged  themselves  into  that  form  of  crystals  or  lamiuK,  by 
which  forged  iron  is  distinguished.     See  Ikon,  &c. 

ANNO. DOMINI,  the  ysar  of  our  Lord  ;  the  computation  of 
time  from  our  Saviour's  birth. 

ANNUAL,  in  Astronomy,  any  thing  which  relates  to  the 
year,  or  which  returns  yearly;  as  Annual  Motion  of  the  Earth, 
Art/timcnt  nf  Lonyitude,  Epacts,  Equation,  he. 

ANNUITIES,  signify  any  interest  of  money,  rents,  or  pen- 
sions, payable  from  time  to  time,  at  particular  periods.  The 
most  general  division  of  annuities  is  into  annuities  certain,  and 
contingent  annuities  ;  the  payment  of  the  latter  depending 
upon  some  contingency  ;  such,  in  particular,  as  the  continuance 
of  life.  Anuuilies  have  also  been  divided  into  annuities  in 
possession,  and  annuities  in  reversion;  the  former  meaning 
such  as  have  commenced,  or  are  to  commence  immediately ; 
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and  the  latter,  such  as  will  not  commence  till  some  particular 
future  event  lias  liappened,  or  till  some  given  period  of  time 
has  expired.  Annuities  may  be  farther  considered  as  being 
payable  yearly,  half-yearly,  or  quarterly.  The  present  value 
of  an  annuity  is  that  sum,  which,  being  improved  at  compound 
interest,  will  be  sullicient  to  pay  the  annuity.  To  find  the 
present  value  of  an  annuity  by  the  following  Table,  we  have 
only  to  find  the  amount  for  £1  at  the  given  rate  of  interest, 
and  for  the  given  time  ;  which  multiplied  by  the  given  annuity, 
or  payment,  will  be  the  present  worth— Js.ia)n;)/e.  What  is  the 
present  value  of  an  annuity  of  £40  per  annum,  to  continue  20 
years,  at  the  rate  of  4  per  cent.  ?  Bv  the  Table,  the  amount  of 
£\  for  20  years,  at  4  per  cent,  is  13-590326;  therefore,  l3-5y0326 
X    40  =  £543.  V2s.  very  nearly. 

Table. — The  present  Value  of  £1  per  Ayinum,  and  from  1  to  60 
years,  at  any  rate  of  Compound  Interest  from  3  to  6  per  Cent. 


Yrs. 
1 

Al  3 

3i 

4 

■1^ 

5 

6 

per  CVtit. 

per  Cent. 

per  Cent. 

per  Cent. 

per  Cent. 

per  Cent. 

■;)70874 

-966181 

-961538 

■956938 

-952381 

•943396 

2 

1-913470 

1-899694 

1-086095 

1-872668 

1-859410 

1-833393 

:i 

2-82SG11 

2-801637 

2-775091 

2-748964 

2-723248 

2-073012 

-1 

3-7I609S 

3-673079 

3629S95 

3-587526 

3-545950 

3-465106 

5 

4-579708 

4-5150.52 

4-451822 

4-389977 

4-329477 

4-212361 

(i 

5-417191 

5-328553 

5-242137 

5-157872 

5-075692 

4-917324 

7 

G-2302S3 

6-114544 

6-002055 

5-892701 

5-786373 

5-582381 

8 

7-019092 

6-873956 

6732745 

6-505886 

6-463213 

6  209794 

y 

7 -780 109 

7.6076S7 

7-435332 

7-268790 

7-107822 

6-801692 

10 

8-530203 

8-316605 

8-110896 

7-912718 

7-721735 

7-360087 

11 

9-252624 

9001551 

8-760477 

8-528917 

8-306414 

7-886875 

12 

9-954004 

9663334 

9-385074 

9-118581 

8-863252 

8-383841 

IS 

10-634955 

10-302738 

9-985048 

9-682852 

9-393573 

8-852683 

11 

11-296073 

10-920520 

10-563123 

10-222825 

9-898641 

9-294984 

15 

11-937935 

11-517411 

11-118387 

10-739546 

10-379658 

9  712249 

IG 

12-561102 

12-094117 

11-652296 

11-234015 

10-837770 

10-105895 

17 

13-166128 

12651321 

12-165669 

11-707191 

11-274006 

10-477260 

18 

13-753513 

13-189682 

12-659297 

12-159992 

11-689587 

10-827603 

19 

14-323799 

13-709837 

13133839 

12-593294 

12-085321 

11-158116 

20 

14-877475 

14-212403 

13-590326 

13  007936 

12-462;;  10 

11-469921 

21 

15-415024 

14-697974 

14-029160 

13-404724 

12-821153 

11-764077 

22 

15-936917 

15-167125 

14-451115 

13-784425 

13163003 

12-041582 

23 

16-413608 

15  602410 

14-856842 

14-147775 

13-488574 

12-303379 

24 

16935542 

16-058368 

15-246963 

14-495478 

13-798612 

12550358 

2J 

17-41314& 

16-481515 

15  622080 

14-828209 

14-093945 

12-783356 

2G 

1V-886S42 

16890352 

15'982769 

15146011 

14-375185 

13003160 

27 

18-327031 

17-285364 

lG-329580 

15-451303 

14-643031 

13-210534 

28 

18-764108 

17-607019 

16-663003 

15-742874 

14-898127 

13-406164 

29 

19-188455 

18035767 

16  98.3715 

16-021889 

15141074 

13-590721 

30 

19  600441 

18-392045 

17-292033 

16-288889 

15-372451 

13-761831 

31 

20-000428 

18-736276 

17-588494 

16544391 

15-592810 

13-929086 

32 

20-38876.5 

19-068865 

17-873551 

16-788891 

15-802077 

14-081043 

33 

2076.5792 

19390.08 

18-146674 

17-022862 

16-002549 

14-230230 

34 

21-131837 

19-700684 

18-411198 

17-246758 

16-192904 

14-368141 

35 

21-487220 

20000661 

18-661613 

17-461012 

16374194 

14-498240 

36 

21-8322.52 

20290494 

18-908-.'82 

17-666040 

10-546852 

14-6209S6 

37 

22- 167235 

20-570525 

19-142579 

17-862240 

16-711287 

14-736780 

38 

22.492462 

20-841087 

19-367864 

18-049990 

16-867893 

14-846019 

39 

22-808215 

21-102500 

19-584485 

18-229656 

17-017041 

14-949075 

40 

23-114772 

21-355072 

19-792774 

18-401584 

17-159086 

15-046297 

41 

23-412400 

21-599104 

19-993052 

18-566109 

17-291368 

151381116 

42 

23-701359 

21-831882 

20-18.5627 

18-723550 

17-423208 

15-224543 

43 

23-981902 

22-062689 

20370795 

18-874210 

17-545912 

15-300173 

44 

24254274 

22-282791 

20-548841 

19-018383 

17-662773 

15-383182 

45 

24-518713 

22  495150 

20  720040 

19-156343 

17-774070 

15-455832 

46 

24775449 

22-700918 

20-S84052 

19288371 

17-880066 

15-521370 

47 

25021708 

22899438 

21-042936 

19-414709 

17-981016 

15-589028 

48 

25-266707 

23-091244 

21-195131 

■19  535007 

18-077158 

15-650027 

49 

25-5016.57 

23276564 

21-341472 

19-651298 

18-168722 

15-707572 

50 

25-729764 

23-455618 

21-482185 

19-762008 

18-255925 

15701861 

51 

25-951267 

-23-628616 

21617485 

19-867950 

18-338977 

15-813076 

52 

26-166210 

23-795765 

21-747582 

19-969330 

18-418073 

15-861393 

53 

26-374990 

23  957260 

21.372675 

20-000345 

18-493405 

15-906974 

5J 

26-577600 

241 13295 

21-992057 

20-159181 

18-165146 

15-949976 

55 

26-774428 

24-;i61053 

22-108612 

20-248021 

18-033472 

15-990543 

50 

21,-965464 

24-409713 

22219819 

■20-333034 

18-(;98545 

I602S814 

57 

27- 150936 

24-550448 

22-326719 

20-414387 

18-760519 

10061919 

58 

27-331005 

24-680123 

22-4-29567 

20-192236 

18-819542 

16  098980 

59 

27-505831 

24817800 

22-528430 

20-566733 

18-875754 

16-131113 

60 

27-075564 

21-941731 

226-23490 

20-038022 

18-929290 

16-161428 

ANNULET,  a  small  square  member  in  the  Doric  capital, 
under  the  quarter  round. 

ANODYNE,  a  medicine  which  cases  pain,  and  procures 
sleep;  as  paregorics, which  assuage  pain;  hypnotics,  which  pro- 
cure sleep;  and  narcotics, which  relieve  by  causing  stupefaction. 

ANOMALISTICAL  Year,  the  period  in  which  the  earth 
passes  through  her  orbit.     The  periodical  year. 

ANOMALY',  in  Astronomy,  an  irregularity  in  the  planiU, 
whereby  they  deviate  from  the  aphelion,  or  apogee. 

ANONA,  the  custard  apple,  cultivated  in  tropical  climates 
on  account  of  its  fruit. 

ANONYMOUS,  in  Law,  the  sending  letters  without  signa- 
ture, which  is  felony  by  the  Black  Act. 

ANS.i;.  the  parts  of  Saturn's  ring  projecting  beyond  the 
disc. — Anser,  2  small  star  in  the  milky  way.  between  the  Swan 
and  Eagle. 

ANTARES,  a  star  of  the  first  magnitude.  Cor  Scorpii. 

ANTECEDENT,  in  Mathematics,  the  first  of  two  terms  of  a 
ratio. 

ANTECEDENCE,  in  Astronomy,  an  apparent  motion  of  a 
planet  towards  the  west,  or  contrary  to  the  order  of  the  signs. 

ANTESTATURE,  in  Fortification,  a  small  retrenchment 
made  of  palisadoes,  or  sacks  of  earth,  with  a  view  to  dispute 
with  an  enemy  the  remainder  of  a  piece  of  ground. 

ANTHELIX,  the  inward  protuberance  of  the  external  ear, 
being  a  semicircle  within,  and  almost  parallel  to  the  helix. 

ANTHELMINTICS,  medicines  that  destroy  worms. 

ANTHEMIS,  camomile,  medicinally  aperient,  carminative, 
emollient,  and  in  some  measure  anodyne  :  the  Uowers  afl'ord  a 
shining  yellow. 

ANTHERA,  that  part  of  the  stamina  within  the  corolla,  that 
contains  the  pollen,  which,  when  mature,  it  emits  for  the  im- 
pregnation of  the  plant. 

ANTHERICUM,  spider  wort. — Anthoceros,  horn  (lower. 
— Antholyza,  mad  fiower. — Antho.spermum,  amber  tree. — 
Anthoxanthiim,  vernal  grass, 

ANTHROPOPHAGI,  men-eaters,  which  have  existed  in 
all  ages,  and  in  many  countries,  where  neither  religion  nor 
philosophy  enlighten  the  savage  mind. 

ANTHYLLIS,  kidney  vetch. 

ANTIDESMA,  Chinese  laurel. 

ANTIBILIOUS  Pills;  aloes,  scammony,  Turkey  rhubarb, 
and  tartarized  antimony  :  one  grain  of  each  makes  one  pill. 

ANTIMONY,  a  mineral,  so  brittle  as  to  be  easily  pulverized  : 
it  is  of  a  whitish  blue  colour,  is  rarely  found  native,  but 
generally  combined  with  sulphur.  Among  the  ancients  it  was 
in  much  repute  as  a  dye  for  the  eyelashes  and  eyebrows.  As 
a  medicine,  it  forms  an  emetic,  when  dissolved  in  wine  and 
acetous  acid.  The  tartaric  acid  forms  with  it  tarlar-eraetic. 
In  the  arts,  it  is  used  to  give  the  composition  of  burning  mir- 
rors a  finer  texture  :  it  renders  the  sound  of  bell-metal  more 
clear  ;  mingled  with  tin,  it  makes  this  last  harder,  «  hiter,  and 
sonorous;  mixed  with  lead,  it  makes  printing  types  smooth 
and  firm  ;  it  puiifies  gold  ;  and  is  employed  in  casting  cannon 
balls. — For  the  brute  creation,the  virtues  of  antimony  are  highly 
extolled  :  it  cures  the  measles  in  pigs,  and  purifies  their  blood  : 
horses  that  have  running  heels  are  healed  by  it,  by  mixing  one 
drachm  of  antimony  willi  every  feeding  of  oats  you  give  the 
horse  in  the  morning.  When  horses  refuse  it  in  oats,  give  it 
them  in  balls.  Horses  that  look  lean  and  scabby  are  soon 
fattened  by  a  slight  dose  for  two  months  every  morning  ;  and 
pigs  also  are  fattened  a  fortnight  sooner  by  having  a  few  doses 
of  antimony  administered  to  them. 

ANTINOUS,  in  Astronomy,  a  figure  inserted  into  the  con- 
stellation Aquila,  the  Eagle. 

ANTIPODES,  those  inhabitants  of  the  globe  that  live 
diametrically  opposite  to  each  other. 

ANTIRRHINU.M,  snap-dragon,  or  calve's  snout,  which  is 
recommended  in  leprous,  scrofulous,  and  hydropic  cases. 

ANTISCORBUTICS,  medicines  good  against  the  scurvy. 

ANTISEPTICS,  such  substances  as  resist  putrefaction  ;  as 
sea  salt,  nitre,  salt  of  wormwood,  alum,  myrrh,  asafoctida,  terra 
japonica.  aloes  ;  Jesuits'  bark,  camomile,  pepper,  ginger,  saf- 
ron,  sage,  rhubarb  ;  valerian,  mint,  angelica,  ivy,  green  tea, 
horse-radish,  &c.  ;  all  the  vegetable  substances  being  dried. 

ANTITHESIS,    in  Rhetoric,  a  contrast    or  opposition  of 
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words  or  senliments  ;  and  generally  tbo  favourites  of  young 
writers. 

ANTONOMASIA  is  another  figure  of  speech,  in  which,  for 
a  proper  name,  is  put  the  name  of  some  dignity,  oQice,  profes- 
sion, &c.  ;  as  the  king,  or  his  majesty. 

ANTLIA  Pneumatica,  the  Pneumatic  Pump,  is  a  novel 
asterism,  which  De  la  Caille  formed  out  of  a  few  stars  between 
Hydra  and  Argo  Navis. 

ANVIL,  a  smith's  utensil,  upon  which  he  hammers  his 
metal ;  at  one  end  is  sometimes  a  spike  or  horn,  and  the  sur- 
face must  be  very  smooth  and  flat,  and  so  hand  that  a  file  can 
make  no  impression  on  it :  it  is  mounted  on  a  block,  the  stump 
or  root  of  a  tree.  There  are  small  anvils  used  by  locksmiths, 
which  stand  on  their  benches,  &c. 

AORTA,  the  artery  wliich  rises  immediately  from  the  left 
ventricle  of  the  heart,  and  is  from  thence  distributed  to  all  parts 
of  the  body,  by  two  grand  trunks  ascending  and  descending. 

ANXIETY,  is  a  disagreeable  sensation,  quite  dilTerent  from 
pain,  as  being  more  obtuse,  and  less  capable  of  being  referred 
to  any  particular  part,  though  frequently  more  intolerable  than 
any  pain.  But  we  must  take  care  to  distinguish  between 
anxiety  in  a  medical  sense,  and  that  which  is  spoken  of  in 
common  discourse.  The  latter  does  not  at  all  depend  on  the 
state  of  the  body,  but  belongs  entirely  to  the  mind ;  and  arises 
from  a  sense  of  danger,  or  a  foresight  to  any  misfortune.  The 
former  is  truly  corporeal ;  and  derives,  no  less  than  pain,  its 
origin  from  a  certain  state  of  the  body.  Notwithstanding  this 
dili'erence,  however,  it  is  very  possible  for  both  these  kinds  of 
anxiety  to  be  present  at  the  same  time,  or  for  the  one  to  be  the 
cause  of  the  other.  A  very  great  bodily  anxiety  will  strike 
fear  and  despondency  into  the  most  resolute  mind  ;  and  mental 
anxiety,  on  the  contrary,  if  very  violent  and  long-continued, 
may  induce  the  former,  by  destroying  the  powers  of  the  body, 
especially  those  which  promote  the  circulation  of  the  blood. 
Anxiety,  in  the  medical  sense  of  the  word,  arises  in  the  first 
place  from  every  cause  disturbing  or  impeding  the  motion  of 
the  blood  through  the  heart  and  large  vessels  near  it ;  from 
diseases  of  the  heart  and  its  vessels,  such  as  its  enlargement, 
too  great  constriction,  ossification,  polypus,  palpitation,  syn- 
cope, inflammation,  debility,  and  also  some  alfections  of  the 
mind.  It  is  likewise  produced  by  every  difliculty  of  breathing, 
from  whatever  cause  it  may  arise;  because  then  the  blood 
passes  less  freely  through  the  lungs  :  anxiety  of  this  kind  is 
felt  deep  in  the  breast.  It  is  said  also  to  arise  from  the  difli- 
cult  passage  of  the  blood  through  the  liver  or  other  abdominal 
viscera.  A  certain  kind  of  anxiety  is  very  common  and  trouble- 
some to  hypochondriacal  people  ;  and  arises  from  the  stomach 
and  intestines  being  eitlier  loaded  with  indigested  and  cor- 
rupted food,  or  distended  with  air  produced  by  fermentation, 
and  extricated  from  the  aliments.  By  such  a  load  or  disten- 
tion, the  stomach,  which  is  a  very  delicate  organ,  becomes 
greatly  affected.  Besides,  the  free  descent  of  the  diaphragm 
is  thus  hindered,  and  respiration  obstructed.  Anxiety  of  this 
kind  is  usually  very  much  and  suddenly  relieved  by  the  expul- 
sion of  the  air  ;  by  which,  as  well  as  by  other  .signs  of  a  bad 
digestion,  it  is  easily  known.  In  these  cases  the  anxiety  is 
usually,  though  with  little  accuracy,  referred  to  the  stomach. 
Anxiety  also  frequently  accompanies  fevers  of  every  kind, 
sometimes  in  a  greater  and  sometimes  in  a  lesser  degree  ; 
arising  as  well  from  the  general  debility  as  from  the  blood 
being  driven  from  the  surface  of  the  body,  and  accumulated  in 
the  large  vessels:  as  in  the  beginning  of  an  intermittent  fever. 
Or  it  may  arise  from  an  atfcclion  of  the  stomach,  when  over- 
loaded with  crude,  corrupted  aliment,  or  distended  and  nau- 
seated with  too  much  medicated  drink.  As  the  fever  increases 
the  anxiety  of  the  patient  becomes  greater  and  greater; 
remarkably  so,  according  to  the  testimony  of  physicians,  cither 
immediately  before  the  crisis,  or  on  the  night  preceding  it ;  as 
before  the  breaking  out  of  exanthemata,  haemorrahagy,  sweat, 
or  diarrhoea,  which  sometimes  remove  fevers.  The  patient 
feels  likewise  an  anxiety,  from  the  striking  in  of  any  eruption 
or  critical  metastasis.  This  sensation  also  accompanies  fevers 
and  most  other  diseases,  when  the  vital  power  is  exhausted, 
and  death  approaches,  of  which  it  is  the  forerunner  and  the 
sign.  It  happens  at  that  time,  because  the  vital  powers, 
unable  to  perform  their  functions,  cannot  make  the  blood  cir- 


culate. But  what  kind  of  anxiety  this  is,  the  other  signs  of 
approaching  death  shew  very  evidently.  Jloreover,  even  in 
the  time  of  sleep,  anxiety  may  arise  from  the  same  causes  : 
hence  frightful  dreams,  which  frequently  disturb  our  repose 
with  surprise  and  terror.  , 

APAUMEE,  in  Heraldry,  a  hand  extended,  the  palm  open, 
the  fingers  and  thumb  extended. 

APEPOIA,  Indigestion,  which  may  be  produced  by  abste- 
miousness and  excess.  Columbo  root  infused  in  a  teapot  with 
boiling  water,  and  drank  when  cold  in  the  forenoon,  a  wine- 
glass full  at  a  time,  is  a  very  excellent  dose  when  the  stomach 
is  languid.  It  is  prescribed  in  substance  with  any  grateful 
aromatic,  or  infused  in  Madeira  wine,  now  and  then  inter- 
posing gentle  doses  of  tincture  of  rhubarb. 

APERIENTS,  facilitate  the  circulation,  and  remove  obstruc- 
tions ;  smallage,  fennel,  asparagus,  butcher's  broom,  and  pars- 
ley, are  the  common  aperients  of  the  shops. 

APHANE,  parsley  root. 

APHANXA,  a  total  loss  of  voice,  mostly  the  effect  of  other 
disorders,  and  must  be  removed  by  eradicating  the  disease 
which  had  caused  it. 

APHELIUM,  that  point  of  a  planet's  orbit,  in  which  it  is 
farthest  distant  from  the  sun. 

APHIS,  the  vinefretter,  or  plant  louse,  of  which  there  are 
thirty-three  species,  all  of  them  destructive  to  plants. 

APHTHA,  small  round  ulcers  in  the  mouth. 

APHYLLANTHES,  leafless  flower.     Blue  Montpellier  pink. 

APIARY,  a  place  where  bees  are  kept.     See  Bee. 

APIUAI,  parsley,  which  should  be  used  sparingly,  for  it  in 
liable  to  produce  epilepsy  in  some  constitutions. 

APOGEE,  that  part  of  the  earth's  orbit  which  is  farthest 
from  the  sun.  The  sun's  apogee  and  the  earth's  aphelion  are 
one  and  the  same  point. 

APOGOGICAL  Demonstration  ;  See  Absurd  ;  an  indirect 
way  of  proof,  by  observing  the  absurdity  of  the  contrary. 

APOPHY^GE,  a  concave  ring  of  a  column,  above  or  below  a 
flat  member. 

APOPLEXY,  a  disease  by  which  the  patient  is  suddenly 
deprived  of  all  his  senses,  and  of  voluntary  motion 

APOSGYNUM,  dog's-bane. 

A  POSTERIORI  Bemonstration,  proves  or  disproves  the 
fact  from  the  enumeration  of  paiticulars,  as  when  we  infer  the 
rotundity  of  the  earth  from  the  circular  shadow  it  casts  on  the 
moon. 

APOSTLES'  Creed,  a  formula  of  the  Christian  faith,  occurs 
first  in  the  writings  of  St.  Ambrose  ;  and  was  introduced  into 
the  church  about  the  end  of  the  5th  century,  when  Petrus 
Gnapheus  prescribed  the  recital  of  it  every  time  divine  service 
was  performed. 

APOSTROPHE,  in  Rhetoric,  a  figure  by  which  a  person, 
who  is  either  absent  or  dead,  is  addressed  as  if  he  were  pre- 
sent, and  listening  to  us. 

APOTHECARY,  one  who  practises  the  art  of  pharmacy  ;  in 
Loudon,  the  apothecaries  are  one  of  the  city  companies  ;  and 
they  are  obliged  to  make  up  their  medicines  according  to  rules 
laid  down  in  the  college  dispensatory.  Their  hall,  in  Blackfriars, 
is  the  first  laboratory  in  the  universe. 

APOTHEOSIS,  the  absurd  ceremony  of  making  a  mortal  a 
god.  A  gem  in  the  museum  of  Brandenburgh,  represents  the 
apotheosis  of  Julius  Ca;sar,  mounted  upon  a  celestial  globe, 
and  holding  a  helm  in  his  hand,  as  if  he  were  now  the  governor 
of  heaven,  as  before  of  the  earth. 

APOTOME,  in  Geometry,  the  dilTerence  between  two  im- 
measurable lines.  In  Music,  the  dillercnee  between  a  greater 
and  lesser  semitone  ;  expressed  by  the  ratio  128  :  12o.  ; 

APPARATUS,  the  appendages  or  utensils  belonging  to 
machines  ;  as  the  apparatus  of  an  air-pump,  electrical  machine, 
&c. ;  meaning  the  various  detached  parts  which  are  necessary 
for  putting  the  machinery  in  aclloii,  and  for  pel  forming  experi- 
ments, &e. 

APPARENT,  in  Mathematics  and  Astronomy,  is  used  to 
signify  things  as  they  appear  to  us,  in  contradistinction  from 
real  or  true;  and  in  this  respect  the  ai)parcnt  state  of  things 
is  often  very  dilferent  from  their  real  state  :  as  is  this  case  of 
distance,  magnitude,  &c. 

Apparent  Cuitjunctiujis  of  the  Playiets,  is  y/hen  a  right  line 
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supposed  to  be  drawn  through  their  centres,  passes  thi-oujch 
the  eye  of  the  spectator,  and  not  througli  the  centre  of  the 
earth. — And,  in  general,  the  apparent  conjunction  of  any 
objects,  is  when  they  appear  or  are  placed  in  the  same  right 
line  with  the  eye. 

Apparent  Diameter  of  an  Object,  is  the  angle  that  it  sub- 
tends at  the  eye,  which  diminishes  as  the  distance  increases  ; 
so  that  a  small  object  at  a  small  distance  may  have  the  same 
apparent  diameter  as  a  much  larger  object  at  a  greater  distance, 
provided  they  subtend  the  same  or  equal  angles  at  the  eye.  If 
the  objects  are  parallel  to  each  other,  their  real  diameters  are, 
in  this  case,  proportional  to  their  distances.  The  apparent 
diameter  also  varies  with  the  position  of  the  object ;  and  of 
equal  objects  at  equal  distances,  those  which  stand  in  a  posi- 
tion most  nearly  perpendicular  to  the  line  of  their  direction 
from  the  observer,  will  appear  to  have  the  greatest  diameter; 
our  idea  of  the  apparent  magnitude  generally  varying  nearly 
as  the  optic  angle.  But  although  the  optic  angle  be  the  usual 
or  sensible  measure  of  the  apparent  magnitude  of  an  object, 
yet  habit,  and  the  frequent  experience  of  looking  at  distant 
objects,  by  which  we  know  that  they  are  larger  than  they 
appear,  has  so  far  prevailed  upon  the  imagination  aud  judg- 
ment, as  to  cause  this  likewise  to  have  some  .share  in  our  esti- 
mation of  apparent  magnitudes;  so  that  these  will  be  judged 
to  be  more  than  in  the  ratio  of  the  optic  angles. 

Apparent  Attitude  of  Celestial  Objects,  is  effected  chiefly 
by  refraction  and  parallax  ;  and  that  of  terrestrial  objects,  by 
refraction. 

Apparent  Figure,  the  figure  or  shape  which  an  object 
appears  under  when  viewed  at  a  distance ;  and  is  often  dif- 
ferent from  the  true  figure.  Thus  a  straight  line,  viewed  at  a 
distance,  may  appear  but  as  a  point ;  a  surface,  as  a  line  ;  and 
a  solid,  as  a  surface.  Also  these  may  appear  of  difl'erent  mag- 
nitudes, and  the  surface  and  solid  of  diil'erent  figures,  accord- 
ing to  their  situation  with  respect  to  the  eye  :  thus  the  arch  of 
of  a  circle  may  appear  a  straight  line  ;  a  square,  a  trapezium, 
or  even  a  triangle  ;  a  circle,  an  ellipsis  ;  angular  magnitudes, 
round  ;  and  a  sphere,  a  circle.  Also  all  objects  have  a  ten- 
dency to  roundness  and  smoothness,  or  appear  less  angular, 
as  their  distance  is  greater  :  for,  as  the  distance  is  increased, 
the  smaller  angles  and  asperities  first  disappear,  by  sub- 
tending a  less  angle  than  one  minute ;  after  these,  the  next 
larger  disappear,  for  the  same  reason  ;  and  so  on  continually, 
as  the  distance  is  more  and  more  increased  ;  the  object  seem- 
ing still  more  and  more  round  and  smooth.  So,  a  triangle,  or 
square,  at  a  great  distance,  appears  only  as  a  round  speck  ; 
and  the  edge  of  the  moon  appears  round  to  the  eye,  notwith- 
standing the  hills  and  valleys  on  her  surface.  And  hence  it  is 
also,  that  near  objects,  as  a  range  of  lamps,  and  such  like, 
seen  at  a  great  distance,  appear  to  be  contiguous,  and  to  form 
one  uniform  continued  magnitude,  by  the  intervals  between 
them  disappearing,  from  tlie  smallness  of  the  angles  which 
they  subtend. 

Apparent  Motion,  is  either  that  motion  which  we  perceive 
in  a  distant  body  that  moves,  the  eye  at  the  same  time  being 
either  in  motion  or  at  rest ;  or  that  motion  which  an  object  at 
rest  seems  to  have,  while  the  eye  itself  only  is  in  motion.  The 
motions  of  bodies  at  a  great  distance,  though  really  moving 
equally,  or  passing  over  equal  spaces  in  equal  times,  may 
appear  to  be  very  unequal  and  irregular  to  the  eye,  which  can 
only  judge  of  them  by  the  mutation  of  the  angle  at  the  eye. 
And  motions,  to  be  equally  visible,  or  appear  equal,  must  be 
directly  proportional  to  the  distances  of  the  objects  moving. 
Again,  very  swift  molions,  as  those  of  (he  luminaries,  may  not 
appear  to  be  any  motions  at  all,  but  like  that  of  the  hour-hand 
of  a  clock,  on  account  of  the  great  distance  of  the  objects: 
and  this  will  always  happen,  when  the  space  actually  passed 
over  in  one  second  of  time,  is  less  than  about  the  l-lOOOlh  part 
of  its  distance  from  the  eye;  for  the  hour-hand  of  a  clock,  and 
the  stars  about  the  earth,  move  at  the  rate  of  fifteen  seconds 
of  a  degree  in  one  second  of  time,  which  is  only  the  137.01  part 
of  the  radius  or  distance  from  the  eye.  On  the  other  hand,  it 
is  possible  for  the  motion  of  a  body  to  be  so  swiff,  as  not  to 
appear  any  motion  at  all ;  as  when,  through  the  whole  space  it 
describes,  there  constantly  appears  a  continued  surface  or  solid 
as  it  were  generated  by  the  motion  of  the  object,  as  is  the 


case  when  any  thing  is  whirled  very  swiftly  round,  describing 
a  ring,  &c.  ,\lso,  the  more  oblique  the  eye  is  to  the  line  which 
a  distant  body  moves  in,  the  more  will  the  apparent  motion 
difl'er  from  the  true  one.  So,  if  a  body  revolve  wilh  an  equable 
motion  in  the  circumference  of  the  circle  A  B  C  D.  Sec.  aud  the 
eye  be  at  E  in  the  plane 

of  the  circle  ;  as  the   bodj  c^.- 

moves  from  A  to  B  and  C,  Ficj.SI. 

it  seelns  to  move  slower 

and  slower  along  the  line  /^  ..-^::::'.'' 

ALK,  till,  when  the  hoAj'^''^'^^:-'-::Z~, 

arrives  at  C,  it  appears  at g\ 

rest  at  K;  then,  while  it 
really  moves  from  C  by  D 
to  F,  it  appears  to  move 
quicker  and  quicker  from 

K  by  L  to  \,  where  its  motion  is  quickest  of  all ;  after  this  it 
appears  to  move  slower  and  slower  from  A  to  N,  while  the 
body  moves  from  F  to  H  :  there  becoming  stationary  again,  it 
apiiears  to  return  from  N  to  A  in  the  straight  line,  w  bile  it 
really  moves  from  H  by  I  to  A  in  the  circle.  And  thus  it 
appears  to  move  in  the  line  K  N  by  a  motion  continually  vary- 
ing between  the  least,  or  nothing,  at  the  extremes  K  and  N, 
and  the  greatest  of  all,  atthe  middle  point  A.  Or,  if  the  motion 
be  referred  to  the  concave  side  of  the  circle,  instead  of  the  line 
K  N,  the  appearances  will  be  the  same.  All  this  is  manifestly 
referable  to  the  motions,  stations,  retrogradations,  &C.  of  the 
planets.  If  an  eye  move  directly  forwards  in  one  direction, 
any  remote  object  at  rest  w  ill  appear  to  move  in  a  parallel  line 
the  contrary  way.  But  if  the  object  move  the  same  way,  and 
with  equal  velocity,  it  will  seem  to  be  at  rest.  If  it  move  the 
same  way,  with  less  velocity,  it  will  appear  to  move  back- 
wards, with  the  difference  of  the  velocities :  if  it  move  with 
greater  velocity,  it  will  appear  to  move  forwards  with  the 
difference  of  the  velocitiej.  And  when  the  object  has  a  real 
motion  contrary  to  that  of  the  eye,  it  appears  to  move  back- 
wards with  the  sum  of  the  velocities.  The  truth  of  al'  this  is 
experienced  by  persons  in  a  boat  moving  on  water,  or  in  a 
moving  carriage,  making  observations  on  distant  objects  in 
motion,  or  at  rest. 

Apparent  Place  of  an  Object,  in  Optics,  is  that  in  which  it 
appears,  when  seen  in  or  through  glass,  water,  or  other  reflect- 
ing or  refracting  media.  In  most  cases,  it  differs  much  from 
the  true  place. 

Apparent  Station,  in  Astronomy,  the  position  or  appearance 
of  a  planet,  or  comet,  in  the  same  point  of  the  zodiac  for  several 
days. 

Apparent  Heir,  in  Law,  he  whose  right  is  indefeasible, 
provided  he  outlives  the  ancestor  ;  as  the  eldest  son,  or  his 
issue.  Heirs  Presumptive,  are  those  whose  right  of  inherit- 
ance may  be  defeated  by  the  contingency  of  some  nearer  heir 
being  born.  Thus,  a  second  son  or  nephew  may  be  heir  pre- 
sumptive, but  his  right  of  inheritance  may  be  defeated  by  the 
birth  of  a  child  to  his  elder  brother  or  uncle  ;  or  a  daughter  may 
be  heir  presumptive,  as  her  hopes  may  hereafter  be  cut  off  by 
the  birth  of  a  son,  who,  by  the  English  law,  succeeds  to  both 
title  and  inheritance. 

APPARITION,  in  Astronomy,  denotes  a  star  or  other 
luminary's  becoming  visible,  which  before  was  hid  :  in  which 
sense  it  stands  opposed  to  Occultation.  Thus  the  heliacal 
rising  is  rather  an  apparition  than  a  proper  rising. 

APPEAL,  in  Law,  the  removal  of  a  cause  from  an  inferior 
to  a  superior  judge ;  as  from  the  ordinary  courts  to  the  House 
of  Lords. 

APPEARANCE,  in  Perspective,  is  the  representation  or 
projection  of  a  figure,  or  body,  upon  the  perspective  plane. 
Direct  Appearance,  in  Optics,  is  the  view  or  sight  of  an 
object  by  direct  rays,  without  either  refraction  or  reflection. 
In  Astronomy,  appearances  arc  more  commonly  termed  phe- 
nomena and  phases. 

APPLE.  There  are  many  kinds  of  apples;  thc'golden  pip- 
pin, which,  though  small,  keeps  well,  and  the  tree  grows  well 
in  good  light  soil;  the  Olsin  pij)pin,  or  Arbroath,  as  to  flavour,  is 
outdone  by  none  but  the  nonpareil  ;  the  Ribston  pippin  will 
keep  till  apples  come  again,  and  the  tree  grows  in  any  situa- 
tion ;  the  golden  and  royal  russets  are  liandsome  apples,  but 
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the  nonpareil  is  the  chief  of  the  russets  ;  the  codlings  grow 
freely,  but  none  of  them  keep;  the  golden  russet  is  a  summer 
apple  ;  the  royal  pearmain  is  large  and  beautiful. 

Apple  Sauce  for  a  Gnosc.  Pare,  core,  and  slice  your 
apples,  put  them  in  a  saucepan  with  as  much  water  as  will 
keep  them  from  burning  ;  set  them  over  a  very  slow  fire.  Keep 
them  close  covered  till  they  are  all  of  a  pulp,  then  put  in  a 
lump  of  butter  and  sugar  to  your  taste.  Beat  them  well,  and 
send  them  to  table  in  a  chiua-basou  or  sauce-boat,  with  a 
proper  ladle. 

APPLICATE:  Ordinate  Applicate,  in  Geometry,  is  a  right 
line  drawn  across  a  curve,  so  as  to  be  bisected  by  the  diameter 
of  it ;  being  what  we  commonly  call  double  ordinate. 

APPLICATION  of  Geometry  to  Algebra,  is  the  converse 
of  the  first  of  the  two  succeeding  cases  ;  for  as  in  that,  algebra  is 
employed  in  order  to  obtain  the  solution  of  a  geometrical  pro- 
blem, so  in  this  case  geometry  is  made  use  of  to  obtain  the 
solution  of  an  algebraical  problem.  This  relates  principally 
to  the  finding  the  roots  of  an  equation  by  a  geometrical  con- 
struction, which  is  explained  under  the  article  Construction. 

Application  oi  Algebra  auA  Geometry  io  Mechanics,  consists 
principally  in  representing,  by  equations,  the  curves  described 
by  bodies  in  motion  ;  as  in  the  theory  of  Projectiles,  &c. 

Application  oi  Geometry  aatX  Astronomy  to  Geoyrnphy,  prin- 
cipally consists  in  determining  by  geometrical  and  astrono- 
mical operations,  the  figure  of  the  terrestrial  globe  ;  in  finding 
the  positions  of  places  by  their  observed  latitude  and  longi- 
tude;  and  iiT  determining,  by  geometrical  operations,  (he 
positions  of  places  that  are  not  very  remote  from  one  another. 
Astronomy  and  geography  are  again  applicable  to  the  theory 
of  navigation. 

APPRENTICE,  one  who  is  bound  by  covenant  to  serve  a 
master,  upon  condition  that  he  instructs  or  causes  him  to  be 
instructed  in  his  profession,  art,  or  trade.  Seven  years  is  deem- 
ed the  legal  period;  but  from  tliis  there  are  many  deviations. 
Several  acts  of  parliament  specify  the  obligations  of  masters  and 
apprentices.  The  duties  paid  on  indentures  and  prcniiunis  may 
be  gathered  from  the  enactments  by  which  they  arc  regulated. 

APPROACH,  in  Fortification,  the  works  thrown  up  by  tlie 
besiegers  in  order  to  get  near  a  fortress  without  being  exposed 
to  the  enemy's  cannon.  In  Gardening,  it  signifies  the  inoculat- 
ing or  ingrafting  the  sprig  of  one  tree  with  another,  without 
cutting  it  off  the  parent  tree. 

APPROXIMATION,  in  Algebra  and  Arithmetic,  is  the 
method  of  approaching  nearer  and  nearer  to  the  quantity 
sought,  when  there  is  no  method  of  obtaining  the  exact  value: 
this  is  the  case  in  all  rules  for  finding  the  square  or  cube  root 
of  any  number  that  is  not  an  exact  square  or  cube. 

APRICOT :  of  this  fruit  we  have  several  kinds  ;  as,  the 
more-park,  or  peach  apricot,  is  a  large  handsome  fruit,  by 
many  persons  thought  the  richest  of  our  stone  fruits  ;  the 
orange  apricot  grows  freely,  and  is  excellent  for  preserving; 
the  Breda  is  juicy  ;  the  Brussels,  juicy  and  high  llavoured  ;  the 
masculine,  though  small  and  sharp  flavoured,  is  the  earliest 
apricot  we  cultivate. 

APRIL,  the  fourth  month  of  the  year,  according  to  the  com- 
mon, but  the  second  according  to  the  astronomical  computa- 
tion. It  contains  .^O  days.  In  this  month  the  sun  travels 
through  the  sign  Taurus  ;  or  more  properly,  the  earth  ii  now  in 
Scorpio,  and  the  sun,  as  seen  from  the  earth,  appears  in  Taurus. 

The  April  Calendar,  in  animated  nature,  exhibits  the  viper 
and  woodlouse  ;  the  mistletoe  thrush  pairs;  frogs  croak  and 
spawn;  and  moths  appear  in  the  first  week.  In  the  second, 
the  stone  curlew  clamours,  young  frogs  appear,  pheasant  cocks 
crow,  trouts  rise,  and  spiders  creep  phnlifully.  In  the  third 
■week,  the  crested  wren  sings;  blackbirds,  ravens,  pigeons, 
hens,  and  ducks,  sit.  In  the  fourth,  the  feldfare  leaves  us,  and 
the  swallow  returns  ;  the  nightingale  sings,  the  bittern  makes  a 
noise;  the  house-martin  skims  the  air,  the  blackcap  whistles, 
and  the  common  snake  creeps  abroad.— In  vegetable  nature, 
various  shrubs  and  trees  blossom,  with  the  daliodil,  hyacinth, 
wallflower,  cowslip,  periwinkle,  ground  ivy.  beech  and  elm 
trees  ;  and  the  larch  shoots  its  wiry  leaves.  Nursery  men  now 
sow  for  fruit-trees,  forests  and  woods,  and  all  sorts  of  prolilable 
plantations  in  masses;  those  evergreens,  the  pine,  fir,  cedar  of 
Lebanon,  holly,  and  yew,  are  planted ;  and  all  the  operations  of 
G. 


routine  culture,  as  hoeing,  road-making,  draining,  cropping  and 
fencing,  are  performed.  The  gardener  grafts  his  fruit-trees ; 
plants  cuttings  of  gooseberry  and  currant  shrubs  ;  and  trans- 
plants evergreens.  The  flower  garden  is  cropped,  slips  and 
offsets  are  propagated,  insects  are  destroyed,  and  the  routine 
culture  proceeds  by  weeding,  hoeing,  &c.  Pleasure  grounds 
and  shrubberies  are  now  finished  planting;  lawns  are  formed 
and  repaired ;  the  fires  of  the  green-house  are  discontinued. 
In  the  kitchen  garden,  artichokes  are  dressed  and  planted  ; 
asparagus  beds  are  digged  and  forked,  or  sown;  beans  are 
planted  and  couthed  up  ;  beet,  brocoli,  Brussels  sprouts,  cap- 
sicums, carrots,  leeks,  celery,  onions,  peas,  savoys,  skirref, 
turnips,  and  salads,  are  sown ;  cabbages,  cauliflower,  German 
greens,  potatoes,  and  seacale  are  planted.  The  cherry-house 
is  forced  ;  the  grapery  is  strictly  attended  to,  established 
plants  are  forced  in  it;  the  forcing  peach  house,  and  the  pinery 
and  hot  beds  require  all  the  gardener's  care. 

Correct  List  of  ei'ery  thiny  in  Scaso7i  in  April. — Meat.  Beef, 
mutton,  veal,  lamb. — Fish.  Carp,  chub,  tench,  trout,  crawfish,' 
salmon,  turbot,  soles,  skate,  mullets,  smelts,  herrings,  crabs, 
lobsters,  prawns. — Poultry,  &c.  Pullets,  fowls,  chickens,  duck- 
lings, pigeons,  rabbits,  leverets. — Roots,  &c.  Coleworts, 
sprouts,  brocoli,  spinage,  fennel,  parsley,  chervil,  young 
onions,  celery,  endive,  sorrel,  burnet,  tarragon,  radishes,  let- 
tuces, all  sorts  of  small  salad,  thyme,  and  all  sorts  of  pot- 
herbs.— Fruit.  Oranges,  lemons,  forced  cherries,  apricots  for 
tarts,  grapes. 

A  PRIORI,  {demonstration  d  priori,)  proves  or  disproves  the 
fact  from  the  law,  or  the  cflect  from  the  cause  ;  as  when  wc 
deduce  the  immortality  of  the  soul  from  the  fact,' that  the  soul 
is  a  thinking  principle,  and  that  therefore  it  is  immaterial  and 
indestructible. 

APRON,  in  naval  Architecture,  a  piece  of  curved  timber 
fixed  behind  the  lower  part  of  the  stem,  and  immediately 
above  the  foremost  end  of  the  keel.  In  Gunnery,  the  piece  of 
lead  (hat  covers  the  touch-hole  of  a  gun. 

APTEKA,  the  seventh  order  of  insects,  and  such  as  have  no 
wings. 

APUS  INDICA,  the  Bird  of  Paradise,  a  Small  asterism 
placed  near  the  South  Pole,  contains  eleven  stars,  none  of 
which  exceed  the  4th  magnitude. 

AQUARIUS,  the  IKh  sign  of  the  zodiac,  through  which  the 
sun  moves  in  the  month  of  January.  Aquarius  is  the  Egyp- 
tian Canopus  or  Neptune,  with  his  pitcher.  Towards  the  end 
of  July  Aquarius  sets  with  his  head  foremost,  when  the  Egyp- 
tians fable,  that  he  made  the  river  Nile  overflow  by  plunging 
his  pitcher  into  it!  This  constellation  is  bounded  on  the  north 
by  Equuleus  and  Pegasus,  cast  by  Pisces  and  Cctus,  south  by 
Piscis  Australis  and  Apparatus  Sculptoris,  and  west  by  Capri- 
cornus  and  Antiniiiis.  There  are  108  stars  in  this  sign,  four  of 
which  are  of  the  3d  magnitude,  six  of  the  4tli,  &c.  The  chief 
star  a,  of  (he3il  magnitude,  having  1°  H'  2-i."  south  declination, 
and  329°  7'  43"  right  ascension,  rises  at  London,  on  the  east 
point  of  the  horizon,  and  its  rising  and  culminating  on  the  first 
day  of  each  month,  are  expressed  in  the  following  Table  : 
Meridian-Altitude  37°  17'  38". 

Month. 

Jan. 
F  I.. 
Slar. 
April. 

June. 

AQUA-TINTA  Engraving.  By  aqua-tinta  engraving  wc  can 
produce  prints  resembling  drawings  in  Indian-ink.  The  prin- 
ciple of  the  process  consists  in  corroding  the  copper  «itli  aqua 
fortis,  so  that  an  impression  from  it  has  tlic  appearance  of  a 
tint  of  ink  laid  on  tlie  paper.  This  is  done  by  covering  the 
copper  with  a  powder  or  some  substance  which  takes  a  granu- 
lated fi)rin,  so  as  to  prevent  the  aqua  fortis  fioni  acting  where 
the  particles  adhere,  and  by  this  iiicnns  c.iuscs  it  to  corrode 
the  copper  partially,  and  in  (lie  interstices  only.  AVhcn  these 
|)ar(icl<s  have  been  exdcmely  niiiiiitc,  the  iniprcssion  from  the 
plate  appears  like  a  wash  of  Indian-ink  ;  but  when  they  are 
large,  the  granulation  is  more  distinct,  and  as  this  may  be 
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▼aried  at  pleasure,  it  may  be  adapted  as  successfully  to  a 
variety  of  purposes  and  subjects.  This  powder,  or  granula- 
tion, is  called  aqua-tinta  siraiu  ;  there  are  two  methods  of  pro- 
ducing; it.  Having;  etched  the  outline  on  a  copper-plate,  pre- 
pared in  the  usual  way  by  the  coppersmith,  procure  some  sub- 
stance finely  powdered  and  sifted,  which  will  melt  with  heat, 
and  when  cold  will  adhere  to  the  plate,  and  resist  the  action  of 
aqua  forlis.  The  substances  used  for  this  purpose,  either 
separately  or  mixed,  are  asphaltum.  Burgundy-pitch,  resin, 
gum-opal,  gum-mastich  :  and  all  the  resins  and  gum-resins 
answer  the  same  purpose.  Common  resin  has  been  generally 
used,  and  answers  tolerably  ;  though  gum-opal  makes  a  better 
grain  to  resist  the  aqua  fortis.  The  substance  intended  to  be 
used  for  the  grain  is  distributed  equally  over  the  plate  ;  dif- 
ferent methods  of  performing  this  part  of  the  operation  have 
been  used  by  dilTerent  engravers.  The  usual  way  is  to  tie  up 
the  powder  in  a  muslin  bag,  which  is  struck  against  a  piece  of 
stick,  held  at  sorae  height  above  the  plate;  the  powder  that 
issues  out  falls  gently,  and  settles  equally  over  the  plate  ;  as 
hair  powder  upon  the  furniture,  after  the  operations  of  the  bar- 
ber. The  plate  being  covered  equally  over  with  the  dust  or 
powder,  the  operator  proceeds  next  to  fix  it  upon  the  plate,  by 
heating  it  gently,  so  as  to  melt  the  particles.  This  may  be 
done  by  holding  under  the  plate  lighted  pieces  of  rolled-up 
brown  paper,  moving  them  about  till  every  part  of  the  powder 
is  melted  ;  this  will  be  known  by  its  brownish  change  of  colour. 
It  is  now  to  be  suft'ered  to  cool,  or  be  ready  for  the  next  part 
of  the  process.  Such  parts  of  the  drawing  to  be  engraved  as 
are  perfectly  white,  have  their  corresponding  parts  of  the  plate 
covered  with  turpentine  varnish,  diluted  with  turpentine  to  a 
proper  consistence,  to  work  freely  with  the  pencil,  and  mixed 
with  lamp-black  to  give  it  colour  ;  if  transparent,  the  touches 
of  the  pencil  would  not  be  distinctly  seen.  The  margin  of  the 
plate,  is  also  covered  with  varnish.  When  the  varnish  is  dry, 
a  border  of  wax  is  raised  rOund  the  plate,  as  in  etching,  and 
you  pour  out  the  aqua  fortis  properly  diluted  with  water.  This 
is  called  biting-in.  It  is  the  part  of  the  process  most  uncer- 
tain, and  requiring  the  greatest  degree  of  experience.  AVhen 
the  aqua  fortis  has  Iain  on  so  long  that  the  plate,  when  printed, 
would  produce  the  lightest  tint  in  the  drawing,  it  is  poured  off, 
and  the  plate  washed  with  water,  and  dried.  When  dry,  the 
lightest  tints  in  the  drawing  are  varnished  again,  and  the  aqua 
fortis  poured  on  as  before,  and  the  same  process  is  repeated 
as  often  as  there  are  tints  to  be  produced  in  the  plate. 
Although  many  plates  are  etched  entirely  by  this  method  of 
stopping-out  and  biting-in  alternately,  yet  in  general  it  is  very 
difficult  to  stop  round,  and  leave  out  all  the  finishing  touches, 
as  also  the  leaves  of  trees  and  other  objects,  which  in  this 
manner  it  is  impossible  to  execute  with  freedom.  To  over- 
come this  diliiculty,  another  process  has  been  invented,  by 
which  these  touches  are  laid  on  the  plate  with  as  much  ease 
and  expedition  as  in  an  Indian-ink  drawing.  Fine  washed 
whiting  mixed  with  a  little  treacle  or  sugar,  and  diluted  with 
water  in  the  pencil,  so  as  to  work  freely,  is  laid  on  the  plate 
covered  with  the  aqua-tint  ground,  in  the  same  manner  and  on 
the  same  parts  as  ink  on  the  drawing.  When  dry,  the  plate  is 
varnished  with  a  weak  thin  varnish  of  turpentine,  asphaltum, 
or  mastich  :  when  dry,  aqua  fortis  is  poured  on.  The  varnish 
immediately  breaks  up  in  the  parts  where  the  treacle  mixture 
was  laid,  and  exposes  those  places  to  the  action  of  the  acid, 
while  the  rest  of  the  plate  remains  secure.  The  effect  of  this 
is,  that  all  the  places  where  the  treacle  was  used,  are  bit-in 
deeper  than  the  rest,  and  have  all  the  precision  and  firmness  of 
touches  in  Indian-ink.  After  the  plate  is  completely  bitten-in, 
the  bordering  wax  is  taken  oil',  by  heating  the  plate  a  little 
with  a  lighted  piece  of  paper;  it  is  then  cleared  from  the 
ground  and  varnish  by  oil  of  turpentine,  and  wiped  dean  with 
a  rag  and  a  little  fine  whiting,  when  it  is  ready  for  the  printer. 
The  disadvantages  of  this  method  of  aqua-tinlingarc,  a  difficulty 
to  produce  the  required  degree  of  coarseness  or  fineness  in  the 
grain,  and  plates  so  engraved  print  not  many  impressions 
before  they  are  worn  out,  and  though  occasionally  of  service, 
it  is  therefore  seldom  used.  The  second  method  of  producing 
the  aqua-tint  ground,  generally  practised,  is  the  following.  Some 
resinous  substance,  as  conininn  resin.  Burgundy-pitch,  or 
niastieh,  dissolved  in  spirits  of  wine,  is  poured  all  over  the 


plate,  held  in  a  slanting  direction  that  the  superfluous  fluid 
may  drain  olf ;  it  is  then  laid  down  to  dry.  The  spirit,  in  evapo- 
rating, leaves  the  resin  in  a  granulated  state,  or  rather,  the 
latter  has  cracked  in  every  direction,  still  adhering  liruily  to 
the  copper.  A  grain  is  thus  produced  with  great  ease, 
extremely  regular  and  beautil'ul,  and,  in  comparison  of  the 
former  method,  much  superior  for  most  purposes.  After  the 
grain  is  formed,  every  part  of  the  process  is  conducted  as 
described  above.  There  are  some  particulars  necessary  to  be 
known,  to  secure  success  in  the  operation.  The  spirits  of  wine 
used  for  the  solution  must  be  of  the  best  quality,  highly  recti- 
fied. That  sold  in  shops  generally  contains  camphor,  which 
entirely  spoils  the  grain.  Rosin,  Burgundy-pitch,  and  gum- 
mastich,  when  dissolved  in  spirits  of  wine,  produce  grains 
of  a  dilferent  appearance  and  figure,  and  are  sometimes  used 
separately,  and  sometimes  mixed  in  difl'erent  proportions, 
according  to  the  taste  of  the  artist,  some  using  one  substance 
and  some  another.  To  produce  a  coarser  or  finer  grain,  it  is 
necessary  to  use  a  greater  or  smaller  quantity  of  resin  ;  and  to 
ascertain  the  proportions,  the  liquor  may  be  poured  on  several 
spare  pieces  of  copper,  and  the  grain  examined,  before  it  is 
applied  to  the  plate  to  be  engraved.  When  the  solution  is 
made,  it  must  stand  still  and  undisturbed  for  a  day  or  two,  till 
all  the  impurities  of  the  rosin  have  settled  to  the  bottom,  and 
the  fluid  is  quite  pellucid.  No  other  method  of  freeing  it  from 
those  impurities  has  been  found  to  answer:  straining  it  through 
linen  or  muslin  fills  it  with  hairs,  which  ruin  the  grain.  The 
room  in  which  the  liquid  is  poured  on  the  plate  must  be  per- 
fectly still,  and  free  from  dust,  which  whenever  it  falls  on  the 
plate  while  wet,  causes  a  white  spot,  which  it  is  impossible  to 
remove  without  laying  the  grain  afresh.  The  plate  must  also 
be  previously  cleaned  carefully  with  a  rag  and  whiting,  as  the 
smallest  stain  or  particle  of  grease  produces  blemish  in  the 
grain.  All  these  attentions  are  necessary,  to  produce  regular 
grain;  and,  after  every  thing  that  can  be  done  by  the  most 
experienced  artists,  there  is  still  much  uncertainty  in  the  pro- 
cess. Artists  are  some  times  obliged  to  lay  on  the  grains 
several  limes  before  they  procure  one  sufficiently  regular.  The 
same  proportions  of  materials  do  not  always  produce  the  same 
efl'ect,  vvliicli  depends  greatly  on  their  qualities  ;  and  it  is  even 
materially  altered  by  the  weather.  These  difficulties  are  not 
surmounted  but  by  experience  ;  and  those  who  daily  practise 
the  art,  are  liable  to  unforeseen  accidents.  It  is  to  be  lamented, 
that  so  elegant  and  useful  a  process  should  be  so  extremely 
delicate  and  uncertain.  As  the  plate  is  held  in  a  slanting 
direction,  to  drain  off  the  superfluous  fluid,  there  will  naturally 
be  a  greater  body  of  the  liquid  at  the  bottom  than  the  top  of 
the  plate.  Hence,  a  grain  laid  in  this  way  is  always  coarser 
at  the  lowermost  side  of  the  plate.  The  most  usual  way  is,  to 
keep  the  coarsest  side  for  the  foreground,  that  being  generally 
the  part  which  has  the  deepest  shadows.  In  large  landscapes, 
various  parts  are  sometimes  laid  with  different  grains,  accord- 
ing to  the  nature  of  the  subject.  The  finer  the  grain  is,  the 
more  the  impression  resembles  Indian-ink,  and  the  fitter  it  is 
for  imitating  drawings :  but  fine  grains  are  apt  to  come  off 
before  the  aqua  fortis  has  lain  on  long  enough  to  produce  the 
desired  depth  ;  and  as  the  plate  is  not  corroded  so  deep,  it 
sooner  wears  out  in  printing :  coarser  grains,  on  the  contrary, 
are  firmer,  the  acid  goes  deeper,  and  the  plate  throws  off  a 
greater  number  of  impressions.  This  is  evident  when  we  con- 
sider, that,  in  the  fine  grains,  the  particles  being  small  are  near 
each  other,  and  consequently  the  aqua  fortis,  which  acts  late- 
rally as  well  as  downwards,  soon  undermines  the  particles,  and 
causes  them  to  come  olV.  If  left  too  long  on  the  plate,  the  acid 
would  eat  away  the  grain  entirely.  The  moderately  coarse 
grains  are  on  these  accounts  more  sought  after,  and  answer 
bitter  than  the  fine  grains  formerly  in  use.  Though  there  are 
difficulties  in  laying  properly  the  a(pia-tint  grain,  yet  corroding 
the  copper,  or  biting-in,  so  as  to  produce  exactly  the  tint 
required,  is  even  more  precarious  and  uncertain.  No  rules 
can  be  laid  down,  by  which  success  in  this  process  can  be 
secured;  a  deal  of  experience  and  attentive  observation  alone 
enable  artists  to  do  it  with  certainty.  We  will  therefore  give 
some  hints  which  may  be  of  importance  to  those  who  wish  to 
obtain  the  practice  of  this  art.  The  longer  the  acid  remains  in 
the  copper,  the  deeper  it  bites,  and  consequently  the  darker 
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the  shade  on  the  impression.  It  may  be  of  some  use,  therefore, 
10  have  several  bits  of  copper  laid  with  aqua-tint  grounds,  of 
the  same  kind  to  be  used  in  the  plate,  and  to  let  the  aqua  fortis 
remain  for  different  lengths  of  time  on  each  ;  and  then  to 
examine  tlie  tints  produced  in  one,  two,  three,  four  minutes,  or 
longer.  Observations  of  this  kind,  frequently  repeated,  and 
with  acid  of  various  degrees  of  strength,  will  assist  the  judg- 
ment in  guessing  at  the  tint  to  be  produced  in  the  plate.  A 
magnifier  is  also  useful,  to  examine  the  grain,  and  observe  the 
depth  to  which  it  is  bit.  No  proof  of  the  plate  can  be  obtained 
till  the  whole  process  is  finished.  Therefore  if  any  part  appears 
bit  too  dark,  it  must  be  burnished  down  with  a  steel  burnisher  ; 
but  this  requires  delicacy  and  good  management,  not  to  make 
the  shade  streaky  ;  and  as  the  beauty  and  durability  of  the  grain 
are  nsually  injured  by  it,  it  should  be  avoided  as  much  as  pos- 
sible. Those  parts  not  dark  enough,  must  have  a  fresh  grain 
laid  over  them,  and  be  stopped  round  with  varnish,  and  sub- 
jected again  to  the  aqua  fortis.  This  re-biting  requires  care 
and  attention.  The  plate  must  be  well  cleaned  out  with  tur- 
pentine before  laying  on  the  grain,  which  should  be  pretty 
coarse,  else  it  will  not  lay  upon  the  heights  only,  as  it  is  neces- 
sary to  produce  the  same  grain.  If  the  new  grain  is  different 
from  the  former,  it  will  be  rotten,  not  clear  and  fine. — In  this 
general  account  of  the  process  of  engraving  in  aqua-tinta,  we 
believe  no  material  circumstance  has  been  omitted,  that  can 
be  communicated,  without  seeing  the  different  stages  of  the 
operation :  but  after  all,  no  written  directions  whatever  can 
enable  a  person  to  practise  any  art  perfectly,  much  less 
engraving  in  aqua-tinta.  Its  success  depends  upon  so  many 
niceties,  an  attention  to  circumstances  apparently  so  trifling, 
that  the  person  who  attempts  it,  tnust  not  be  surprised  if  he 
does  not  succeed  at  first.  It  is  a  species  of  engraving  simple 
and  expeditious,  if  every  thing  goes  on  well  ;  but  precarious, 
and  liable  to  errors  which  are  rectified  with  great  dilliculty. 
It  seems  adapted  for  imitation  sketches,  washed  drawings, 
and  slight  subjects  ;  but  not  at  all  calculated  to  prodnce  prints 
from  finished  pictures.  Nor  does  it  appear  suitable  for  book- 
plates, since  it  prints  not  a  sufficient  number  of  impressions. 
It  cannot,  therefore,  be  put  in  competition  with  the  other  modes 
of  engraving  ;  but,  confined  to  subjects  for  which  it  is  calcu- 
lated, it  is  extremely  useful,  as  it  is  expeditious,  and  may  be 
executed  with  much  less  trouble  than  any  other  mode  of 
engraving.  But  even  this  circumstance  is  a  source  of  mischief. 
It  occasions  the  production  of  a  multitude  of  prints,  that  have 
no  other  effect  than  that  of  vitiating  the  public  taste. 

AQUEDUCT,  a  conduit  of  water,  is  a  construction  of  stone 
and  timber  built  on  uneven  ground,  to  preserve  the  level  of 


water,  and  to  conduct  it  through  canals  from  one  place  to 
another.  Some  of  these  aqueducts  are  visible,  and  others  sub- 
terraneous :  those  of  the  former  sort  are  constructed  at  a  great 
height,  across  valleys  and  marshes,  and  supported  by  piers 
and  ranges  of  archesi ;  the  latter  are  formed  by  piercing  the 
mountains,  and  conducting  them  below  the  surface  of  the  earth. 
They  are  built  of  brick,  stone,  &c.  and  covered  above  with 
vaulted  roofs,  or  flat  stones,  serving  to  shelter  the  water  from 
the  sun  and  rain  ;  and  of  these,  some  are  double,  and  others 
triple,  that  is,  supported  by  two  or  three  ranges  of  arches.  Of 
the  latter  kind,  are  the  Pont-du-gard  in  Languedoc,  supposed 
to  have  been  built  by  the  Romans  to  carry  water  to  the  city  of 
Nismes;  that  of  Constantinople  ;  and  that  which,  according  to 
Proeopius,  was  constructed  by  Cosroes,  king  of  Persia,  near 
Petra  in  Mingrelia,  and  which  had  three  conduits  in  the  same 
direction,  each  elevated  above  the  other.  Some  of  the  aque- 
ducts are  paved,  others  convey  the  water  through  a  natural 
channel  of  clay  ;  and  it  was  frequently  conducted  by  pipes  of 
lead  into  reservoirs  of  the  same  metal,  or  into  troughs  of  hewn 
stone. 

The  Aqueduct  of  Alcantara,  fig.  83,  near  Lisbon,  is  56,380 
feet  long;  supported  on  127  arches,  the  middle  arch  being  2*20 
feet  high,  and  108  feet  wide  ;  the  other  arches  are  extremely 
well  executed  ;  and  in  standing  at  the  western  angle,  the  eye 
ranges  over  the  piers,  without  the  slighest  variations  of  any  of 
them  from  the  vertical  plane.  The  joints  are  close,  and  the 
horizontal  lines  well  preserved.  The  voussoirs  of  the  arches 
appear  of  equal  length,  and  their  extrados  are  adapted  to  the 
courses  of  16  inches  deep.  Those  of  the  middle  arch  appear 
about  8  feet  in  length,  and  15  of  them  constitute  the  depth  of 
the  work ;  but  the  four  ranks  of  projecting  stones,  which  pro- 
bably carried  the  centering,  hurt  the  uniformity.  The  only 
perceptible  sinking  occasioned  by  the  earth<iuake  is  in  the 
north  parapet,  and  in  one  of  the  towers.  A  stream,  or  rather 
winter-torrent,  runs  through  the  channel  under  the  great  arch, 
and  empties  itself  into  the  Tagus,  about  two  miles  distant. 
The  width  of  the  section  at  top  is  30  feet  one  inch,  and  at 
bottom  25  feet  10  inches.  The  steepest  or  eastern  bank  is  the 
Lisbon  side,  and  the  gently  rising  or  western  bank,  the  Bellas 
side  ;  the  spectator  will  then  face  the  south.  A  statue  of 
John  V.  who  reigned  in  1717,  is  represented  in  Roman  costume 
on  a  pedestal  on  the  eastern  end,  where  the  footpath  com- 
mences, from  which  to  the  arch  No.  1,  is  570  feet  seven  inches 
solid  wall.  The  most  modern  and  most  extensive  aqueduct  is 
that  built  by  Louis  XIV.  near  Maintenon,  for  carrying  the  river 
Bure  to  Versailles.  It  is  7000  fathoms  long,  and  its  elevation 
2560  fathoms  ;  and  contains  242  arcades. 


Bridge  of  Alcantara. — Fig.  S3. 
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It  is  a  very  prevailing  opinion,  that  the  Romans,  amidst  all 
their  magnificence,  were  ignorant  of  the  simplest  elements  of 
hydrostatics,  and  therefore  entirely   unacquainted  with  the 


method  of  conducting  and  raising  waler  by  a  train  of  pipes. 
Nothing,  however,  can  be  worse  founded  than  this  notion.  The 
ancient  writers,  who  either  treat  of  the  subject,  or  incideatulljr 
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luention  it,  are  clear  and  explicit  in  their  remarks,  wliile  many 
vestiges  of  art  still  attest  the  accuracy  of  those  statements. 
Pliuy,  the  natural  historian,  lays  ilown  the  main  principle,  that 
"  water  will  invariably  rise  to  the  height  of  its  source  :"  Subit 
altitudinem  exortus  sui.  He  subjoins,  that  leaden  pipes  must 
be  employed,  to  carry  water  up  to  an  eminence.  Palladius, 
in  his  treatise  De  Re  Rustica,  teaches  how  to  find  springs,  by 
observing  immediately,  from  the  sunrise  in  the  month  of 
August,  the  vapours  which  hover  above  particular  spots  ;  and 
having  there  dug  a  well,  he  directs  the  water  to  be  conducted 
to  the  farm  or  villa,  either  by  a  conduit  constructed  of  masonry, 
or  by  means  of  pipes  of  lead,  of  wood,  or  even  of  earthenware. 
He  allows  one  foot  in  sixty,  or  in  a  hundred,  for  an  uniform 
descent.  But  if  the  ground  should  afterwards  rise,  he  says, 
the  conduit  must  be  supported  on  piles  or  arches,  or  the 
water  must  be  raised  in  leaden  pipes,  when  it  will  mount 
just  to  the  level  of  its  head.  But  Palladius  testifies  his 
aversion  to  the  use  of  lead,  as  apt  to  become  covered  with 
ceruss,  and  thereby  rendered  unwholesome,  or  even  poisonous. 
This  consideration  had,  no  doubt,  served  to  restrain  the  general 
adoption  of  leaden  pipes  among  the  Romans.  Still,  however, 
we  may  infer,  from  the  allusions  of  the  poets,  that  such  pipes 
had  come  into  very  common  use.  They  were  not  cast  tubular 
as  at  present,  but  consisted  of  thin  plates  bent  up  into  the  form 
of  a  cylinder,  and  soldered  along  the  edge.  They  must  fre- 
quently have  given  way,  therefore,  at  this  seam.  Horace  asks, 
if  the  water  which  threatens  in  the  streets  to  burst  its  lead,  be 
purer  than  the  rivulet  that  trembles  and  murmurs  as  it  flows. 
Epist.  I.  X.  20.  Ovid  compares  the  gush  of  blood  from  the 
mortal  wound  which  Pyramus,  in  the  agony  of  despair,  had 
intlicted  upon  himself,  to  the  accidental  rupture  of  a  leaden 
pipe.  Metum.  iv.  120.  Statius  speaks,  no  doubt  with  poetical 
exaggeration,  of  whole  rivers  being  discharged  by  such  con- 
duits. Statins,  I.  Si/lv.  Vitruvius  describes  the  three  principal 
modes  of  conveying  water;  but  directs,  as  the  previous  opera- 
tion, to  trace  a  level  ( libramentum )  on  the  ground.  This  libra- 
tion  was  performed  by  the  dioptron,  the  water-level,  or  the 
cborobates.  The  dioptron  seems  to  have  been  a  sort  of  quad- 
rant fitted  with  sights  ;  the  water-level  consisted  of  a  tube, 
probably  of  copper,  five  feet  long  and  an  inch  wide,  turned  up 
an  inch  and  a  half  at  both  ends,  and  was  adjusted  till  water 
rose  equally  in  them  ;  the  chorobates,  or  perambulator,  which 
he  considered  as  the  most  accurate  instrument,  was  composed 
of  a  rod  twenty  feet  long,  having  a  square  and  plummet 
attached  at  each  extremity.  Vitruvius  allows  only  half  a  foot 
in  the  hundred,  for  the  slope  of  an  aqueduct.  After  the  water 
had  reached  the  walls  of  a  city,  it  was  admitted  into  a  reser- 
voir or  castellum,  divided  into  three  distinct  and  equal  com- 
partments, one  to  feed  the  pools  and  fountains,  another  to 
supply  the  public  baths,  and  a  third  for  the  accommodation  of 
palaces  and  private  houses.  The  distribution  of  the  water  was 
effected  commonly  by  means  of  leaden  pipes.  The  smallest  of 
these  was  called  a  denaria,  being  ten  feet  in  length,  the  six- 
teenth part  of  this  in  breadth,  and  weighing  120  Roman  pounds. 
This  gives,  for  the  thickness  of  the  load,  exactly  the  quarter  of 
an  English  inch.  In  lower  situations,  where  the  stress  against 
the  sides  was  greater,  the  pipes  appear  to  have  been  made 
proportionally  stronger.  The  quantity  of  water  delivered  from 
the  cisterns  was  regulated  by  the  dimensions  of  the  spouts, 
termed  calices.  These  formed  a  series  of  tw  enty-five  dilferent 
kinds,  which  served  as  moduli.  Their  diameters  were  some- 
times reckoned  by  ounces,  or  the  twelfth  parts  of  a  Roman 
foot,  but  more  commonly  by  quarter  digits,  or  the  sixty-fourth 
part  of  a  foot.  The  quiuaria  seem  to  have  been  considered  as 
the  standard,  and  its  width  must  have  hence  corresponded  to 
the  '906  part  of  an  English  inch.  The  ajutate  or  length  of  all 
those  spouts  was  the  same,  being  twelve  digits,  or  three-fourths 
of  a  Roman  foot,  and  therefore  equal  to  8'7  Enjlish  inches. 
Prony  conjectures,  from  very  probable  grounds,  that  such  was 
also  the  altitude  of  a  column  of  pressure  above  the  middle  of 
each  orifice.  This  estimate  gives  197!)  cubic  feet,  for  the  (pian- 
tity  of  discharge  of  a  denaria,  in  the  space  of  twenty-four 
hours.  Leaden  pipes  were  likewise  employed  to  carry  water 
across  vales  and  over  eminences.  But  it  behoved  to  erect,  at 
the  several  incurvations,  columnaria,  or  chimneys,  to  give  vent 
to  the  air  which  might  collect  and  gorge  up  the  passage  of  the 


water.  Such  funnels  required  to  be  raised  to  near  the  height 
of  the  fountain  head.  Vitruvius,  however,  joins  w  ilh  Palladius 
and  Columella,  in  recommending  pipes  of  earthetiware,  as  not 
only  cheaper,  but  more  wholesome,  than  those  of  lead.  They 
could  be  formed  thicker,  if  necessaiy,  and  might  be  farther 
strengthened  and  secured,  they  said,  by  an  outer  coating  of 
lime  worked  up  with  oil.  But  such  pipes  not  being  glazed, 
it  became  necessary,  before  using  them,  to  fill  up  the  pores  by 
a  sort  of  puddling,  that  is,  to  wash  their  inside  with  lavilla,  or 
fine  wood-ashes.  No  wonder,  therefore,  that  the  leaden  pipes 
were  held  in  little  estimation  among  the  ancient  Romans. 
They  seem  to  have  been  seldom  used  indeed  beyond  the  limits 
of  the  imperial  city,  except  as  auxiliaries  in  the  smaller  aque- 
ducts. When  such  conduits  happened  to  be  interrupted  by  a 
deep  narrow  vale,  instead  of  joining  them  by  an  arch  thrown 
over  the  gap,  the  connexion  was  sometimes  formed  by  an 
inverted  syphon  of  lead,  carried  on  the  one  side  down  to  the 
bottom,  and  brought  up  on  the  other.  Rome  was  supplied  by 
nine  great  aqueducts,  according  to  Frontinus,  who  had  been 
appointed  curator  of  those  magnificent  works  by  the  emperor 
Nerva.  He  added  five  more  ;  and  the  number  was  afterwards 
augmented,  by  successive  emperors,  to  twenty.  Of  these,  the 
most  remarkable  were,  1.  The  Aqua  Appia,  thus  named  from 
its  having  been  constructed  by  the  censor  Appius  Claudius,  in 
the  442d  year  of  Rome,  begun  between  the  sixth  and  eighth 
milestone,  made  a  circuit  of  880  deep  paces,  and  then  pro- 
ceeded by  a  deep  subterranean  drain  of  more  than  1 1  miles, 
delivering  the  main  body  of  its  water  in  the  Campus  Martins. 
2.  The  Old  and  New  Anio,  conduits  so  called  from  their  bring- 
ing into  Rome  the  waters  of  that  river.  The  former  began 
above  the  Tiber  at  the  30tb  milestone,  and  consisted  mostly  of 
a  winding  drain  carried  through  an  extent  of  about  13  miles. 
The  latter,  constructed  under  Nero,  took  a  higher  level,  run- 
ning 7543  paces  above  ground,  and  then  pursuing  a  subter- 
ranean passage  of  54,267  paces  in  length.  3.  The  Aqua  Mar- 
tia,  which  owed  its  formation  to  Quintus  Martins,  rose  from  a 
spring,  distant  33  miles  from  Rome,  made  a  circuit  of  three 
miles,  and  afterwards,  forming  a  vault  of  16  feet  diameter,  it 
ran  38  miles  along  a  series  of  arcades  at  the  elevation  of  70 
feet.  It  had  vents  perforated  at  certain  distances,  for  disgorg- 
ing the  collected  air  ;  and  the  conduit  was  occasionally  inter- 
rupted by  deep  cisterns,  in  which  the  water  settled  and  depo- 
sited its  sediment.  It  was  hence  remarkable  for  its  clear  green 
colour.  Lib.  XXX.  5.  The  Aqua  Julia  and  the  Aqua  Tepula 
were  brought  by  the  same  aqueduct,  only  in  two  lower  conduits. 
4.  The  Aqua  Virginia,  conducted  by  Agrippa,  the  patriotic 
lieutenant  of  Augustus,  who  laboured  to  improve  and  beautify 
Rome ;  and  w  ho,  according  to  Pliny,  formed  in  one  year 
70  poois,  105  fountains,  and  130  reservoirs.  It  commenced  at 
a  very  copious  spring,  in  the  midst  of  a  marsh,  at  the  distance 
of  eight  miles  from  the  city,  and  ran  about  12  miles,  passing 
through  a  tunnel  of  800  paces  in  length.  5.  The  Aqua  Claudia, 
begun  by  Nero,  and  completed  by  Claudius,  took  its  rise  38 
miles  from  Rome  ;  it  formed  a  subterranean  stream  36J  miles 
in  length,  ran  lOJ  miles  along  the  surface  of  the  ground,  was 
vaulted  for  the  space  of  three  miles,  and  supported  on  arcades 
through  the  extent  of  seven  miles,  being  carried  along  so  high 
a  level  as  to  supply  all  the  hills  of  Home.  It  was  built  of  hewn 
stone,  and  still  continues  to  furnish  the  modern  city  with  water 
of  the  best  quality,  which  has  hence  jirocured  it  the  name  of 
Acqua  Felice.  The  practice  of  tunnelling  was  begun  under 
Augustus,  who  greatly  extended  the  aqueducts.  Other 
emperors  likewise  directed  their  attenlion  to  that  important 
object.  Trajan  shewed  particular  solieiludc  in  improving  the 
aqncducts.  Those  works  were  executed  in  the  boldest  man- 
ner ;  nothing  could  resist  the  skill  and  enterprise  of  the 
Romans  ;  they  drained  whole  lakes,  drove  mines  through 
mountains,  and  raised  up  the  level  of  valleys  by  accuunilated 
arcades.  The  water  was  kept  cool  by  covering  it  with  vaults, 
which  were  often  so  spacious,  that,  according  to  Procopius, 
who  wrote  in  the  time  of  Belisarius,  a  man  on  horseback  could 
ride  through  them.  So  abundant  indeed  was  the  supply,  as  to 
induce  Slrabo  to  say,  that  whole  rivers  flowed  tlnough  the 
streets  of  Rome.  Contemplating  the  utility,  the  extent  and 
grandeur  of  those  aqueducts,  Pliny  justly  regarded  them  as  the 
wonder   of  the  world.    I'lin.  xxxvi.  15.      The    same   idea  i« 
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expressed  by  the  poet  Rutilius.  Rutilius  in  Itin.  According  to 
the  enumeration  of  Frontiniis,  the  nine  earlier  aqueducts  deli- 
vered every  day  14,018  quinaria.  Tliis  corresponds  to  27,743,100 
cubic  feet.  We  may  therefore  extend  the  supply,  when  all  the 
aqueducts  were  in  action,  to  the  enormous  quantity  of  50,000,000 
cubic  feet  of  water.  Reckoning  the  population  of  ancient 
Rome  at  a  million,  which  it  probably  never  exceeded,  this 
would  furnish  no  less  than  fifty  cubic  feet,  for  tlic  daily  con- 
sumption of  each  inhabitant.  In  modern  Rome,  three  aque- 
ducts, the  Acqua  Felice,  Juliana,  and  Paulina,  with  some 
additional  sources,  deliver  in  twenty-four  hours,  according  to 
the  calculation  of  Prony,  5,.305,000  cubic  feet.  This,  shared 
among  a  population  of  130,000,  gives  about  forty  cubic  feet  for 
each  individual,  being  nearly  the  same  comparative  supply  as 
in  the  period  of  Roman  splendour.  Such  profusion  of  water 
altogether  transcends  our  conceptions.  The  supply  of  London 
in  the  year  1790  was  only  2,626,560  cubic  feet  daily  ;  and  even 
now,  when  the  rivalship  of  the  several  water  companies^  has 
almost  deluged  the  streets,  it  amounts  only  to  3,888,000  cubic 
feet.  This  quantity  is  abundantly  sufficient  for  all  the  wants 
of  a  luxurious  mass  of  inhabitants,  equal  certainly  to  the  popu- 
lation of  ancient  Rome,  where  the  consumption,  however,  was 
still  fourteen  times  greater.  How  paltry  then  appears  the 
actual  supply  of  Paris,  amounting  only  to  293,600  cubic  feet  of 
water  in  a  day.  It  all'ords  scarcely  half  a  cubic  foot,  or  thirty 
pounds  avoirdupois,  to  each  inhabitant  in  a  population  of 
600,000.  The  Greeks  of  the  Lower  Empire  had  simplilied  the 
general  mode  of  conducting  water.  This  evidently  appears 
iVom  the  practice  which  now  prevails  in  supplying  the  city  of 
Constantinople.  The  ground  is  levelled  by  means  of  the  Terazi, 
a  sort  of  inverted  mason's  plummet,  which  hangs  from  the 
middle  of  a  cord  stretclied  between  two  rods  divided  into 
inches  and  parts,  set  upright,  and  removed  successively  from 
one  station  to  another.  But  the  chief  imiirovement  con- 
sists in  substituting,  for  the  columnaria  of  the  Romans,  the 
Souterazi  or  water-balance,  a  sort  of  hydraulic  obelisk  or 
pyramid.  By  this  ingenious  contrivance,  the  expense  of 
aqueducts  is  reduced  to  a  fifth  part.  The  water  runs  down 
with  a  gentle  slope  in  covered  drains,  till  it  reaches  an  obelisk 
constructed  of  n)asonry  ;  and  rising  up  the  one  side,  by  a  nar- 
row channel,  discharges  itself  into  a  basin  at  the  top,  from 
which  again,  at  a  level  eight  inches  lower,  it  descends  by  a 
similar  channel  on  the  other  side.  The  form  of  this  hydraulic 
pyramid  may  be  easily  represented  by  the  reader,  without  the  aid 
of  any  diagram  to  assist  his  conception.  Such  auxiliary 
machines,  which  facilitate  the  escape  of  the  air,  and  allow  the 
water  to  settle,  are  commonly  erected  at  intervals  of  about 
two  hundred  yards.  The  system  is,  in  fact,  only  a  repetition 
of  conduits.  From  each  separate  basin,  the  water  is  distributed 
by  orifices  of  dill'erent  diameters,  but  having  their  centres  all 
in  the  same  horizontal  line,  three  inches  beneath  the  brim. 
The  charge  of  the  waterworks  at  Constantinople  is  intrusted 
to  a  body  of  300  Turks  and  some  Albanese  Greeks,  who  form 
almost  an  hereditary  profession.  According  to  the  interesting 
work  of  General  Andrcossy  on  the  Bosphorus,  that  for  the  supply 
of  a  population  of  600,000  is  only  two-thirds  of  a  cubic  foot,  or 
about  forty  pounds  of  water  per  day.  There  still  remain  at 
Constantinople  two  ancient  cisterns ;  1.  The  Subterranean 
cistern,  built  of  hard  brick,  vaulted  and  resting  on  marble 
columns:  and  2.  The  cistern  of  one  hundred  and  one  columns, 
called  anciently  Philoxcne  ;  it  consists  of  three  rows  of  columns, 
one  above  another,  and  capable  of  holding  five  days' supply  for 
the  whole  inhabitants  of  this  spacious  city.— Leslie's  Natural 
Ph  ilosophy. 

AQUILA,  a  constellation  in  the  northern  hemisphere, 
usually  joined  with  Antincius.  According  to  some  ancient 
poets,  this  eagle  is  the  same  as  that  whose  form  Jiijiiter 
assumed  when  he  carried  to  mount  Ida  the  beautiful  Gany- 
mede, son  of  Tros,  king  of  Phrygia.  Aniiniius  «;>,<  a  youth  of 
Bithynia,  (now  Anatolia,  in  Asia  Minor,)  a  great  favourite  of 
the  emperor  Adrian,  who  erected  a  lempJe  to  his  memory;  and 
placed  him  among  the  constellations.  The  asterism  Antiniius 
is  generally  considered  an  integral  part  of  the  constellation 
Aquila.  Athair,  the  chief  star,  and  of  the  first  magnitude,  is 
situated  in  the  eagle's  neck ;  its  right  ascension  is  29.5°  29'  48"; 
and  its  declination  is  8°  23' 57".     It  appears  on  the  K.N.E. 
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three-fourths  east  point  of  the  horizon,  at  London,   and  riaes 
and  culminates  as  in  the  following  Table  :    Meridian  Altitude 

46°  52'  57". 

Month. 

Jnn. 

Feb. 
M,-.r. 
April 
Hiiy 
June 

AQUILEGIA,  columbine,  the  leaves,  flowers,  and  seeds  of 
which  were  formerly  in  great  repute  among  the  people  for 
throwing  out  the  small  pox  and  measles. 

ARA,  the  Altar,  an  asterism  south  of  the  Scorpion's  Tail, 
contains  nine  stars,  of  which  three  are  of  the  third  magnitude, 
four  of  the  fourth,  &c.  The  chief  star  culminates 
nearly  at  the  same  time  with  Ras  Algolhi  in  the 
head  of  Hercules.     .S'ce  Hercules. 

ARABIS,  bastard  tower  wall-cress. 

ARABLE  Lands,  those  which  are  fit  for  til- 
lage, or  have  been  tilled. 

ARACK,  or  Indian  Toddv,  the  juice  of  the 
cocoanut  tree  ;  or  a  distillation  of  rice  fermented 
with  toddy.  The  Tartars  have  a  species  of 
arack  distilled  from  mare's  milk. 

AREOMETER,  or  Wateupoise,  fig.  82,  an 
instrument  to  measure  the  density  or  gravity  of 
fluids,  is  usually  made  of  glass,  a  round  hollow 
ball  terminating  in  a  long  slender  neck,  herme- 
tically sealed  at  top,  there  being  first  as  much 
running  mercury  put  into  it  as  will  keep  it  saim- 
ming  in  an  erect  position.  The  stem  is  divided 
into  degrees,  and  by  the  depth  of  its  descent 
into  any  liquor,  the  lightness  of  that  liquor  is 
ascertained,  for  that  fluid  in  which  it  sinks  least 
must  be  heaviest:  and  that  in  which  it  sinks 
lowest,  lightest.     iS'ee  Hy urometer  

ARBOR,  in  Mechanics,  a  spindle,  or  axis,  whereon  a  n;, 
turns  ;  as,  the  arbor  of  a  ciane,  a  mill,  &c. 

Arbor  DiaN;E,  or  Tree  of  Diana.  Half  an  ounce  of  fine 
silver,  and  two  drachms  of  mercury,  dissolved  separately  in  a 
quantity  of  aquafortis,  are  then  mixed  together,  and  poured 
into  a  pint  of  common  water,  and  stirred  about,  that  the  whole 
may  be  well  mixed.  Tins  preparation  is  kept  in  a  bottle  well 
corked.  In  a  glass  globe,  or  other  vessel,  put  the  amalgam  of 
silver  with  mercury,  the  quantity  of  a  small  nut;  pour  three  or 
four  ounces  of  the  above  liquor  over  it,  and,  some  hours  after 
there  will  arise  from  the  globular  amalgam  small  branches' 
which,  by  increasing,  will  form  a  beautiful  silver  shrub. 

Arbor  Martis,  or  t/ie  Tree  of  Mars.  Dissolve  iron  filings 
in  aquafortis  moderately  concentrated,  till  the  acid  is  satu- 
rated :  then  add  to  it  gradually  a  solution  of  fixed  alkali,  (oil 
of  tartar  per  deliquium.)  A  strong  effervescence  will  ensue, 
and  the  iron,  instead  of  faljng  to  the  bottom  of  the  vessel,  will 
afterwards  rise,  and  cover  the  sides,  forming  a  multitude  of 
ramifications  heaped  one  upo.-i  the  other,  which  will  pass  over 
the  edge  of  the  vessel,  and  extend  themselves  on  the  outside 
with  all  the  appearance  of  a  plant.— ,S'i7it>i-  Tree  on  Class.  Put 
a  few  drops  of  the  solution  of  silver  in  aquafortis  on  a  piece  of 
glass,  form  a  bit  of  copper  or  brass  wire  to  represent  a  tree 
with  its  branches,  but  flat,  so  as  to  lie  upon  the  glass  ;  lay  it  in 
the  lii|iiid,  and  let  it  remain  for  an  hour  or  two.  A  be:uitiful 
vegetation  will  be  perceived  all  round  the  wire,  which  will 
nearly  be  covered  by  it.  This  may  be  preserved  by  washing  it 
very  carefully  with  water,  and  putting  another  glass  over  it.— 
Lead  Tree.  Dissolve  an  ounce  of  sugar  of  lead  in  a  quart  of 
clear  water,  put  it  into  a  glass  decanter  or  globe,  then  suspend 
in  the  solution,  near  the  top,  a  small  piece  of  Kinc  of  an  irre- 
gular shape.  Let  it  stand  undisturbed  for  a  day,  and  it  will 
begin  to  shoot  out  into  leaves,  and  apparently  to  vegetate.  If 
left  undisturbed  for  a  few  (lavs,  it  becomes  extremely  beauti- 
ful :  but  it  must  be  moved  with  great  caution.  It  may  appe;ir 
to  those  unacquainted  with  chcniistii ,  that  the  piece  of  zinc 
actually  puts  out  leaves  ;  but  this  is  a  mistake;  for  if  the  zinc 
bo  examined,  it  will  be  found  ne;irly  unaltered.     This  pheiio- 
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menon  is  owing  to  the  zinc  having;  a  greater' attraction  lor 
oxygen  than  the  lead  has,  consequently,  it  takes  it  from  the 
oxyde  of  lead,  which  re-appears  in  its  metallic  state. 

ARBUTUS,  or  Beakberry.  Its  leaves  are  employed  either 
as  a  powder  or  decoction,  in  gravelly  complaints.  Boiled  in  an 
acid,  these  leaves  will  dye  brown. 

ARCADE,  an  opening  in  the  wall  of  a  building  f^irmed  by 
an  arch  :  thus,  in  London,  there  is  the  Burlington  arcade  ;  the 
Royal  arcade,  a  dismal  passage  behind  the  Opera  House. 

ARCH,  a  portion  of  the  circumference  of  a  circle,  or  curved 
line;  yet  arches  are  sometimes  straight  lines,  as  the  beautiful 
arches  of  the  portico  of  St.  Andrew's  Church,  Glasgow,  than 
which  there  is  not  a  finer  piece  of  architecture  iu  the  kingdom. 
Triumphal  Akches  are  magnificent  entries  into  cities  ;  as  the 
arch  of  Titus  (see  the  Plate.)  and  that  of  Constantine,  at  Rome; 
the  gate  of  St.  Dennis,  Paris,  &c. 

In  fig.  84,  AS'ESB  is  the  ponderating  arch?  A  or  B  the 
spring  of  the  arch;  D  its  crown;  AB  its  span;  CD  its 
height,  or  versed  sine,  or  rise;  ADB  the  intrados,  or  the 
lower  surface  of  the  arch,  (often  called  the  arch) ;  S'  E  S  the 
e,\trados,  being  in  bridges  the  superior  surface,  or  the  road- 
way ;  F'  F  the  Hanks  or  lances;  the  spaces  above  these  are  called 
the  spandrcUs;  the  portions  of  stone  resembling  wedges,  which  lie 
in  a  course  con-  _  ^,   .  .        ..        ,     , 

tiguoHs  to  the  Defimtion  oj  an  Arch. 

intrados,  are 
called  vous- 
soirs,  or  arch 
stones ;  at  D 
the  key-stone: 
the  walls  or 
masses  PQTS, 
P'Q'T'.S',  built 
to  suprort  the 
arches,  and 
from  which 
they  spring  as 
their  bases, are 
either     called 

piers  or  abutments :  piers,  when  they  stand  between  two  neigh- 
bouring arches ;  and  abutments,  when  they  support  the  arches 
which  are  contiguous  to  the  shore  :  the  part  of  the  pier  from 
which  the  arch  springs  is  called  the  iuipost ;  the  curve  formed 
by  the  upper  sides  oi^  the  voussoirs,  the  archivolt ;  and  the  lines 
F'  S',  F  S,  about  the  flanks,  in  which  a  break  is  most  likely  to 
take  place,  the  joints  of  the  fracture. 

ARCHERS,  the  royal  company  of,  in  Scotland,  are  his 
majesty's  body  guards  within  seven  miles  of  Edinburgh  ;  and 
upon  the  visit  of  his  majesty  George  IV.  to  this  part  of  l.is 
dominions,  the  royal  company  of  archers,  1000  strong,  dressed  iu 
their  tartan  white  and  green,  with  their  standards,  &c.  were 
acknowledged  and  received  as  the  body  guard  of  the  sovereign, 
1822.     They  claim  this  privilege  by  a  statute  of  James  I.  1603. 

ARCHES'  COURT,  an  ecclesiastical  court  of  appeal, 
belonging  to  the  archbisbop  of  each  province. 

ARCHIL,  purple  rock  lichen,  grows  upon  rocks  in  Eng- 
land and  Wales,  and  when  properly  prepared,  imparts  to 
woollen  cloth  a  reddish  brown  ;  or  dull,  but  durable  crimson. 
It  is  sometimes  used  as  a  styptic. 

ARCHIMEDES,  of  Syracuse,  one  of  the  greatest  and  most 
celebrated  of  the  ancient  mathematicians,  was  born  iu  the 
above  city  about  2t0  years  before  Christ.  The  great  and  com- 
prehensive genius  of  this  author  led  him  to  the  study  of  every 
branch  of  science ;  arithmetic,  geometry,  mechanics,  optics, 
hydrodynamics,  were  alike  the  objects  of  his  investigations, 
and  experienced  alike  the  powerful  effects  of  his  superior 
talents.  To  Archimedes  we  owe  the  first  idea  of  the  specific 
gravity  of  bodies,  which  arose  out  of  the  following  circum- 
stance. Hiero,  king  of  Syracuse,  having  had  reason  to  suspect 
that  a  goldsmith,  who  was  employed  to  make  him  a  crown  of 
gold,  had  adulterated  the  metal  by  mixing  with  it  a  quantity  of 
silver,  requested  Archimedes  to  endeavour  to  discover  the 
cheat;  which  he  did,  by  procuring  tv.o  masses  of  gold  and 
silver  of  equal  weight  with  the  crown,  which  he  immersed  in  a 
vessel  full  of  water,  and  carefully  noticed  the  quantity  of  water 
which  each  displaced  ;  after  which,  ho  observed  how  much  the 


^-y 


^S~:i^AU£i^ 


crown  caused  the  same  water  to  flow  over;  and  on  comparing 
this  quantity  with  each  of  the  former,  he  was  able  to  ascertain 
the  proportions  of  gold  and  silver  in  the  crown.  He  is  the 
reviver  at  least  of  the  Egy|)tian  mechanics. 

Archimedes'   Screw,    fig.  85,    or    the    water   snail,   is   a 
machine  for  raising  water,  consisting  of  a  fle.\ible  tube  rolled 

in  a  spiral  form 
round  ac\  linder, 
as  in  the  figure. 
The  water enteis 
at  C,  and  de- 
scends at  first  ill 
the  spiral  canal 
by  its  specilii; 
gravity,  but  the 
cylinder  being 
turned,  the  wa- 
ter n!Oves  to  K, 
into  the  caual.  to 
occupy  the  low- 
est place  ;  and 
thus  by  tlie  con- 
tinual rotation, 
it  passes  up  to 
P  H,0,  G,  F,  &c. 

to  D,  where  it  is 
to  be  discharged.  The  machine  is  turned  by  the  winch  K  ; 
the  prop  IR  supports  it,  and  the  extreme  axis  is  fixed  in  a 
socket  t* 

ARCHITECTURE,  the  art  of  Building,  has  from  the  earliest 
periods  of  society  been  cultivated  by  mankind  ;  and  the  origin 
of  all  buildings  may  be  deduced  from  the  construction  of  the 
meanest  huts.  These  were,  at  first,  made,  as  fig.  86,  in  a  coni- 
cal figure,  which  is  the  simplest  in  structure,  but  being  incon- 
venient on  accouut  of  its  inclined 
sides,  both  the  figure  and  construction 
of  the  huts  were  changed,  by  giving 
them  the  form  of  a  cube.  Mankind  at 
length  improved  iu  the  art  of  building, 
and  invented  methods  of  rendering 
their  habitations  durable  and  conve^ 
nient.  The  trunks  of  trees,  depri\ed 
of  their  bark  and  other  inequalities  of 
surface,  were  raised  above  the  humid 
soil  by  means  of  stones,  and  covered 
each  with  a  Hat  stone  or  slate,  as 
fig.  87,  to  exclude  the  rain  ;  and  the  insterstices  between  the 
ends  of  the  joints  were  closed  with  wax  or  clay.  The  roof 
■  — ~ -""--  — -^^ -  - ^ <"-<- ^.^ ;.::;SS5-^  was  altered,  and 

elevated  iu  the 
centre  by  raft- 
ers, to  support 
the  materials  of 
thecovering.and 
to  carry  olf  the 
water.  When 
the  rude  builder 
erected  more 
stately  edifices,  he  imitated  those  parts  which,  from  necessity, 
had  composed  the  primitive  huts      The   upright   trees,   with 

stones  at  each 
end,  became  the 
origin  of  co- 
lumns,baseR,and 
capitals ;  and  the 
beams  joists.and 
rafters,  as  fig.88, 
which  f^ormcdthe 
covering,  gave 
rise  to  archi- 
traves, friezes, 
and  cornices.  The  Greeks,  whose  genias  prompted  them  to 
combine  elegance  and  convenience,  derived  their  ideas  of  build- 
ing from  the  Egyptians.  But  the  mind  of  man  is  influenced  by 
the  government  under  wliic!)  he  lives;  (he  Greeks,  with  their 
independence,  lost  the  ascendency  in  works  of  genius,  and 
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from  that  period  the  Romans  encourafced  this  noble  art.  Vitrii- 
vius,  the  learned  Roman  architect,  had  Julius  Cicsar  and 
Augustus  for  his  patrons,  and  though  emplojed  in  few  works 
of  magnificence,  his  rules  for  architecture  were  higldy  esteemed 
by  tlie  ancients,  and  are  still  a  standard  among  the  moderns. 
The  Romans  carried  to  the  highest  perfection  the  five 
orders  of  architecture  :  the  Tuscan,  the  Doric,  the  Ionic,  the 
Corinthian,  and  the  Composite;  and  though  the  moderns  have 
materially  improved  the  general  structure  of  buildings,  nothing 
has  been  added  to  the  beauty  and  symmetry  of  these  columns. 
To  give  an  idea  of  the  Orders,  it  must  be  observed,  that  the 
whole  of  each  is  divided  into  two  parts  at  least  ;  the  column 
and  entablature  :  and  of  four  parts  at  most,  when  there  is  a 
pedestal  under  the  column,  and  an  acroter  at,  or  little  pedestal, 
surrounded  by,  the  entablature:  that  the  column  has  three 
parts,  the  base,  the  shaft,  and  the  capital ;  the  entablature  lias 
three  likewise,  the  architraves,  the  frieze,  and  the  cornice. 

Orders uf  Architecture.     (.See  Plates  I.  II.  III.) — The  Tuscan 
Order  lias  itsname  and  origin  in  Tuscany,  first  inhabited  by  a  co- 
lony from  Lydia,  whence  it  is  likely  the  order  is  but  the  simplified 
Doric.  On  account  of  its  strong  and  massive  proportions,  it  is  cal- 
led the  Rustic  order,  and  is  chiefly  used  in  edifices  of  that  charac- 
ter composed  of  a  few  parts,  devoid  of  ornament,  and  capable  of 
supportingthe  heaviest  weights.     TheTuscan  order  will  always 
live  where  strength  and  solidity  are  ref|uircd.     The  Etruscan 
architecture  is  nearly  allied  to  the  Grecian,  but  possesses  an 
inferior  degree  of  elegance.      The  Trajan    column    at  Rome, 
of  this  order,  is  less  remarkable  for  the  beauty  of  its  propor- 
tions, than  for  the  admirable  pillar  with  which  it  is  decorated. 
Its  column  is  seven  diameters  high  ;  and  its  capiial,  base,  and 
entablature,  have  but  few  mouldings  or  ornaments.   All  its  parts 
arc  defined  in  the  Plate,  fig.  89 ;  and   fig.  90  represents   the 
order  complete. — The  Doric  Order,  so  called  from  Dorus,  who 
built  a  magnificent  temple  in  the  city  of  Argos,  and  dedicated 
it   to  Juno,   is  grave,   robu>'>,  and  of  masculine   appearance, 
whence  it  is  figuratively  termed  the  Herculean   order.     The 
Doric  possesses  nearly  the  same  character  for  strength  as  the 
Tuscan,  but  it  is  enlivened  with  ornaments  in  the  frieze  and 
capital.     In  various  ancient  remains  of  this  order,  the  propor- 
tions of  the  columns  arc  different.     Ion,  who  built  a  temple  to 
Apollo  in  Asia,  taking  his  idea  from  the  structure  of  man,  gave 
six  times  the  diameter  of  the  base  for  the  height  of  the  column. 
Of  this  order  is  the  temple  of  Tliesus  at  Athens,  built  ten  years 
after  the  battle  of  Marathon,  and  at  this  day  almost  entire. 
This  order  has  no  ornament  on  its  base,  or  in  its  capital  ;  its 
height  is  eight  diameters;  its  frieze  is  divided  into  triglyplis 
and  metopes.     See  the  Plate,  fig.  91,  where  all  the  parts  of  the 
order  arc  accurately  defined  ;  also  fig   92,  which  gives  it  com- 
plete.— The  Ionic  Order  derived  its  origin  from  the  people  of 
Ionia.     The  column  is  more  slender  than  the  Doric,  but  more 
graceful.    Its  ornaments  are  elegant,  and  in  a  style  between  the 
richness  of  the  Corinthian  and  the  plainness  of  the  Tuscan  ; 
simple,  graceful,  and  majestic;  whence  it  has  been   compared 
to  a  female  rather  decently  than  richly  decorated.     When  Hcr- 
mogenes  built  the  temple  of  Bacchus,  at  Teos,  lie  rejected  the 
Doric  after  the  marbles  had  been  prepared,  and  in  its  stead 
adopted    the    Ionic.      The  temples  of  Diana  at   Kphesus,   of 
Apollo  at  Miletus,  and  of  the  Delphic  oracle,  were  of  this  order. 
Michael  Angelo,  contrary  to  all  other  authors,   gives  the  Ionic 
a  single  row  of  leaves  at  the  bottom  of  the  capital.     See  the 
Plate,  fig.  93,  for  all  the  parts  of  the  order,  and  fig.  94,  for  the 
finislied  Ionic.— The  Corinthian,  the  finest  of  all  the  ordeis,  and 
as  first  used  at  Corinth,  is  expressive  of  delicacy,  tenderness, 
and  beauty.     The  capital,  so  rich  and  graceful,  was  suggested 
to  Callimachus  by  an  acanthus  entwining  its  leaves  around  a 
votive  ba.skct  that  adorned  the  grave  of  an  illustrious  young 
lady.     This  order  marks  an  age  of  luxury  ;   and  the  introduc- 
tion of  groups  of  figures  into  the  frieze  of  the  entablature,  shews 
that  |)c)inp  and   siilcndoiir  had  become  predominant  passions, 
but  had  not  \(^t  extinguished  a  taste  for  the  sublime  and  beau- 
tiful.    The  (luiible  rows  of  leaves,  and  eight  volutes  sustaining 
tlie   abacus,    and  niodllllons  in  its  cornice,  arc  all  very  fine"! 
The  column  is  10  diamelers  high.     See  Plate,  fig.  95,  for  all  the 
parts;  fig.  9(i,  for  the  enlire  Corinthian  order. -^Thc  Composite 
Order,  invented,  it  is  said,  by  the   Romans,  partakes  of  the 
louic  and  Corinthian  orders,  but  principally  of  the  latter.     Its 


column  is  10  diameters  high,  and  its  cornice  has  denticles  or 
simple  raodillions.  The  Plate  exhibits  all  the  parts  in  fig.  97  ; 
and  in  fig.  98,  the  order  complete. 

Saracenic,  or  Gothic  architecture,  bad  naraeroas  and  promi- 
nent buttresses,  lofty  spires  and  pinnacles,  large  and  ramified 
windows,  ornamental  niches  and  canopies,  with  sculptured 
saints  and  angels,  delicate  lace-work,  fretted  roofs,  and  an 
indiscriminate  profusion  of  ornaments.  The  fretwork  is  so 
called  from  the  Saxoii  word  y'/ff^/an,  signifying  fishes'  teeth. 
Rut  its  most  distinguishing  characters  are  small  clustered  pil- 
lars and  pointed 
arches, formed  by 
the  segments  of 
two  intersecting 
circles. Thisstyle 

was   of  Arabian  ,^- 

origin,  introduc-  j&y%\. 

edintoEuropeby        ^^^  jy^  ^'^    v 
the  Crusaders  ;or       yH^A^//    ^    ''%\ 
those  who  made 
pilgrimages  into 
the    Holy   Land. 
In   the   reign   of 
Henry  III.  many 
of  the  old  build 
ings  were  puliei! 
down      to     give 
place  to  new  ones 
on     this     model. 
The  cathedral  of 
Salisbury       wa.'J  Vfestminster  Hall. 

begun  early  in  this  reign,  and  finished  in  1258.  It  is  one  of  th« 
finest  productions  of  ancient  architecture  in  this  island,  and  is 
completely  and  truly  Gothic.  This  term,  however,  is  used  by 
the  ignorant,  to  designate  the  barbarous  compounds  we  some- 
times see  set  up  in  imitation  of  the  ttue  Gothic. 

The  Saxon  architecture,  of  which  we  have  some  remains,  was 
the  Roman  architecture  in  a  decayed  stale.  The  style  of 
building  practised  throughout  Europe  was  of  this  kind,  and  sn 
continued  to  be  used  by  the  Normans,  with  same  trining  altera- 
tions, till  the  introduction  of  the  Saracenic  architecture  about 
the  reign  of  Henry  II.  The  characteristics  arc,  the  semicircu- 
lar arch,  and  short,  thick,  massive  columns.  It  has  no  pinna- 
cles or  pointed  ornaments,  no  delineations  of  arms,  nor  statues, 
except  in  relief.  The  best  specimen  of  this  style  is  the  north 
transept  of  Winchester  cathedral.  The  Norman  architecture 
{lifters  from  the  Saxon  chielly  in  its  increased  proportion,  and 
in  the  magnitude  and  massiveiiess  of  its  buildings,  arches 
highly  ornamented  with  figures  of  angels,  fruit,  animals,  &e.— 
subjects  serious  and  ludicrous  promiscuously  blended  together; 
walls  without  buttrr:3es  arches  supported  by  solid,  cluiii'.v 
pillars,  with  a  regular  base  ana  capital  ;  the  capitals  adnriieil 
with  carvings  of  foliage  and  animals;  the  columns  with  small 
half  columns  joined  to  them,  the  surfaces  ornamented  with 
spirals,  squares,  network,  and  figures  in  relioo.  These  may 
he   seen  in  the  monastery  of  Liudisiaru  in   Holy  Island,  the 

Fig.  too. 
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cai'neJial  at  Durliam,  tlie  mined  choir  at  Orford  in  Sull'ollc,  and 
in  t)ie  <Typt  or  under-crort  of  Canterbury  cathedral. 

The  Florid  Gothic,  fig.  lOi,  was  admirably  adapted  for 
decorative  sculptured  monuments,  screens,  altar-pieces,  elabo- 
rate canopies,  ornamental  pinnacles,  octagonal  niches  and 
stalls,  with  the  crocket  ornament  stealing  up  the  angle,  the 
pyramidal  point,  crowned  with  a  large  flower  or  a  pineapple. 

Common  Gothic  A  rch. 


Metlwd of  Dcsoihing  a 
Gvl/iic  Arr/i. 


Gothic  Arcli,  from, 
Four  Centers. 
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The  arch,  as  it  was  described  from  two  points,  fig.  102,  or  from 
four  points,  figs.  102  and  103,  possessed  much  grace  for  pen- 
dant decorations  of  fruits,  flowers,  and  emblazonry.  Moreover, 
sculptures  of  small  imageries  in  the  fretted  roofs,  characterized 
this  style.  The  13th  century  was  the  grand 
era  of  Gothic  luxury,  when,  and  in  the  suc- 
ceeding century,  were  erected  the  nave  and 
west  front  of  York  cathedral,  Litchfield  cathe- 
dral, St.  Stephen's  chapel,  Westminster,  (now 
the  House  of  Commons,)  Merton  and  New 
College,  Oxford.  Painted  and  stained  glass 
now  added  much  to  the  magnificence  of  the 
Gothic  windows  in  those  sublime  strnctures. 
At  the  western  painted  window  in  the  church 
of  Batalha,  in  Portugal,  the  fathers  usually 
assemble  in  the  choir  to  chant  the  evening 
service,  whilst  the  myriads  of  variegated  rays 
which  emanate  from  this  beautiful  window,  resemble  so  many 
beams  of  glory  playing  around  them.  But  the  use  of  glass  is 
of  early  origin  in  churches,  for  the  monastery  of  Wearmouth 
was  glazed  in  617  ;  and  the  windows  of  York  and  Canterbury 
cathedrals,  so  celebrated  for  their  magnificence,  are  of  early 
date.  During  the  13(h  and  14th  centuries,  most  of  the  exteriors 
of  our  Saxon  and  Norman  churches,  as  fig.  105,  were  trans- 
formed into  the  Gothic,  which  completed  the  victory  of  this  over 


S'axnn  Architecture. — Fig.  105.' 


every  other  style  in  the  kingdom.  From  the  end  of  the  14th 
century,  no  remarkable  variation  can  be  discovered.  Gothic 
architecture,  at  this  period,  had  been  at  its  height  for  nearly 
two  centuries.  When  Henry  VIIT.  began  the  Reformation,  and 
the  dissolution  of  monasteries  took  place,  the  two  uiiiversiiies 
were  at  first  included  in  the  general  ruin  ;  these  edifices, 
however,  sacred  to  science  as  well  as  to  religion,  «ere  saved 


from  that  dilapidation  which  many  of  the  monasteries  and 
cathedrals  experienced.  The  desolating  hands  of  those  reform- 
ers who  succeeded  Henry  VIII.  destroyed  many  of  the  most 
beautiful  specimens  of  this  style  of  architecture,  and  despoiled 
them  of  their  most  beautiful  ornaments.  Castellated  Gothic 
was  generally  used  in  that  age,  when  the  feudal  system  ren- 
dered it  necessary  that  noblemen  should  possess  fortified 
castles.  This  style  resembles  the  original  Saxou  and  Norman 
architecture. 

Modern  Architecture. — Gothic  architecture  began  to  decline 
from  the  time  of  Henry  VIII.  A  style,  in  which  the  Grecian 
and  Gothic  were  mixed  together,  then  prevailed  ;  but  in  the 
16th  and  17th  centuries  the  chaste  architecture  of  the  Greeks 
and  Romans  was  revived.  The  first  impro\emeuts  look  place 
in  Italy,  whence  they  passed  into  other  parts  of  Europe;  and 
though  the  Italians  were  long  accounted  the  first  architects, 
England  produced  Inigo  Jones  and  Sir  Christopher  Wren,  who 
hold  the  most  exalted  station.  The  banqucting-house  at 
Whitehall,  queen  Catherine's  chapel  at  St.  Janirs';  the  piazza 
of  Covent  Garden,  and  many  other  public  buildings,  are  monu- 
ments of  the  taste  and  skill  of  Inigo  Jones,  The  churches, 
royal  courts,  stately  halls,  magazines,  palaces,  and  public 
structures,  designed  by  Sir  Christopher  Wren,  are  proud  tro- 
phies of  British  talent.  If  the  whole  art  of  building  were  lost, 
it  might  be  again  recovered  in  the  cathedral  of  St.  Paul,  an<l 
in  that  grand  historical  pillar,  called  the  Monument.  To  these, 
we  superadd  Greenwich  Hospital,  Chelsea  Hospital,  the  Theatre 
at  Oxford,  Trinity  College  Library,  and  Emanuel  College, 
Cambridge  ;  the  churches  of  St.  Stephen  in  Wallbrook,  St. 
Mary-le-bow,  and  Jifli/-two  others  in  London,  serve  to  immorta- 
lize his  memory.  While  we  contemplate  these,  and  many  other 
public  edifices  erected  and  repaired  under  his  direction,  we  are 
at  a  loss  which  most  to  admire  —  the  fertile  ingenuity,  or  the 
persevering  industry,  of  the  artist.  The  architectural  history 
of  the  18th  century  difi'ers  from  that  of  preceding  ages  in  two 
essential  circumstances.  The  public  buildings  erected  during 
this  period  are,  in  general,  not  so  grand  and  massive  as  those 
of  some  former  periods.  But  while  they  fall  short  of  splendour 
and  magnificence,  they  are  superior  to  most  ancient  structures 
in  simplicity,  convenience,  neatness,  and  elegance.  Private 
dwellings  have  been  made  more  spacious,  convenient,  and 
agreeable  to  a  correct  taste,  than  in  any  preceding  period. 
Tlie  liberal  use  of  glass,  in  modern  buildings,  contributes 
greatly  to  their  beauty  and  comfort,  and  is  a  point  in  which  the 
ancients  were  totally  deficient.  In  descending  to  the  various 
minute  details  of  human  dwellings,  especially  those  which  have 
reference  to  elegance  and  enjoyment,  it  is  obvious  the  artists 
of  the  IStli  century  exceeded  all  others.  During  the  reign  of 
his  present  gracious  Majesty,  the  artificer  and  architect  have 
had  the  fullest  scope  for  the  exercise  of  their  respective  talents, 
whethci  we  consider  the  vast  number  of  new  churches  and 
chapels  that  have  been  erected,  and  that   are  still  building;  or 
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Town  of  Edinburgfli,  and  in  Glasfjow,  v/here  the  whole  of  the 
very  magnificent  and  classical  edifices  that  have  been  reared, 
are  constructed  of  durable  free-stone,  and  decorated  in  a  style 
that  does  equal  honour  to  the  genius  of  the  people,  and  the 
spirit  of  the  ao;e.  It  would  be  impossible  in  this  work  to  enu- 
merate and  describe  the  new  churches  which  have  been  built 
since  the  year  1818.  We  may,  however,  give  as  a  specimen 
Stepvpij  New  Church,  fig.  106,  which  will  hold  1500  persons, 
two-thirds  being  in  free  sittings. 

Architectural  Ornaments. — Balusters  are  pillars  of  wood, 
stone,  and  used  to  ornament  the  tops  of  buildings,  and  to  sup- 
port railing;  when  continued,  they  forma  balustrade:  Cary- 
atides, figures  of  women  dressed  in  long  robes  after  the  Asiatic 
manner,  to  support  entablatures  in  buildings.  Other  female 
figures  have  been  used  for  a  similar  purpose,  but  the  original 
name  is  still  retained.  A  war  had  been  carried  on  by  the 
Athenians  against  the  Carians  ;  the  latter  were  totally  van- 
quished, their  wives  w  ere  made  captives,  and  to  commemorate 
this  event,  trophies  were  made  by  the  Athenians,  in  which 
figures  of  women,  habited  in  the  Cryatic  manner,  were  used  for 
the  purpose  just  explained,  and  this  is  in  fact  the  origin  of  this 
part  of  architecture.  Persians,  so  called  from  a  victory  gained 
over  the  Persians  by  Pausanias,  who  having  brought  home 
prisoners,  spoils,  and  trophies  to  the  Athenians,  they  chose 
Persian  male  figures  to  support  the  entablatures  which  have 
been  changed  in  the  same  manner  as  the  Caryatides.  Persians 
may  be  of  another  size;  the  larger,  the  greater  the  en"ect  which 
they  impress  on  the  spectator's  mind.  In  arsenals,  galleries 
of  armour,  &c.  they  are  advantageously  used.  Pilasters  have 
their  bases,  capitals,  and  entablatures,  the  same  as  those  of 
columns  but  are  square,  not  round  as  columns  are.  A  Portico 
is  a  range  of  columns  covered  at  the  top  ;  that  of  Palmyra  was 
4000  feet  long.  Termini,  figures  anciently  used  to  mark  the 
limits  of  possessions,  are  still  used  in  the  human  shape  as 
ornaments  for  temples  and  garden  edifices.  There  are  many 
other  architectural  terms,  which  will  be  found  described  under 
their  respective  names.     See  the  annexed  Plate. 

In  ihe  practice  of  Architecture,  every  gentleman  is  guided  by 
circumstances  ;  but  the  choice  of  situation  seems  to  be  dictated, 
in  most  cases,  by  the  nature  of  things.  A  farmer  ought  to 
dwell  in  the  centre  of  his  farm;  a  man  of  fortune  builds  for 
health,  neighbourhood,  prospect,  situation,  &c.  As  regards 
the  construction  of  edifices,  the  distribution  of  apartments,  &c. 
the  rules  and  plans  that  might  be  given  would  fill  many  volumes; 
and  Aquatic  Buildings,  Bridges,  Harbours,  Roofs,  Arches,  &c. 
are  all  described  and  illustrated  under  their  respective  titles, 
in  the  work. 

ARCHITRWE,  that  part  of  a  column  which  lies  imme- 
diately upon  the  capital,  being  the  lowest  member  of  the  entabla- 
ture ;  and  the 

ARCHIVAULT,  is  the  interior  contour  of  an  arch  or  band, 
adorned  with  mouldings,  running  over  the  faces  of  the  arch 
stones,  and  bearing  upon  the  imposts. 

ARCHIVE,  a  chamber  in  which  records  are  kept,  as  the 
Rolls'  Olfice,  in  which  the  archives  of  the  Court  of  Chancery 
are  kept. 

ARCHYTAS,  a  Pythagorean  philosopher,  and  distinguished 
mathematician,  of  Tarentum,  who  nourished  about  400  years 
before  Christ,  and  to  whom  Aristotle  is  said  to  have  been 
indebted  for  his  ethical  principles  and  maxims.  To  the  inge- 
nuity of  Archytas,  as  a  mathematician,  we  owe  the  method  of 
finding  two  mean  proportionals,  mechanically,  between  two 
given  lines,  with  a  view  to  the  duplication  of  the  cube  ;  and  we 
deiive  from  his  skill  in  mechanics,  the  invention  of  the  screw, 
crane,  and  various  hydraulic  machines;  flying  pigeon,  or  winged 
automaton.  The  astronomical  and  geographical  knowledge  of 
Archytas  is  celebrated  by  Horace  in  a  beautiful  ode,  recording 
also  his  death,  which  w as  occasioned  by  a  shipw reck  ; — 
"  Archytas,  what  avails  thy  nice  survey 

Of  ocean's  countless  sands,  of  earth  and  sea? 
In  vain  thy  mighty  spirit  once  could  soar 
To  orbs  celestial,  and  their  course  explore  ; 
If  here,  upon  the  tempest-beaten  strand, 
You  lie  confin  d,  till  some  more  lib'ral  hand 
Shall  strew  the  pious  dust  in  funeral  rile. 
And  wing  thee  to  the  boundless  realms  of  light." 


ARCTIC,  the  North  Pole,  because  the  last  star  in  the  tail  of 
the  Little  Bear  is  near  the  pole  of  the  world. 

Arctic  Circle,  a  lesser  circle  of  the  sphere  23^°  from  the 
north  pole. 

ARCTIUM,  burdock. 

ARCTURUS,astarofthe  first  magnitude  in  the  constellation 
Arctophylax,  or  Boijtes  ;  see  Job  ix.  9.  xxxviii.  32.  This  star 
is  supposed  to  be  nearer  our  earth  than  any  other  in  the 
northern  hemisphere. 

AREA,  any  plane  surface  on  which  we  walk,  &c.  or  the  site 
,n        ^        m       in  °i    which    any    building   stands,    or 
the  superficial  contents  of  any  figure. 
Thus,  if  a  field  be   40  feet  on  each 
side,  the  contents  will  be  40  x  40  =: 
leOO  ;    or     it     contains     1600    little 
squares,  each  one  foot,  one  inch,  &c. 
every  way.    In  fig.  107,  each  little  n 
contains   10   fret,     therefore    the    16 
squares  contain  1600  feet. 
ARECA,  faufel  nut. 
AREOLA,  the  colour  surrounding 
the  nipple  of  the  breast. 
AREOPAGUS,    rock   of  Mars,    a    sovereign   tribunal    at 
Athens,  famous  for  its  justice  and  impartiality. 

ARETHUSA,  a  marsh  plant,  that  requires  to  be  kept  moist 
in  two-thirds  peat  and  one-third  loam. 
ARGOPHYLLUM,  white  leaf. 

ARGO  NAVIS,  the  ship  Argo,  a  southern  constellatioa, 
and  type  of  the  vessel  in  which  Jason  sailed  from  Thessaly  to 
Colchis,  on  the  eastcoast  of  the  Blacksea,  to  recover  the  golden 
fieece.  More  properly,  this  ship  is  a  type  of  the  ark  of  Noah. 
The  constellation  Argo  Navis  is  bounded  on  the  north  by  Mono- 
ceros  and  Pyxis  Nautiea,  anciently  of  course  by  the  Water 
Snake  and  the  Little  Dog;  east  by  Robur  Caroli,  anciently  by 
the  Centaur;  south  by  Piscis  Volans  and  Equuicus  Pictorius ; 
and  west  by  Canis  Major  and  Columba  Noachi.  There  are 
sixty-four  stars  in  Argo,  reckoning  by  the  Britannic  Catalogue, 
viz.  one  of  the  1st  magnitude,  six  of  the  second,  nine  of  the  3d, 
nine  of  the  fourth.  &c.  The  brilliant  Cauopus,  situnted  near 
the  keel,  has  .52°  36'  south  declination,  and  its  right  ascension 
in  lime  is  6  ho.  20'  1",  or  y.i°  15',  and  though  invisible  in  our 
northern  latitude,  it  culminates  as  follows  : — 
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Month. 

CCLM. 

ho.  mi. 

ho.  mi. 

ho.  .ni. 

Jan. 

11   31   K. 

May 

3  47   A. 

Sept. 

7  36  yi 

Feb. 

9  24  ^. 

June 

1  44   A. 

Oct. 

5  27   M 

March 

7  31   A. 

July 

1 1  3G  M. 

Nov. 

3  22  M 

A})ril 

5  37   A. 

Aug. 

9  32  M. 

Dec. 

I  49  M 

A  small  part  of  the  Ship's  poop  only  appears  above  the  hori- 
zon of  Britain,  and  it  is  superllnous  therefore  to  trace  any  com- 
binations among  the  stars  of  this  constellation. 

ARGUMENT,  in  Astronomy,  is  in  general  a  quantity  upon 
which  another  quantity  or  equation  depends,  or  some  circum- 
stance relating  to  the  motion  of  a  planet;  or  it  is  an  arch, 
whereby  we  seek  another  unknown  arch,  bearing  some  propor- 
tion to  the  first:  hence, 

Argusilnt  of  Inclination,  or  Arrptyyicnt  of  Lntitiifle,  of  any 
planet,  is  anarch  of  a  planet's  orbit,  intercepted  belween  the 
ascending  node  and  the  place  of  llie  planet  from  the  sun,  num- 
bered according  to  the  succession  of  the  signs. 

Annual  Argument  of  the  31oon's  Apor/ee,  or  simply  Annual 
Arijiiment,  is  the  distance  of  the  sun's  place  from  the  place  of 
the  moon's  apogee ;  that  is,  the  arc  of  the  ecliptic  comprised 
belween  those  two  places. 

Argi'Ment  of  the  Parallax,  denotes  the  effect  it  produces  on 
an  observation,  and  which,  serves  for  determining  the  true 
quantity  of  the  horizontal  parallax. 

Argi'mext  of  the  Equation  of  the  Centre,  is  the  anomaly,  or 
distance,  from  the  apogee  or  aphelion  ;  because  this  i-<|ualion 
is  calculated  in  an  elliptic  nrhil  for  every  degree  of  anomaly, 
and  varies  ar-ording  to  the  variation  of  the  aiionialy. 

ARIES,  T,  the  Ram.  or  Li)Mili,llie  first  of  the  zodiaca!  signs; 
agreeably  to  the  fixed  zodiac  of  Ilipparehus  ;  when  the  sun 
enters  Aries  on  the  201  h  of  March,  and  the  vernal  equinox 
begins.  From  this  point  we  reckon  the  right  ascension  of  the 
stars,  and  the  longitudes  of  ihc  celestial  bodies.     The   fact  is, 
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the  earth  is  at  this  season  of  the  year  in  Libra,  and  the  sun,  as 
seen  from  tlie  earth,  appears  in  Aries.  The  boundaries  and 
contents  of  this  constellation  are,  north  by  Trian^jula  and 
Musca,  east  by  Taurus,  soulli  by  Cetus,  and  west  by  Pisces. 
Tliis  sijjn  contains  CG  stars,  viz.  one  of  the  2d  magnitude,  one 
of  the  3d,  two  of  the  fourth,  Sic.  The  chief  star  in  Aries,  called 
a  Arictis,  is  situated  in  his  forehead.  Its  declination  is 
'22°  36'  3U",  and  its  right  ascension  29°  15'  30".  It  rises  on  the 
N.  E.  5  E.  point  of  the  compass,  at  London,  and  culminates  on 
the  first  day  of  each  month,  as  in  the  following  Tabic:  Meri- 
dian Altitude,  6°  5'  30". 
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M. 
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0 
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30  M. 
30  M. 


Month. 

July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 


Rises 
ho.  mi. 
10  50 
9  0 
7  0 
5  15 
3  20 
1   15 


Culm. 

ho.  mi. 

7     6   M. 

5   M. 

8  M. 

18  M. 

30    A. 

30    A. 


ARIST^US,  an  eminent  geometrician  of  Crotonia,  who 
Iive<l  330  years  before  Christ ;  and  was  author  of  five  books  on 
the  Conic  Sections,  which,  however,  have  never  been  transmit- 
ted down  to  us,  though  those  of  his  contemporary  Meuechmus, 
have  been  preserved. 

ARISTAKCHUS,  a  celebrated  Greek  astronomer  and  phi- 
losopher, born  at  Samos,  flourished  about  the  middle  of  the 
third  century  before  Christ.  Aristarchus  is  well  known  to  have 
maintained  the  modern  opinion  with  regard  to  the  motion  of 
the  earth  round  the  sun,  and  its  revolution  about  its  own  centre 
or  axis.  He  also  taught,  that  the  annual  orbit  of  the  earth  is 
but  merely  as  a  point,  compared  with  the  distance  of  the  fixed 
stars.  He  determined  the  distance  of  the  sun  from  the  earth,  and 
concluded,  that  it  contained  at  least  18  or  20  times  that  of  the 
moon  from  the  earth.  Aristarchus  likewise  found,  that  the 
diameter  of  the  moon  bears  a  greater  proportion  to  that  of  the 
earth,  than  that  of  43  to  108,  but  less  than  that  of  19  to  60  ;  so 
that  the  diameter  of  the  moon,  according  to  his  statement, 
should  be  somewhat  less  than  a  third  part  of  the  earth.  He 
also  estimated  the  apparent  diameter  of  the  sun  at  the  720th 
part  of  the  zodiac.  Besides  his  astronomical  discoveries, 
Aristarchus  invented  a  peculiar  kind  of  hemispherical  sundial. 
The  only  work  of  this  ancient  astronomer  now  extant,  is  a 
treatise  "  on  the  Magnitude  and  Distances  of  the  Sun  and 
Moon,"  published  by  Wallis,  with  his  own  notes,  and  Com- 
mandine's  version  at  Oxford,  in  1683,  8vo. 

ARISTOLOCHIA,  birthworf. 

ARISTOTELIAN,  any  thing  relating  to  the  doctrines  or 
philosophy  of  Aristotle. 

Aristotelian  Philosophy,  the  philosophy  taught  by  Aristotle, 
and  maintained  by  his  followers.  It  is  otherwise  called  the 
Peripatetic  Philosophy,  from  their  practice  of  teaching  vrtiile 
they  were  walking.  "The  principles  of  Aristotle's  philosophy 
are:  Instead  of  the  more  ancient  systems,  he  introduced 
matte);  form,  and  privation,  as  the  principles  of  all  things;  but 
it  does  not  appear  that  he  derived  much  benefit  from  them  in 
natural  philosophy.  His  doctrines  are  for  the  most  part  so 
obscurely  expressed,  that  it  has  not  been  yet  satisfactorily 
ascertained  what  his  sentiments  were  on  some  of  the  most 
important  subjects.  He  attempted  to  confute  the  Pythagorean 
doctrine,  concerning  the  two-fold  motion  of  the  earth  ;  and  pre- 
tended to  demonstrate,  that  the  matter  of  the  heavens  is  unge- 
neratcd,  incorruptible,  and  not  subject  to  any  alteration ;  and 
he  supposed  that  the  stars  were  carried  round  the  earth  in 
solid  orbs. 

ARITHMETIC,  the  science  of  numbers,  whose  several  rules 
of  Addition,  Subtraction,  &c.  will  be  found  under  their  respec- 
tive heads.  The  marked  superiority,  indeed,  of  our  present 
numeral  system  over  that  of  the  ancients,  is  so  conspicuous, 
that  since  the  time  of  its  first  introduction  into  Europe,  nearly 
all  knowledge  of  the  more  imperfect  and  obscure  methods 
before  use<l  is  obliterated  and  forgotten  ;  and  even  the  slight 
vestiges  of  tlieso  abandoned  monuments,  which  now  remain, 
have  become  so  rare  and  difiieult  to  be  traeid,  either  in  the 
original  works,  in  which  they  might  be  expected  to  be  found, 
or  in  the  commentaries  and  translations  of  later  writers,  that 
except  from  the  scanty  relation  that  has  been  given  of  them  by 


Wallis,  and  the  more  recent  and  ample  detail  of  Delambrf, 
but  little  further  information  can  be  expected  on  the  subject  ; 
particularly  as  it  is  now  well  known,  that  the  authors  of  most 
of  the  early  performances  in  which  these  methods  were  em- 
ployed, have  contented  themselves  with  barely  giving  the 
results  of  calculations,  without  shewing  the  nature  of  the 
process,  or  the  diflereot  steps  of  the  operation. 

ARK,  a  floating  vessel  built  by  Noah,  about  which,  all  beyond 
the  account  of  scripture,  is  mere  conjecture,  and  had  much 
better  be  omitted  in  this  work.  The  truth,  as  related  under 
the  unerring  direction  of  the  divine  Spirit,  is  found  in  Genesis. 

Ark  of  the  Covenant,  a  chest  in  which  the  Israelites  kept  the 
golden  pot  that  contained  the  manna,  Aaron's  rod,  and  the 
tables  of  the  covenant. 

ARMED,  a  cross-bar  is  said,  by  sailors,  to  be  armed,  when 
some  rope  yarn,  or  the  like,  is  rolled  about  the  end  of  the  iron 
bar,  which  runs  through  the  shot.  In  Heraldry,  the  horns,  feet, 
beak,  and  talons  of  birds  of  prey,  are  armed,  when  of  a  dille- 
rent  colour  from  the  body.  An  armed  ship  is,  properly,  one  of 
the  government  vessels.     See  Ship  of  War. 

ARMIGER,  a  title  of  dignity  to  such  gentlemen  as  arc 
entitled  to  bear  arms  by  courtesy  or  creation. 

ARMILLARY  Sphere,  an  artificial  sphere  composed  of 
various  brass  circles,  to  illustrate  the  imaginary  lines  with 
which  the  earth  is  supposed  to  be  surrounded.    See  Sjihere. 

ARMOUR,  a  defensive  dress,  worn  to  secure  the  body  in 
battle,  &c. ;  armour  cap-u-pie  consisted  of  a  casque  or  helm, 
gorget,  cuirass,  gauntlets,  lasses,  brassets,  cuishcs,  and  covers 
for  the  legs,  to  which  the  spurs  were  fastened.  Lastly,  the 
horses  even  had  their  armour  to  cover  the  head  and  neck. 

ARMOURY,  a  storehouse  for  arms;  as  the  Tower,  the  arsenal 
of  Woolwich,  &c.  In  Heraldry,  arms  are  marks  of  dignity  and 
honour,  and  are,  like  titles,  hereditary ;  expressing,  on  the  field 
of  the  escutcheon,  the  degree,  merit,  and  quality  of  the  original 
bearers.  The  ancient  armour  was  tried  and  proved  by  raising 
it  to  a  sufUcicnt  height,  and  then  letting  it  fall  on  a  large  stone 
or  pavement :  if  it  was  not  injured  by  fracture,  it  was  good. 

ARMY,  a  large  number  of  soldiers,  consisting  of  horse  and 
foot  completely  armed,  and  provided  with  artillery,  ammuni- 
tion, provisions.  &c.  under  the  command  of  one  general-officer, 
having  under  him  a  general  of  horse  and  one  of  foot,  a  major- 
general  for  every  two  brigades,  and  nearly  half  as  manj- 
lieutenants-general. 

ARNICA,  leopard's  bane. 

AROMATIC  VINEG.\R,  an  acetic  solution  of  camphor,  oil 
of  cloves,  oil  of  lavender,  and  oil  of  rosemary  ;  take  a  sufficient 
quantity  of  each  to  make  it  pleasant,  and  mix  them  together. 

ARPENT,  a  measure  of  an  100  perches  square. 

ARRAIGNMENT,  in  Law,  to  call  a  person  to  answer  in 
form  of  law  upon  an  indictment;  and  the  Array  is  the  ranking 
or  setting  forth  of  a  jury,  or  inquest  of  men  impannelled  on  a 
cause.  An  Arimcst,  is  the  restraint  or  beginning  of  imprison- 
ment of  one's  person,  by  a  lawful  warrant,  and  is  either  civil  or 
criminal.  When  any  one  is  arrested  for  a  criminal  oHence,  the 
officer  who  arrests  him  is  bound,  (by  the  habeas  corpus  act,) 
under  heavy  penalties,  to  deliver  to  the  prisoner,  or  his  agent, 
within  six  hours  after  demand,  a  copy  of  the  warrant  of  com- 
mitment, in  order  that  no  one  may  be  imprisoned  from 
malice  or  revenge,  or  without  knowledge  of  the  charge  against 
him.  In  case  such  copy  is  denied,  on  comphiint  in  writing 
on  oath,  the  lord-chancellor,  or  any  of  the  twelve  judges, 
provided  it  is  a  bailable  offence, — or  on  affidavit,  that  a  copy 
is  denied, — can  award  a  writ  oi'  habeas  corpus  lor  such  prisoner 
to  be  brought  immediately  before  him;  and  he  is  obliged  to 
discharge  the  party,  on  receiving  bail.     Sec  Assizi-.. 

ARRESTS,  iji  Farriery,  mangy  tumors  upon  a  horse's  hiudet 
legs,  between  the  ham  and  the  pastern. 

ARRONDEE,  in  Heraldry,  the  curved  cross,  whose  arni.s 
terminate  in  the  edge  of  the  escutcheon. 

AliSENAL,  a  royal  or  public  magazine,  for  the  making  or 
keeping  of  arms,  naval  or  military  furniture  and  equipments, 
ftc,  as  the  arsenal  of  Woolwich,  of  Toulon,  l!ic. 

ARSON,  the  malicious  burning  of  a  house,  &c.  of  another 
man.  which  is  felony  at  connuon  law. 

ART,  the  application  of  knowledge  to  practice  ;  hence  \vC 
have   the  terms  us^'ul  or  mechanic,  liberal  or  polite  arts  :  the 
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former  reqiiiiiiifj  manual  labour  principally,  the  latter  requiring: 
the  exercise  of  mind  more  than  of  the  hand  and  body. 

ARTEMISIA,  mug;wort. 

ARTERY,  a  conical  tube,  or  canal,  which  conveys  the  blood 
from  the  heart  to  all  parts  of  the  body.     See  Anatomy. 

ARTICHOKE,  a  well-known  plant,  grown  chiefly  for  culinary 
uses,  and  eaten  with  melted  butter  and  pepper,  either  plain, 
boiled,  or  stewed,  and  added  to  ragouts,  and  highly  seasoned 
dishes.  The  leaves  and  stalks  contain  a  bitter  juice,  which, 
melted  with  an  equal  portion  of  white  wine,  has  been  success- 
fully employed  in  the  cure  of  dropsy,  when  other  remedies 
have  failed. 

ARTICLES  OF  Faith,  doctrines  of  Christianity,  allowed  and 
established  by  the  church  for  our  belief.  The  thirty-nine 
aiticles  were  confirmed  by  royal  authority  in  1652.  The  law 
requires  a  subscription  to  these  articles,  of  all  persons  ordained 
to  be  deacons  or  priesis;  of  all  clergymeu  inducted  to  any 
ecclesiastical  living  ;  of  licensed  lecturers  and  curates  ;  of  the 
heads  of  colleges,  chancellors,  oflicials,  commissaries,  and 
schoolmasters.  Dissenting  teachers  are  to  subscribe  all, 
except  the  34lh,  35th,  and  SGlli,  and  part  of  the  20th,  (and  in 
the  case  of  Anabaptists,  except  also  part  of  the  "iTlli,)  otherwise 
they  are  exempted  from  the  benefits  of  the  Act  of  Toleration, 
I3Eliz.  cap.  12,  13,  U.  Chas.  II.  cap.  4.   1  Will.  III.  cap.  12. 

ARTIFICER,  a  manufacturer  of  any  commodity,  as  a  smith, 
carpenter,  Stc.  The  artificers  of  Rome  were  exempt  from  all 
personal  services,  and  incorporated  into  companies,  enjoying 
their  peculiar  temples  rnd  tutelar  gods;  but  still  they  were 
treated  with  contempt,  most  of  them  being  slaves  and  foreign- 
ers, whose  poverty  exempted  them  from  taxes,  and  whose 
equivocal  character  rendered  their  names  unlit  for  the  censors' 
books,  and  their  persons  for  war.  How  much  the  state  of  the 
artificer  is  bettered  since  Rome  gave  law  to  (he  world,  the 
prosperity,  liberty,  and  opulence  of  Great  Britain  snflicicntly 
prove.  Still  by  the  English  laws,  artificers  in  wood,  iron, 
steel,  brass,  or  other  metal,  are  prevented,  by  statute,  from 
quitting  the  kingdom.  And  such  as  go  abroad,  and  do  not 
return  on  warning  given  by  our  ambassadors,  shall  be  disabled 
from  holding  lands  by  descent  and  demise,  and  from  receiving 
any  legacy,  &c.  and  be  deemed  aliens.  A  heavy  penalty  is 
also  inflicted  on  persons  seducing  artificers  to  go  abroad. 
Statutes,  5  Geo.  I.  cap.  27 ;  23  Geo.  II.  cap.  13.  §  1. 

ARTILLERY,  the  science  which  the  officers  of  artillery 
ought  to  possess  ;  or  the  soldiers  destined  for  the  service  of 
guns,  cannon,  mortars,  &c.  The  artillery  of  Britain  consists  of 
both  horse  and  foot  soldiers,  whose  chief  rendezvous  is  at 
Woolwich. 

Artillery  Park,  the  place  in  the  rear  of  both  lines  of  an 
army  for  encamping  the  artillery,  which  is  drawn  up  in  lines, 
of  which  one  is  formed  by  the  guns  ;  the  ammunition  w  aggons 
make  two  or  three  lines  sixty  paces  behind  the  guns,  and 
thirty  distant  from  one  another:  the  pontoons  and  tumbrils 
make  the  last  lino.  The  whole  is  surrounded  by  a  rope  fastened 
to  stakes,  defining  the  camp  ground  ;  and  the  gunners  and 
matrosses  encamp  on  the  flanks  ;  and  the  bombardiers,  pontoon 
men,  and  artificers,  in  the  rear. 

ARTOCARPUS,  the  bread-fruit  tree,  grows  wild  in  Ota- 
heite,  and  other  islands  of  the  South  Seas.  It  is  about  40  feet 
in  height,  with  large  spreading  branches,  and  bright  green 
leaves,  divided  into  seven  or  nine  pea-shaped  lobes,  and  loaded 
with  large  globular  berries  about  the  size  of  a  child's  head;  it 
affords  a  good  nourishment,  and  from  its  inner  bark  there  are 
separated  line  white  fibres,  which  are  woven  into  cloth. 

ARUM,  wake-robin,  or  cuckow  pint. 

ARUNDELIAN  Maubles,  are  ancient  stones,  on  which  is 
inscribed  a  chronicle  of  Athens,  engraved  in  Paros  264  years 
before  Christ ;  and  they  take  their  present  name  from  Thomas 
earl  of  Arundel,  who  procured  them  from  the  East,  and  made 
a  present  of  them  to  the  University  of  Oxford.  This  chronicle 
begins  1582  years  before  Christ ;  but  it  is  so  defaced,  that  the 
sense  is  discovered  chiefly  by  conjectures.  But  in  a  dissertation, 
entitled,  "The  Parian  Chronicle,"  the  authenticity  of  these 
marbles  has  been  questioned  :  1st.  Their  characters  have  no 
certain  or  unequivocal  marks  of  antiquity  ;  2d.  it  is  not  pro- 
bable, that  the  chronicle  was  graven  for  private  use  ;  3d.  nor 
by  public  authority  ;  4th.  it  is  not  once    mentioned  by   any 


writers  of  antiquity;  5th.  some  of  the  facts  in  (he  chronicle 
seem  to  have  been  taken  from  the  writers  of  a  later  date  ;  6tli. 
Parachronisms  appear  in  some  of  the  epochas  ;  7th.  the  history 
of  their  discovery  is  obscure  and  un.saiisfactory.  These  luarbles 
had  been  totally  unknown  or  unnoticed  for  almost  120O  years, 
and  at  last  are  dug  out  of  the  ground — nobody  can  tell  us 
when,  or  where ! 

ASBESTOS,  a  native  fossil  stone,  which  may  be  split  into 
threads  and  filaments  from  one  to  ten  inches  in  length,  very 
fine,  brittle,  yet  somewhat  flexible,  silky,  and  of  a  sra\  ish  colour. 
Asbestos  is  insoluble  in  water,  and  possesses  the  wonderful 
property  of  being  incombustible. 

ASCENDING  Staks,  are  such  as  are  rising  above  the 
horizon  of  any  given  parallel  of  the  equator. 

Ascending  Node,  ft,  that  point  of  a  planet's  orbit  where  it 
passes  the  ecliptic,  to  proceed  northwanl. 

Ascension,  Ri(/lit,  of  any  of  the  heavenly  bodies,  is  that 
degree  of  the  equinoctial  counted  from  the  beginning  of  Aries, 
which  rises  with  the  sun  or  star  in  a  right  sphere.  Oblique 
Ascension,  an  arc  of  the  equator,  intercepted  between  the  first 
point  of  Aries  and  that  point  of  the  equator  which  rises  toge- 
ther with  a  star  in  an  oblique  sphere;  and  the  ascensional 
difference  is  the  ditlerence  between  the  right  and  oblique 
ascension. 

ASCITES,  dropsy  of  the  abdomen. 

ASCI.EPIAS,  swallow-wort. 

ASCYRUM,  Peter's  wort. 

ASHES,  the  earthy  particles  of  combustible  substances 
after  they  have  been  burned  ;  those  of  vegetable  bodies  possess- 
ing a  fixed  salt,  as  potash,  pearlash.  Ashes  are  an  excellent 
manure  for  cold  and  wet  grounds.  In  their  religious  ceremo- 
nies, the  .lews  sat  on  ashes,  threw  ashes  on  their  heads,  and  fed 
on  ashes,  which,  however,  is  a  poetical  allusion.  There  was, 
nevertlieless,  a  lustral  w  ater  made  with  the  ashes  of  a  sacrificed 
heifer,  which  was  distributed  to  the  people,  and  used  in  purifi- 
cations as  often  as  they  touched  a  dead  body,  or  were  present 
at  funerals.   Numb.  xix.  17.  2  Sam.  xiii.  9.  and  Ps.  cii.  9. 

ASIA,  extends  about  6500  geographical  miles  east  and  west, 
reckoning  from  the  Hellespont  to  what  is  called  East  Cape ; 
and  about  4500  geographical  miles,  north  aud  south,  from 
Cape  Cevero  Vostochuoi,  on  the  Arctic  ocean,  to  the  southern 
cape  of  Malacca.  And  it  contains  the  following  states  : — In 
the  North.  The  countries  of  Siberia,  or  Russian  Tartary  ; 
whose  chief  towns  are,  Astracan,  on  the  Wolga,  Tobolsk,  on 
the  Irtish.  In  the  Middle.  Countries  :  the  Chinese  empire, 
Chinese  Tartary,  Tibet,  Independent  Tartary,  Turkey  in  Asia. 
Chief  towns:  Pekin,  Cashgar,  Lassa,  Samarcand,  on  the 
Sogda,  Aleppo,  and  Jerusalciu.  In  the  South.  Countries  ; 
Arabia,  Persia,  Hindostan,  the  Birman  empire,  Malaya,  or 
Malacca.  Chief  towns:  Mecca  and  Medina,  Ispahan  and 
Shiraz,  Delhi  and  Calcutta,  Ummerapoora  and  Ava,  Malacca. 
The  religions  of  Asia  are  very  various:  in  Turkey  the  Mahom- 
medan  and  Christian  both  prevail ;  in  Asiatic  Russia  are  found 
the  two  former,  aud  also  a  species  of  Hindooism  ;  the  Chinese 
believe  in  polytheism  ;  in  'Tibet,  the  religion  bears  a  close 
affinity  to  that  of  the  Hindoos:  in  Japan,  polytheism  obtains  ; 
the  Birmans  are  worshipper:?  of  Brahma,  as  are  also  the  Sia- 
mese, and  the  Hindostanese ;  the  religion  of  Persia  is  the 
Mahommedan,  as  is  also  that  of  Arabia,  while  in  the  Asiatic 
islands  several  of  the  foregoing  faiths  have  their  respective 
devotees  ;  and  there  are  some  insulated  savages  without  any 
vestige  of  religious  rites.  The  oceans,  seas,  bays,  and  gulfs, 
belonging  to  Asia,  are:  the  Arctic,  Pacific,  and  the  Indian 
oceans  ;  the  Arabian  Gulf,  or  Red  Sea,  between  Africa  and 
Arabia;  the  Persian  Gulf,  between  Arabia  and  Persia,  receiv- 
ing the  Euphrates  and  the  Tigris  ;  the  Bay  of  Bengal,  sepa- 
rating the  peninsulas  of  India  ;  the  Gulfs  of  Siain  and  Tonquin  ; 
the  Yellow  Sea,  the  sea  of  Japan,  and  that  of  Okhotsk.  Adja- 
cent to  Europe,  Asia  claims  a  share  in  the  Levant,  the  .\rchi- 
pelago,  the  sea  of  Marmora,  the  Black  Sea.  and  the  sea  of 
Azof.  The  Caspian  Sea  is  an  inland  lake,  700  miles  long,  and 
from  200  to  700  broad.  The  sea  of  Aral  is  200  miles  long,  an  I 
70  broad  ;  and  that  of  Baikal  is  850  miles  in  length,  but  only 
35  in  breadth.  The  chief  Asiatic  straits  arc  those  of  Babcl- 
mandel,  Malacca,  Sunda,  Corea.  aud  Blicrrings,  between  .\sia 
and  America.     The  mountains  are,  the  Ouralian  chain,  forminj; 
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the  boundary  between  Europe  and  Asia;  the  Altaian  chain, 
extendiiis  0000  miles  across  tbe  centre  of  Asia  ;  the  mountains 
of  Tibet,  the  highest  on  the  globe,  being  in  one  place  above 
26,000  feet  above  the  level  of  the  sea;  Mount  Taurus;  llie 
Caucasian  chain,  Mount- Ararat,  Lebanon,  and  the  Gauts  of 
Hindostan.  The  chief  rivers  are  the  Obe,  the  Enissei,  the 
Lena,  the  Amour,  the  Hoau-ho,  the  Kian-ku,  the  Maykaung, 
the  Majgne,  tiie  TrawaUely,  the  Burrampoot,  the  Ganges,  the 
Indus,  the  Godavcry,  the  Kistna,  the  Euphrates,  the  Tigris,  and 
the  Wolga.  The  canals  of  China  are  very  numerous,  and 
facilitate  commerce  in  all  directions;  while  the  magnitude  of 
the  Ganges,  the  Indus,  and  many  other  rivers,  admits  of  an 
uninterrupted  navigation  for  nearly  1000  miles,  for  vessels  of 
200  tons  burden.  The  Asiatic  islands  are  the  Laccadive  and 
Maldive  islands,  Ceylon,  the  Nicobar  and  Andaman  isles  ;  the 
Japanese  islands,  the  Eastern  Archipelago,  Austral-Asia,  and 
Polynesia. 

Turkey  in  Asia. — This  region  is  divided  into  nine  provinces, 
extending  from  the  shores  of  the  Archipelago,  in  Europe,  to 
Persia  ;  and  these  provinces  are  subdivided  into  governments 
arbitrarily  ruled  by  pashas,  or  military  commanders.  The 
provinces  are,  Natolia,  in  the  west ;  Karoman,  in  the  south; 
and  Roura,  in  the  north-east;  Guria,  Mingrelia,  Circassia, 
north  of  Armenia,  or  Turcomania,  and  south  of  it  are  Kurdis- 
tan and  Irak-Arabi ;  Mesopotamia,  and  Syria.  The  population 
is  estimated  at  ten  millions,  and  of  this  mass  of  human  beings, 
one  half  are  pastoral  wanderers,  without  industry,  arts,  or 
civilization.  Tbe  chief  cities  are,  Aleppo,  with  a  population  of 
250,000  inhabitants;  Damascus,  containing  100,000  souls; 
Smyrna,  120,000;  Prusa,  60,000  ;  Angora,  80,000;  Tokat,  60,000; 
Bassora  50,000  ;  and  Bagdat,  40,000.  Aleppo  is  famous  for  its 
manufactures  of  silk  and  cotton  ;  and  its  numerous  mosques, 
surmounted  with  white  minarets,  and  relieved  in  the  distant 
landscape  by  the  tall  cypresses,  give  this  elegant  city  a  most 
picluresque  appearance.  Damascus  for  its  swordblades  is 
unrivalled  ;  and  its  manufactures  of  silk,  cotton,  and  soap,  are 
very  considerable.  Smyrna  is  the  chief  mart  of  European 
trade  on  the  shores  of  the  Levant  ;  but  the  pestilence  retards 
its  prosperity.  The  climate  is  most  excellent;  and  though  the 
soil  be  in  general  good,  agriculture  in  Syria  is  in  a  most 
wretched  condition.  The  chief  rivers  are  the  Euphrates,  the 
Tigris,  the  Kizil-Irmak,  or  Halys  of  antiquity;  the  Meander; 
the  Sarabat,  or  ancient  Hermus ;  and  the  Orontes,  in  Syria. 
The  lakes  are.  Van,  in  Kurdistan ;  the  Dead  Sea,  in  Syria  ; 
the  Tata,  or  Palus  Salsa,  of  Asia-Minor  ;  Ulubad,  in  Natolia, 
and  the  Isnick.  The  mountains  are,  the  Taurian  Chain  ;  the 
Caucasian  mountains  ;  Ararat,  in  the  east  of  Armenia  ;  Leba- 
non, in  Syria;  Olympus  and  Ida,  on  the  east  of  the  Archi- 
pelago. These  mountains  are  clothed  with  immense  forests  of 
pine-trees,  oaks,  beeches,  elms,  and  other  alpine  trees,  which 
furnish  safe  retreats  to  tigers  of  the  smaller  breed,  hyaenas, 
wild  boars,  troops  of  jackals  ;  and  the  ibex  roves  on  the  sum- 
mit of  the  Caucasus  ;  while  Angora  is  celebrated  for  its  singu- 
lar goats  and  cats,  from  whose  wool  are  manufactured  Angora 
shawls,  &c.  The  islands  belonging  to  Asiatic  Turkey  are, 
Mytilene,  Scio,  Sanios,  Cos,  and  Rhodes.  Mytilene  is  moun- 
tainous, but  agreeably  diversified  with  olive  gardens,  vine- 
yards, and  plantations  of  myrtle.  The  climate  is  exquisite, 
and  the  coast  is  finely  indented  with  numerous  creeks  and 
havens.  Scio,  or  Chios,  contains  about  60,000  inhabitants  ; 
and  the  Greeks  make  a  decent  livelihood  in  the  cultivation  of 
mastic  gum,  for  the  ladies  of  the  sultan's  harem.  Samos,  wilh 
a  population  of  12.000  Greeks,  is  famous  for  its  pottery,  its 
honey,  and  wax.  Cos  is  co\ered  with  groves  of  lemon-trees. 
Rhodes,  whose  population  is  .30.000,  was  once  celebrated  for 
its  colossal  statue  in  bronze,  and  its  having  been  possessed  by 
the  knights  of  St.  John  of  Jerusalem.  Cyprus  is  fertile,  but 
agriculture  is  neglected.  Its  wines  and  oranges  are  excellent, 
and  its  hills  are  bedecked  with  the  most  bcauliful  tlowers. 

Russia  in  Asia. — The  Russian  empire  extends  along  the 
whole  of  Asia.  If  we  compute  the  degree  of  longitude  in  that 
high  latitude  at  30  miles,  the  length  (reckoning  from  37°  cast 
longitude,  to  170°  west  longitude)  wjll  he  about  4.590  geogra- 
phical miles  ;  audits  mean  breadth  cannot  be  less  than  1960 
miles,  estimating  from  Cape  Vostochnoi  to  tbe  sea  of  Baikal. 
The  ancient  name  of  this  vast  empire  was  Siberia.     The  popu- 


lation of  this  extensive  empire  is  almost  all  of  primitive  orig;in, 
consisting  of  Samoides,  Mongols,  Kalmucks,  Tartars,  &c.  And 
they  profess,  according  to  their  tribes,  the  IMahommedan  reli- 
gion, that  of  the  Greek  church,  or  the  superstition  of  Dalai-Lama, 
&c.  Tbe  government  of  Siberia  is  divided  into  two  branches, 
that  of  Tobolsk  in  the  west,  and  Irkutsk  in  tbe  east;  and  the 
population  does  not  exceed  three  millions  and  a  half.  The  Tar- 
tars are  generally  hunters,  or  herdsmen,  feeding  horses,  camels, 
oxen,  sheep,  and  goats  ;  and  their  women  busy  themselves  in 
tanning  leather,  gardening,  and  providing  winter  provisions. 
The  Kalmucks  are  divided  into  three  classes,  nobles,  clergy, 
and  people,  and  tbe  power  of  their  chiel  consists  in  the  num- 
ber and  opulence  of  bis  subjects.  The  Monguls  are  of  short 
stature,  with  a  Hat  visage,  small  oblique  eyes,  thick  lips,  and 
short  chin,  from  which  depends  a  scanty  beard.  Their  hair  is 
black,  and  their  complexion  a  yellowish  brown.  Like  all  pas- 
toral tribes,  they  are  docile,  hospitable,  and  active,  but  volup- 
tuous; and  hence  industry  is  a  virtue  entirely  confined  to  the 
females.  Wandering  in  herds  in  quest  of  sustenance  for  their 
flocks,  with  much  mirth  they  amuse  themselves  in  horse-racing, 
archery,  wrestling,  pantomime,  dancing,  cards,  and  chess. 
The  chief  cities  are,  Astracan,  at  the  mouth  of  (he  Wolga; 
Azof,  Tobolsk,  Kolyvan,  on  the  Ob  ;  Irkutsk,  the  chief  mart  of 
commerce  between  China  and  Russia.  The  chief  manufac- 
tures are,  leather,  salt,  isinglass,  kaviar,  (the  salted  roe  of  a 
large  fish,)  and  pitch  ;  and  the  chief  articles  of  commerce  are 
sables,  furs,  hides,  rhubarb,  and  raw  silks,  which  are  exported, 
or  exchanged,  for  tea,  silk,  porcelain,  wine,  fruit,  coffee,  rice, 
woollen  cloths,  iron,  and  household  goods.  In  so  extensive  a 
country  the  climate  and  soil  are  very  various  ;  though  in  general 
the  former  be  frigid  rather  than  temperate,  tbe  latter  might  be 
cultivated  to  great  advantage  in  the  southern  and  western 
districts,  were  the  peasantry  not  sold  is  slaves  w  ith  the  ground 
they  tread  on.  The  chief  rivers  are,  the  Ob,  navigable  almost 
to  its  source,  and  abounding  in  fish  ;  the  Yenidei,  issuing  from 
the  Baikal,  or  Holy  Sea;  the  Selinga,  flowing  into  the  Baikal: 
the  Lena,  of  great  breadth,  and  full  of  islands  ;  the  Wolga,  the 
Amur,  and  the  Onon.  The  chief  lakes  are,  those  of  Piazinsko, 
in  the  north  ;  tbe  Baikal,  in  the  south  ;  the  lakes  of  Tchany  and 
Soumi,  between  the  Ob  and  Irtish;  the  Bagdo,  to  the  north  of 
the  Caspian,  is  salt  water,  as  is  also  the  Atlan-Nor,  or  Gold 
Lake.  The  mountains  are,  the  Uralian  chain  ;  Bogdo-Alim, 
adjoining  the  Mongolian  desert ;  the  Altaian  chain  ;  the 
Schlanganberg,  rich  in  minerals,  as  are  also  the  mountains  of 
Nenshinsk ;  the  mountains  of  Ochotsk,  many  branches  of 
which  consist  of  red  and  green  jasper  ;  and  the  classical  Cau- 
casus, whose  summits  are  crowned  with  everlasting  ice  and 
snow.  Asiatic  Russia  abounds  in  forests  and  slepps,  or  exten- 
sive level  plains,  which  resemble  the  sandy  bed  of  a  sea,  with 
scattered  patches  of  thin  grass,  stunted  thickets,  spots  of  salt, 
and  saline  lakes.  In  the  forests,  the  terrible  urus  and  the  bear 
range;  the  argali,  or  wild  sheep,  and  the  ibex,  or  rock  goat, 
inhabit  the  Caucasus  ;  the  rein  deer  performs  the  ollice  of  the 
horse  ;  the  mountains  of  Baikal  abound  in  large  stags  ;  and  the 
white  foxes  of  the  Eastern  Archipelago  rival  the  monkey  in  mis- 
chievous tricks.  The  isles  belonging  to  Asiatic  Russia  are,  the 
Aleutian  isles  on  the  east  of  Kamscbatka,  the  Andrenovian  or 
Fox  islands  on  the  west  of  the  former  ;  and  the  Kurilian  isles, 
extending  from  tbe  south  of  Kamscbatka  to  Japan.  Several 
of  these  isles  are  volcanic  ;  and  they  all  swarm  with  foxes. 

Tbe  Chinese  Empire. — This  vast  empire  extends  in  an 
easterlv  direction  4200  geographical  miles,  and  southerly  1740 
miles.  By  glancing  at  the  map  of  Asia,  w  e  i>erceive  it  stretch- 
ing from  the  Pacific  Ocean  to  tbe  river  Sihon,  and  from  the 
I'ralian  mountains  to  the  tropic  of  Cancer.  It  is  divided  into 
three  parts,  China  Proper,  the  kingdom  of  the  Mandshurs  and 
Monguls.  on  the  north  and  west,  and  the  territory  of  Tibet. 

I.  China  Proper. — ('bina  Proper  (extending  from  the  great 
wall  in  the  north  to  the  Chinese  sea  in  the  south)  is  1140  geo- 
graphical n)iks  long;  and  in  breadth  (from  the  shores  of  the 
Pacific  to  tbe  frontiers  of  Tibet)  it  is  computed  at  880  geogra- 
phical miles.  The  religion  is  polytheism.  Tbe  government 
patriarchal  :  hence  the  amazing  population  and  general  eaue 
and  happiness  of  the  people.  The  popul.'tion  amounts  to  three 
hundred  and  thirty-three  millions  of  souls,  the  army  is  one 
million,  and   the  revenue  amounts  to  nine  millions  sterling. 
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The  features  of  the  Chinese  proclaim  their  affinity  with  the 
Tartars,  Monguls,  and  Mandshiirs;  and  thoiig;h  they  appear 
highly  civilized,  science  is  still  in  its  infancy  among  them,  and 
must  ever  he  so,  where,  from  age  to  age,  genius  is  cramped  by 
the  children  following  the  business  of  their  fathers.  The  chief 
cities  are  Pekin  and  Nankin  ;  the  former  possessing  a  popula- 
tion of  three  millions  of  souls,  and  the  latter  is  yet  more  exten- 
sive. In  Canton  there  are  a  million  and  a  half  of  inhabitants. 
The  characters  of  the  Chinese  people  in  the  different  provinces 
are  thus  portrayed  in  the  last  court  calendar  of  the  celestial 
empire. — 1.  Peking,  or  Shun-teen-foo.  The  people  are  strong 
and  brave  ;  silent,  famous  for  politeness  and  justice  ;  plain, 
unceremonious,  and  moral,  regenerated  by  their  vicinity  to  the 
emperor. — Paou-ting-foo.  Literati  not  endowed  with  remark- 
able talents,  and  agricultural  people. — Yung-ping-foo.  The  lite- 
rati value  their  reputation  ;  a  frugal  people,  attentive  to  agricul- 
ture.— Tee-tsin-foo.  A  mixed  people  from  every  part  of  the  coun- 
try;  gay  and  extravagant,  some  frugal.— 2.  Keang-see— Keang- 
nin-foo.  An  extravagant  people,  a  greatnumberofliterati. — Soo- 
chow.  The  scholars  are  very  polite,  and  the  people  taught  to 
love  each  other.  Their  manners  are  pure,  and  instruction  has 
a  powerful  effect. — Sung-keang-foo.  The  literati  are  studious, 
the  people  eminent  for  benevolence. — 3.  Gan-hwuy.  A  light 
unsteady  people  ;  economical,  and  of  good  appearance. — 4. 
Keaug-se.  The  literati  are  partial  to  classical  learning,  the  peo- 
ple attentive  to  husbandry.  —  5.  Che-keang. — Hang-chow-foo. 
Gems  and  rarities  are  here  collected.  Foreign  and  home  trade 
are  united.  The  people  are  genteel  and  elegant.  The  literati 
are  very  methodical. — (J.  Fo-kiien,  Fo-chovv-foo.  Inwardly 
sincere,  and  of  a  gay  exterior;  very  attentive  to  business,  and 
value  economy. — 7.  Hoo-pee,  Woo-chang-foo.  A  mixture 
from  every  part  of  the  empire.  Every  family  observes  its  own 
customs.  The  Chinese  roads  are  excellent,  and  no  country 
excels  this  in  inland  navigation.  Irrigation  is  very  well  prac- 
tised, husbandry  is  neat  and  clean,  and  the  emperor  himself  is 
not  ashamed  to  hold  the  plough  in  its  season,  and  sets  an  an- 
nual example  of  the  veneration  due  to  the  chief  branch  of 
human  industry.  The  lakes  are  noble  and  extensive,  and 
afford  vast  quantities  of  fish,  which  are  taken  by  trained  birds. 
The  rivers  are  the  Kian-ku  and  the  Hoan-ho.  The  mountains, 
though  numerous,  have  not  yet  been  accurately  described  ;  and 
except  in  the  loftiest  districts,  cultivation  has  annihilated  all 
the  great  forests.  Yet  tigers,  buBaloes,  wild  boars,  bears, 
rhinocerosea,  camels,  and  deer,  find  ample  shelter.  The  common 
people  pound  their  coal  with  wafer,  and  bake  it  in  cakes  for 
use.  The  Chinese  islands  are  Formosa,  Hainan,  and  the  isles 
of  Leoo-keoo,  between  Formosa  and  Japan.  Their  inhabitants 
form  a  civilized  kingdom,  subject  to  China,  and  their  manners 
appear  mild,  all'able,  gay,  and  temperate. 

II.  Chinese  Tartary. — Chinese  Tartary,  or  Mongolia,  ex- 
tends over  the  vast  regions  between  Tibet,  Chii.a,  and  the  Arc- 
tic Ocean  ;  and  from  the  Black  Sea  to  the  norlli-eHslern  boun- 
daries of  Asia.  That  is  to  say,  from  72°  to  145°  east  longi- 
tude, or  seventy-three  degrees,  equal  to  .3100  geographical 
miles,  taking  the  medial  latitude  at  46° ;  and  from  the  Rus- 
sian confines  to  Tibet,  its  breadth  of  18°  will  give  1,080  geo- 
graphical miles.  The  religion  is  called  Shumanism,  or  the 
belief  in  a  Supreme  Author  of  nature,  who  governs  the  uni- 
verse by  the  agency  of  numerous  inferior  spirits  ;  but  a  living 
Lama,  or  embodied  spirit,  is  acknowledged  and  worshipped  ; 
and  this  Lama  is  a  human  being  like  ourselves!  The  princes 
pay  homage  to  the  Chinese  empire  ;  the  population  amounts 
to  about  six  millions  of  souls  ;  and  the  whole  country  is 
divided  by  the  Chinese  into  the  three  great  governments  of 
Chinyang,  Kiren-oula,  and  Tsitchicar  ;  while  the  territory  of  the 
Oelets  or  Kalmucks  comprises  Gete,  Little  Uucharia,  and  the 
countries  of  Turfan.  The  chief  towns  are,  Cashgar,  Yark- 
and,  and  Kotan,  in  Little  Bucharia  ;  Turfan,  Hacii,  Chami; 
Coucou,  Hotun,  Tsitchikar,  Merguen,  Pctouna,  Kirin,  and 
Nigouta.  The  chief  city  of  Corea  is  Kinkatao.  The  chief  trade 
of  these  places  lies  in  pearls,  horses,  musk,  and  furs.  Corea  is 
celebrated  for  the  most  exquisite  horses,  only  three  feet  high. 
A  mare  of  this  breed  was  exhibited  in  London,  in  1820.  The 
climate,  in  general,  is  as  mild  as  tliat  of  France  and  Spain,  and 
the  great  Table  Plain,  extending  from  80°  to  110"  east  longi- 
tude, or  1380  geographical  miles,  is  the  most  singular  feature 


in  the  face  of  the  country.  In  all  Chinese  Tartary  the  pre- 
dominating substance  of  soil  is  black  sand,  and  agriculture 
is  wholly  neglected.  The  chief  rivers  are,  the  Amur  or  Saga- 
lian-Oula  ;  the  Yarkand,  and  the  Hi;  the  former  falling  into 
the  lake  of  Lop,  the  latter  into  that  of  Balkash  or  Tengis.  The 
mountains  are,  the  Imauan  chain,  or  the  Dark  Mountains  of 
Belnr  Tag  ;  those  of  the  Russian  frontier,  and  the  mountains 
of  Tibet.  The  island  of  Sagalian,  or  Tchoka,  240  miles  north 
ofjesso,  is  mountainous  towards  the  centre,  but  the  shores 
are  adapted  to  agriculture  ;  and  the  natives  dress  in  loose 
robes  of  skin,  and  live  in  huts,  a  mild  and  intelligent  race,  un- 
like the  Manshurs. 

III.  Tibet. — Tibet  is  about  13.00  geographical  miles  long,  and 
480  broad,  extending  from  the  75th  to  the  101st  degree  of  east 
longitude ;  and  from  the  27th  to  the  .35lh  degree  of  north  lati- 
tude. It  is  divided  into  Upper,  Middle,  and  Lower  Tibet ; 
the  first  comprising  the  province  of  Nagair,  full  of  stupendous 
rocks,  covered  with  eternal  snow  ;  the  central  region,  embra- 
cing the  provinces  of  Shang,  Oil,  and  Kiang  ;  while  Low  er  Tibet 
includes  the  provinces  of  Takbo,  Congbo,  and  Kahang.  The 
religion  of  the  Tibetians  is  closely  allied  with  the  Hindoo  faith  ; 
but  dill'ers  essentially  in  its  ceremonies.  For  instance,  the 
Tibetians  assemble  in  temples,  chant  in  alternate  recitative 
and  chorus,  accompanied  by  instruments  of  music;  and  they 
have  numerous  monasteries,  inhabited  by  hosts  of  gglongs  or 
monks,  and  annees  or  nuns.  In  a  word,  they  resemble  the 
Catholics.  The  ruling  government  is  spiritual,  but  a  secular 
regent  manages  the  afiairs  of  the  half  million  of  people  who 
inhabit  Tibet.  The  revenue  of  the  Lama,  or  pope,  and  of  the 
secular  princes,  is  trilting.  And  it  is  a  remarkable  fact,  that, 
in  regard  to  polygamy  here,  the  women  indulge  themselves 
with  pluralities  of  husbands.  The  chief  city  is  Lassa.  seven 
miles  east  of  which  is  the  palace  of  the  Lama,  or  pope.  Bridges 
of  chain  are  common,  passing  from  precipice  to  precipice.  And 
though  there  is  a  great  want  of  industry,  the  shawls  of  Cash- 
mir  are  manufactured  from  the  goats'  hair  of  Tibet.  The 
climate  of  Bootan  is  temperate,  compared  with  that  of  Tibet 
Proper,  whose  distinguishing  characteristics  are  extreme  ari- 
dity and  parching  cold.  And  though  Bootan  be  covered  with 
eternal  verdure,  Tibet  Proper  presents  a  peculiarly  naked 
aspect,  indicative  of  rich  ores.  Its  abundance  and  variety  of 
wild  fowl  and  game,  its  Hocks  of  sheep  and  goats,  and  herds  of 
cattle,  have  been  noticed  by  all  travellers,  in  all  times.  The 
chief  river  is  tlie  Sampoo  or  Burrampooter,  but  many  of  the 
Asiatic  rivers  have  their  sources  in  Tibet,  whose  mountains 
are  the  Alps  of  Asia. 

Japan. — Japan  consists  of  several  islands,  extending  from 
the  30tli  to  the  41st  degree  of  north  latitude,  and  from  the  131st 
to  the  142d  degree  of  east  longitude.  The  chief  of  these  islands 
are  Nipon  and  Jcsso  ;  but  the  whole  are  divided  into  provinces 
and  districts,  with  as  much  method  as  the  most  civilized 
countries  of  Europe.  The  established  religion  is  polytheism  ; 
the  people  abstain  from  animal  food,  and  detest  bloodshed  ; 
and  viewing  the  gods  as  beings  dispensing  happiness,  they 
solemnize  their  festivals  and  modes  of  worship  with  cheerful- 
ness and  even  gaiety  ;  nor  are  they  without  monks  and  nuns 
of  different  orders,  as  in  Tibet.  The  government  is  monarchi- 
cal, and  each  -|irovince  is  ruled  by  a  resident  prince,  who,  in 
pledge  of  his  good  administration,  is  obliged  to  leave  his  family 
as  hostages  at  the  emperor's  court.  And  the  laws  being  few, 
but  rigidly  enforced,  without  regard  to  persons,  partiality,  or 
violence,  are  posted  up  in  every  town  and  village.  The  popu- 
lation amounts  to  thirty  millions  of  souls,  and  the  army  to 
600,000  horse  and  foot.  The  revenue  has  been  reckoned  thirty 
millions.  This  highly  civilized  people  use  no  wine  or  spiri- 
tuous liquors,  though  their  food  be  various  and  their  sauces 
numerous.  Their  dress  consists  of  trowsers  and  loose  gowns 
or  robes  of  silk,  worn  alike  by  both  sexes  ;  and  in  their 
games  and  theatrical  amusements  the  Japanese  rival  the  Euro- 
peans. In  varnishing  they  have  no  ecjuals,  and  in  some  ol 
their  arts  and  manufactures  they  excel  even  the  Uritish,  the 
Germans,  and  the  Chinese.  The  chief  town,  Jcdo.  i.i  on  the 
south-east  side  of  Nipon,  and  Miaco,  the  spiritual  capital,  is 
the  second  city  in  the  empire.  The  Dairi,  or  pope,  resides 
here,  and  here  also  all  books  are  printed  from  stereotype 
blocks.  Japan  is  exposed  to  a  copious  moisture,  from  the 
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rains  wbicli  fall  from  niidsunnner  to  autumn,  and  the  fertility 
of  the  country  may  be  attributed  to  this  cause ;  tempests,  hur- 
ricanes, and  carthqualics,  art' common.  Agriculture  is  hifthly 
esteemed  and  sedulously  euhivatcd,  even  on  the  mountains 
and  hills  ;  and  the  farmer  labours  under  no  restraint  from  taxes 
and  tithes.  Rice  is  the  chief  grain  ;  but  potatoes,  beans,  pease, 
turnips,  and  cabbages,  abound.  And  the  varnish  and  camphor 
trees,  the  vine  and  the  cedar,  and  the  tea-tree,  are  cultivated. 
Among  the  rivers  and  lakes  described  by  geograpliers  and 
travellers,  we  may  enumerate  the  Nogafa,  the  Jedogawa,  the 
Ojingawa,  and  the  Jodo,  as  celebrated  rivers;  and  one  of  the 
chief  lakes  seems  to  be  that  of  Oitz.  The  mountains  are 
numerous,  and  intermixed  with  many  sublime  volcanoes,  and 
the  delightful  sacred  mountain  of  Jesan  is  decorated  w  ith  no 
fewer  than  3000  temples.  Among  the  islands  dependent  on 
Japan,  is  Fatfifo,  the  place  of  exile  for  disgraced  grandees, 
and  political  offenders,  who  are  spared  capita!  punishment,  to 
ei>dure  the  more  severe  chastisement  of  perpetual  banishment. 

The  Birman  Empire. — The  Birnian  Empire  includes  the 
space  between  the  ytli  and  26th  degrees  of  north  latitude,  and 
between  the  9'2d  and  107lh  degrees  of  longitude  east  of  Green- 
wich ;  about  1020  geographical  miles  in  length,  and  900  in 
breadth.  Tlie  population  amounts  to  seventeen  millions ;  the 
government  is  de.<ipotic  ;  and  a  nobleman  is  distinguished  by 
the  number  of  chains,  three,  six,  nine,  or  twelve,  around  his 
neck.  The  religion  is  that  of  Brahma,  belief  in  the  transmi- 
gration of  souls,  and  eternal  happiness  in  Mount-Meru.  Their 
navy  resembles  the  Roman  galleys ;  and  their  army  is  incon- 
siderable, though  every  male  is  liable  to  military  service.  The 
liirmans  are  lively,  irascible,  and  impatient;  their  women  are 
laborious ;  hence  infidelity,  the  ofl'spring  of  idleness,  is  rarely 
known  among  them.  The  great  alone  are  educated,  the  poor 
are  totally  neglected.  The  chief  cities  are,  Ava,  the  ancient 
capital;  Ummerapoora,  the  new  capital,  resembles  Venice  in 
its  spires,  turrets,  and  obelisks.  It  is  built  on  the  eastern  side 
of  a  great  river  that  Hows  into  the  Irraw  ady,  amidst  numerous 
islets.  Pegu  is  known  chiefly  by  the  temples  which  Alompra 
spared  when  he  razed  the  city  in  1757.  The  Shomadoo,  an 
extraordinary  building  of  Pegu,  is  361  feet  high,  surmountid 
by  the  sacred  umbrella,  fifty-six  feet  in  circumference,  aud 
said  to  have  been  erected  600  years  before  Christ.  Rangoon, 
the  chief  sea-port,  contains  30,000  souls ;  Prome  is  celebrated 
as  the  scene  of  many  sieges  ;  and  Aracan,  Quantong,  Bamoo, 
Munnipora,  and  Monchaboo,  are  considerable  places.  The 
inland  navigation  is  most  ample,  from  the  numerous  rivers  and 
streams.  The  Birmans  excel  in  gilding,  and  in  carving  marble 
divinities.  The  seasons  are  regular,  the  climate  salubrious, 
and  the  people  vigorous  and  healthful.  The  chief  rivers  are, 
the  Irrawady,  which  joins  the  sea  by  many  mouths  ;  the  Keen- 
Duem,  the  Sitang,  and  the  Thaluan.  And  the  mountains  are 
those  on  the  frontiers  of  Tibet,  the  range  of  Anoupee,  between 
Ava  and  Aracan.  The  forests  are  large  and  numerous,  and 
covered  with  everlasting  verdure.  The  teak-tree  flourishes  as 
lord  of  the  wood,  in  majesty  of  form  and  amplitude  of  growth. 
While  in  comparison  of  the  Birman,  our  forests  sink  into  vege- 
tables of  an  inferior  order,  their  shrubs  and  plants  in  their  blos- 
soms and  fruits,  by  their  brilliant  colours  and  aromatic  fra- 
grance, reduce  to  relative  insignificance  the  boasted  produce 
of  Italian  summers. 

Aracan. — In  Aracan,  the  climate  is  pure,  the  plains  fertile, 
and  the  valleys  present  numerous  flocks  of  cattle  ;  but  the 
natives  are  averse  to  commerce  and  a  maritime  life.  The  Ara- 
cans  will  eat  rats,  mice,  and  serpents  ;  and  lish,  to  provoke 
the  palate,  must  be  out  of  season.  The  monarch  lives  in  soli- 
tude and  luxury  with  his  queen  and  harem,  which  he  thinks 
enriched  by  a  concubine  from  Jangoma,  a  small  kingdom  in 
the  vicinity  of  the  Birman  empire,  and  on  tlie  north  of  Siam. 
But  the  women  of  Jangoma  are  famed  in  all  the  east  for  their 
gallantry  and  beauty.  The  temples  resemble  pyramids,  and 
there  are  three  orders  of  priests,  living  in  perpetual  celibacy. 

Malaya,  or  Malacca. — Malaya  is  an  extensive  peninsula 
appended  to  the  Birman  territories,  and  divided  into  the 
kingdom  of  Patani  in  the  north,  and  thatof  Johor  in  the  south; 
the  chief  towns  being  Batnsabar,  the  capital,  Linga,  Bintam, 
and  Carimon.  Malacca  is  560  miles  long  and  150  broad;  the 
inhabitants  are  indolent  to  agricultural  pursuits,  but  restless 


for  war,  plunder,  emigrations,  and  affairs  of  gallantry  ;  and 
the  Malayan  history  is  full  of  desperate  enterprises,  that  suffi- 
ciently characterize  the  ferocity  of  these  Mahommedan  bar- 
barians. The  peninsula  of  Malaya  abounds  in  forests,  stocked 
with  abundance  of  wild  elephants,  whose  teeth  become  a  con- 
siderable article  in  the  commerce  of  the  natives  with  the  Dutch 
and  Portuguese.  Opposite  Malacca  are  the  islands  of  Anda- 
man and  Nicobar,  whose  iidiabitants  are  the  most  savage  in 
the  world ;  but  they  may  profit  by  the  example  of  British 
industry,  as  a  colony  has  been  formed  on  the  greater  Andaman 
for  convicts  from  Bengal. 

Siam. — Siam,  700  miles  long,  and  70  miles  in  medial  breadth, 
is  a  rich  and  flourishing  kingdom.  The  religion  resembles 
that  of  the  Hindoos  ;  t!io  government  is  despotic  ;  the  laws 
severe  ;  the  people  amount  to  eight  millions  ;  the  army  60,000, 
with  4000  elephants  ;  the  navy  is  numerous,  though  the  vessels 
are  mere  galleys  ;  and  there  is  a  royal  treasury,  but  its 
revenue  is  unknown  to  Europeans.  The  whole  country  is  a 
wide  vale  between  two  ridges  of  hills,  and  would  be  a  terres- 
trial paradise,  were  it  not  subject  to  an  absurd  despotism,  that 
cramps  industry,  and  would  annihilate  agriculture,  did  uot  vege- 
tation thrive  in  spite  of  the  worst  of  governments.  The 
Siamese  are  small  of  stature,  but  well  made  ;  and  their  feed- 
ing on  rats,  mice,  lizards,  and  several  kinds  of  insects  which 
we  loathe,  but  ill  accords  with  their  religion,  and  the  products 
of  a  country  which  exports  prodigious  quantities  of  grain.  Id 
all  «  orks  of  industry  the  women  are  emploj  ed,  while  the  men 
pass  away  their  time  at  theatrical  amusements,  races  of  oxen, 
combats  of  elephants,  cock-fighting,  tumbling,  wrestling,  rope- 
dancing,  and  exhibitions  of  fireworks. 

Laos,  Cambodia,  Siampa,  Cochin-China,  Tunquin. — Laos, 
though  surrounded  by  forests  and  deserts,  is  fertile  in  rice, 
and  furnishes  the  merchants  of  Cambodia  with  excellent  ben- 
zoin and  lacca,  musk  and  rubies,  gold  and  pearls  ;  and  the 
people,  in  their  religion  and  manners,  resemble  the  Siamese. 
Cambiidia  is  thinly  peopled  ;  the  capital,  Cambaja,  is  a  mere 
village  of  one  street,  with  a  single  temple  ;  and  though  the 
country  is  fertile  in  rice  and  animal  foi>d,  and  abounds  in  ivory 
and  precious  woods,  the  most  peculiar  product  is  gamboge 
gum,  well  known  to  artists  for  its  fine  yellow  colour.  Siampa 
is  a  small  maritime  country,  south-east  of  Cambodia,  and  its 
prince  is  tributary  to  Cochin-China.  Cochin-Cliina  presents 
an  extensive  range  of  sea-coast,  and  is  divided  into  distinct 
provinces.  Both  sexes  dress  alike,  in  loose  robes,  with  large 
long  sleeves,  cotton  tunics  and  trowsers,  with  a  turban  on  the 
head,  but  they  walk  barefooted;  yet  the  Chinese  display  not 
more  politeness  than  the  Cochinians.  Tunquin,  divided  from 
Cochin-China  by  a  small  river,  resembles,  in  its  people,  terri- 
tory, and  products,  the  Chinese  empire.  In  the  gulf  of  Tun- 
quin, tiiff'ons  are  frequent  and  tremendous.  They  are  preceded 
by  very  fine  weather,  a  presaging  cloud  appears  in  the  north- 
east, black  near  the  horizon,  edged  w  ith  copper  colour  on  the 
upper  part,  fading  into  a  glaring  white.  It  often  exhibits  a 
ghastly  appearance  twelve  hours  before  it  bursts;  its  rage  lasts 
many  hours  from  the  north-cast,  attended  with  dreadful  claps 
of  thunder,  large  and  frequent  flashes  of  lightning,  and  exces- 
sive hard  rains,  when  it  sinks  into  a  dead  calm  ;  after  which, 
it  begins  again  with  redoubled  rage  from  the  south-west,  and 
contiuues  an  equal  length  of  time. 

Hindostan. — Hindostan  extends  from  about  the  8th  to  theSiith 
degree  of  north  latitude,  or  1620geographical  miles;  and  from  the 
66lh  to  the  92d  degree  of  east  longitude,  or  1400  geographical 
miles.  The  population  of  this  extensive  portion  of  Asia  is  com- 
puted at  60,000,000  ;  and  the  religion  is  polytheism  ;  for  the  doc- 
trine of  the  Bramins,  or  priests,  teaches  belief  in  a  supreme  Crea- 
tor, too  ineflable  and  sublime  for  human  adoration,  which  is, 
therefore,  addressed  to  inferior,  but  great  and  powerfuldivinities. 
This  su])erstition  inculcates  four  casts  or  orders  of  the  people: 
1.  The  braniiu  (priest)  from  the  mouth  (wisdom)  of  Brahma, 
(the  supreme  ;)  hence,  the  priests  are  supreme: — 2.  The  cheh- 
teree,  from  the  arms,  (strength  ;)  to  draw  the  bow,  to  fight,  to 
govern  :  hence,  governors,  soldiers,  &c.  a  middle  class  : — 3. 
The  brice,  from  tlie  belly  and  thighs  (nourishment;)  to  provide 
tiie  necessaries  of  life  by  agriculture  and  trallic  :  hence  farmers, 
merchants,  &c. — 4.  The  sooder,  fiom  the  feet,  (subjection;)  to 
labour,  to  serve  :  hence,  the  slaves,  or  day-labourers,  &c.     The 
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Hindoos  believe  in  tlie  transmigration  of  the  soul,  and  there- 
fore abstain  from  animal  food,  yet  no  where  on  earth  are  fana- 
tical penances,  suicides,  and  superstitious  frenzies,  so  common. 
They  excel  in  the  manufacture  of  cotton  goods,  of  metals  and 
ivory,  and  shawls  of  Cashmir.  The  loom  in  which  cotton 
cloths,  or  shawls,  are  woven,  is  a  moveable  frame,  reared  with 
the  rising  sun,  beneath  some  shady  trees,  and  transported  to 
its  owner's  dwelling  when  the  shades  of  night  begin  to  leave 
the  warp  and  the  woof  alike  undistinguishable  to  the  crafts- 
men. The  native  products  are  rice,  sugar,  spices,  aromatics, 
drugs,  and  precious  stones.  The  climate  is  diversified  by  local 
situation,  as  is  also  the  aspect  of  this  wide  and  extensive 
country  ;  but  the  periodical  rains  and  intense  heats  produce 
luxuriance  of  vegetation  elsewhere  unknown,  and  none  can  be 
an  indill'erent  spectator  of  the  variety  and  richness  of  the  vege- 
table kingdom  of  Hindostan.  But  then  the  soil  is  in  many 
places  a  black  mould  four  feet  deep.  The  clrief  rivers  are  the 
Ganges  and  the  Indus,  the  Burrampootcr,  the  Sind6,  and  the 
Kistna,  or  sacred  siream.  The  lakes  are  few,  and  consist 
chiefly  of  Colair,  twelve  miles  north  of  Masulipatam  ;  Chilka, 
a  salt  creek,  communicating  with  the  sea,  as  is  also  Pulicat ;. 
and  Cashmir,  supposed  originally  to  have  been  a  large  lake, 
still  boasts  the  Oullar,  or  Tall,  fifty-three  miles  in  circuit.  The 
chief  mountains  are,  the  southern  Tibetian  Alps,  shrouded  in 
eternal  snow,  and  hence  called  the  Iliinmala;  and  the  Gauts 
'  of  Hindostan.  Few  maps  can  be  relied  on  respecting  the 
mountains  of  Hindostan  ;  for  in  many  instances  the  most  recent 
are  copied  from  the  antiquated  conjectures  of  D'Anville.  The 
forests  of  Hindostan  are  large  and  exuberant  of  vegetation  ; 
but  the  loftiest  tree  is  the  palm.  The  cocoanut  tree  the  most 
widely  dilfused  ;  the  cotton-tree,  the  banyan,  the  teak-tree,  and 
the  tamarind,  with  a  numerous  botanical  collection,  which  we 
forbear  to  mention.  The  countries  on  the  Ganges  are  the  pro- 
vinces of  Bengal,  Bahar,  Allahabad,  Oude,  Agra,  with  part  of 
Delhi  and  Agimere,  and  of  Malwa  in  tlie  south,  once  the  chosen 
seats  of  the  Mogul  power.  Bengal,  Bahar,  with  Benares,  and 
some  other  districts  to  the  west,  are  in  the  possession  of  the 
British.  This  extent  of  territory  is  not  very  exactly  defined, 
and  the  population  is,  perhaps,  not  accurately  estimated  at 
ll,000,00(t  of  black  subjects.  The  clear  revenue  has  been  given 
at  one  million  and  a  half;  yet  the  East  India  Company  has 
not  been  able  to  go  on  without  parliamentary  interference  ;  and 
government  has  a  Board  of  Control  to  watch  over  the  Com- 
pany's proceedings.  The  government  of  Bengal  is  vested  in  a 
governor-general,  who  controls  also  the  inferior  governments 
of  Madras  on  the  east,  and  Bombay  on  the  west,  with  Ben- 
coolen  in  the  island  of  Sumatra.  The  British  army,  supported 
by  the  native  infantry  and  cavalry,  is  now  numerous  ;  though 
the  battle  of  Plassey,  which  established  us  in  India,  in  1757, 
was  won  by  the  invincible  army  of  900  Europeans ;  or  in  the 
ratio  of  1  Biitisb  soldier  to  11 J  Hindoos.  The  chief  cities  are, 
Calcutta,  the  grand  capital  of  British  Asia  ;  Patna,  the  capi- 
tal of  Bahar,  400  miles  north-west  of  Calcutta ;  Benares,  on 
the  northern  bank  of  the  Ganges,  and  460 miles  from  Calcutta; 
Allahabad  is  the  ancient,  and  Lucknou  the  present,  capital  of 
Oude  ;  Agra,  Delhi,  and  Agimere.  The  countries  on  the  river 
Sindeh,  or  Indus,  are  part  of  the  provinces  of  Delhi  and  Agi- 
mere, the  provinces  of  Moultan,  Lahore,  Cashmir,  Cabul,  Can- 
dabar,  and  Sindi,  at  the  mouth  of  the  Indus.  The  chief  cities 
are,  Lahore,  Cashmir,  Cabul,  Ghisni,  Candahar,  Moultan,  and 
Tatta.  Lahore  is  the  capital  of  the  Seiks,  a  new  religious  sect. 
Cashmir  is  a  filthy  place,  though  the  adjacent  country  is  a  deli- 
cious vale.  The  central  division  of  Hindostan  comprehends  the 
provinceof  Orissa,  with  part  of  Golconda,  Berar,  Dowlahabad, 
Candeish,  Guzerat,  and  some  other  districts  of  inferior  note. 
The  Sircars,  British  provinces,  skirt  the  eastern  shore.  The  chief 
towns  are,  Amedabed,  the  capital  of  Guzerat,  and  Camhay,  its 
sea-port ;  Surat,  whose  inhabitants  are  chielly  Moors,  Persians, 
Monguls,  and  Turks;  Bombay,  situated  on  a  small  but  well 
fortified  island,  with  the  isles  of  Salfatte,  and  Elephanta  ;  Bur- 
hampour,  Nagpour,  Poona,  Masulipatam,  and  Aurungabad, 
once  the  capital  of  the  Deccan.  The  southern  division  of 
Hindostan  is  called  the  Deccan,  extending  from  the  latitude 
of  Bombay,  or  ISi-  degrees  north,  to  the  southern  point  of  Cape 
Comorin.  This  part  of  India  nearly  contains  the  whole  pro- 
vince of  Visiapour,  part  of  Golconda,  the  central  kingdom  of 


Mysore,  the  long  eastern  province  of  Carnada,  or  the  Carnatic, 
the  principalities  of  Tanjore,  Travancore,  and  the  Samorins  of 
Calicut,  the  pepper-coast  of  Canara,  and  other  districts  of 
minor  note,  with  the  island  of  Ceylon.  In  the  Deccan  the 
British  power  and  inlluence  are  amazingly  extensive ;  for, 
besides  Madras,  and  its  adjacent  territory,  the  possessions  of 
the  East  India  Company  in  the  south  of  Hindostan,  yield  only 
in  extent  to  those  of  the  north  on  the  Ganges.  The  chief  cities 
are,  Seringapatam,  Salem,  and  Attore,  in  the  east;  Dindigul, 
Coimbetore,  and  Palicaud,  on  the  south  ;  Paniany,  Ferokabad, 
and  Calicut,  on  the  western  side  ;  and  on  the  north,  Tellicherri, 
Mangalore,andCarwar.  Arcot  is  the  capital  of  the  Carnatic,  or 
of  Carnada.  Tranquebar  is  a  Danish  settlement  in  Tanjore  ; 
Pondicherri  was  originally  a  French  settlement.  Vasco  de 
Gania  died  at  Cochin,  on  the  Malabar  coast,  in  \,''y25  ;  and  Goa 
is  the  noted  scat  of  the  horrible  inquisition.  Ceylon  is  about 
the  size  of  Ireland,  or  260  by  150  miles  ;  and  is  important 
chielly  in  a  commercial  view,  from  its  celebrated  cinnamon 
and  gums.  The  religion  is  the  ancient  worship  of  Boodh.  The 
population  is  not  numerous,  and  the  Ceylonese  allow  to  the 
women  a  polygamy  of  the  males,  as  in  Tibet.  The  principal 
towns  are,  Kandi  in  the  heart  of  the  island,  Colombo,  and 
Trincomali,  celebrated  chielly  for  its  harbour.  The  air  is  cool 
and  salubrious,  and  the  mountainous  districts,  in  the  centre  of 
the  island,  are  covered  with  prodigious  forests,  stocked  with 
aromatic  trees,  and  the  most  odoriferous  plants.  The  soil  of 
the  vales  is  rich,  fertile  in  rice  and  useful  vegetables  ;  and 
numerous  pleasant  rivers,  and  delightful  streams,  diveisify 
this  isolated  paradise,  swarming  with  peacocks  and  other 
elegant  birds.  The  Mahonimedans  believe  Ceylon  to  have 
been  the  residence  of  Adam.  The  Laccadive  and  Maldive  isles 
are  near  the  coast  of  Hindostan.  The  latter,  more  than  1300 
in  number,  are  governed  by  a  chief,  called  Atoll,  and  produce 
cowrie-shells,  cocoa-nuts,  and  fish ;  the  former,  thirty  in 
number,  trade  in  cocoa-nuts,  fish,  and  ambergris. 

Persia. — Persia  may  be  considered  as  divided  into  the  eastern 
and  western  empires,  and  the  independent  provinces,  near  the 
Caspian  sea.  From  east  to  west  its  length  is  about  1200  miles, 
and  1000  broad  from  north  to  south.  "The  population  is  about 
10,000,000,  of  which  6,000,000  are  assigned  to  the  western,  and 
4,000,000  to  the  eastern  empire.  The  religion  is  thcMahomme- 
dan,  but  there  are  still  some  Parsecs,or  worshippers  of  fire,  near 
Baku,  and  at  a  place  called  Gusberabad,  near  Ispahan.  The 
government  is  despotic,  but  its  administration  in  Pandehar, 
the  eastern  empire,  is  extremely  mild.  The  revenue  is  esti- 
mated at  3,000,000/.  sterling.  The  provinces  are,  Georgia, 
Erivan,  Aderbijan,  Ghilan,  Mazcndran,  Irac-Ajemi,  Chosistan, 
Fars,  or  Persia  Proper,  Kerman,  Laristan,  Mekran,  Scgistan, 
Corasan ;  Balk  and  Great  Bucharia  belong  rather  to  Inde- 
pendent Tartary.  Persia  is  destitute  of  a  navy,  though  enjoy- 
ing a  great  extent  of  sea-coast ;  and  the  maritime  commerce  is 
chiefly  in  the  hands  of  foreigners,  because  the  natives  love 
rather  to  attend  to  their  studs  of  horses,  and  the  diversions  of 
the  chase,  than  to  improve  their  o»  n  property,  or  to  promote 
the  prosperity  of  their  country.  The  Persians  are  polite, 
hospitable,  wise,  and  sagacious  ;  the  men  strong  and  robust, 
remarkable  for  cleanliness,  but  subject  to  disorders  of  the  eyes. 
The  women  are  very  beautiful;  and  amidst  their  abject  super- 
stitions we  notice  chiefly  astrology,  that  proud  sophistry,  w  liich 
links  the  momentary  existence  of  man  with  the  eternal  laws  of 
far  distant  suns  and  worlds.  The  chief  cities  are,  Ispahan, 
the  capital;  Huraz,  celebrated  for  its  delicious  climate,  and 
the  exquisite  salubrity  of  its  atmosphere,  perfumed  by  numer- 
ous fragrant  flowers,  and  filled  with  the  divine  notes  of  the 
bulbul,  or  oriental  nightingale.  Tiflis,  the  c;ipital  of  Georgia, 
is  famous  for  its  hot  springs,  and  trade  in  furs  ;  Derbcnt,  on 
the  Caspian  sea,  is  productive  of  excellent  grapes  ;  Erivan, 
the  capital  of  Persian  Armenia,  is  not  far  from  Mount-Ararat ; 
Tauriz,  in  Aderbijan,  is  noted  for  its  bazaars  ;  and  B.nsht  and 
Sari  are  the  capitals  of  the  Caspian  provinces,  Ghilan  and 
Mazendran.  Persia  is  famed  for  its  carpets,  its  embroidery, 
porcelain,  leather,  sabres,  silk,  and  bows,  the  trustiest  in  all 
the  east.  The  climate  is  diversified,  hut  excellent  for  the 
human  constitution.  The  most  singular  feature  in  the  ince  of 
the  country,  is  its  grand  division  into  livo  parts,  by  mountains 
and  deserts ;    and  hence,  though   the  northern  provinces  are 
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rich  and  fertile,  those  of  the  south,  and  even  the  centre,  are 
unfertile,  without  extreme  care  to  iirig:ation.  The  chief  rivers 
are,  the  Euphrates  and  the  Tigjris,  the  Divrud  and  the  (iihon, 
the  Zeuderiid,  which  passes  by  Ispahan,  and  the  Bundaniir, 
between  Shirez  and  Iskakar.  The  principal  lakes  are  those  of 
Zer6,  or  Durra,  in  Segistan;  the  salt  lake  of  Baktegan,  fifty 
miles  east  of  Shirez,  lakes  Urmia  and  Erivan.  And  the  moun- 
tains most  deserving  of  notice  are,  the  Caucasus,  to  the  west 
of  Ghilan,  and  the  south  of  Mazcndran  ;  the  Persian  Gulf  chain ; 
the  grandest  range  is  south  of  lake  Urmia,  where  it  is  joined 
to  the  Caucasus  ;  Mount-Ararat ;  Hetzardara,  or  the  thousand 
mountains.  The  forests  of  Persia  abound  with  deer,  bears, 
boars,  lions,  tigers,  and  antelopes ;  the  mountains  with  wild 
goats;  the  numerous  wastes  swarm  with  hares,  wild  asses, 
and  hycenas  ;  aud  the  flocks  of  large-tailed  sheep  augment  in 
Erivan,  The  partridges  are  large  and  plentiful,  and  the 
pigeons  excellent.  Among  the  natural  curiosities  of  Persia, 
the  most  remarkable  is  the  inflammable  naphtha,  or  pure  rock- 
oil,  found  in  the  neighbourhood  of  Baku,  on  the  western  coast 
of  the  Caspian  sea.  Ormus  is  the  most  noted  of  the  Persian 
isles,  though  it  be  now  abandoned  ;  and  famous  chiefly  for  its 
salt,  which  is  collected  on  the  rocks,  from  the  spray  of  the 
sea,  in  a  fit  state  for  the  table.  Gombroon,  or  Kishma,  and 
Karek,  are  ports  of  some  importance  in  the  Persian  Gulf. 

Independent  Tartary.— This  singular  region  extends  from 
the  Caspian  sea  to  the  mountains  of  Belur,  or  870  miles  east 
and  west;  and  from  the  mountains  of  Gaur  in  the  south,  to  the 
Russian  boundaries,  on  the  north  of  the  desert  of  Issira,  or 
about  1500  miles.  The  chief  divisions  are,  the  barren  plains 
in  the  north,  inhabited  by  the  several  hordes  of  Kirguses,  called 
anciently  Turkistan  ;  Ilak  and  Shash,  the  most  northern  pro- 
vinces on  the  Sibon,  are  on  the  south  of  the  Argun  mountains; 
Fregana  and  Orushua,  with  the  kingdom  of  Kharizm  ;  south  of 
the  Ak-Tau,  or  white  mountains,  are  the  fertile  provinces  of 
Sogd,  Balk,  Kilau,  Tokarestan,  and  Gaur.  The  chief  towns 
are,  Cashgar  and  Yarcaud,  Axii  and  Yulduz,  or  Karashar, 
(the  black  city  ;)  Turfan,  and  Hami,  or  Camil.  The  prevailing 
religion  is  the  Mahommedan.  The  inhabitants  are  polite  and 
benevolent  Kirguses,  about  half  a  million  of  souls,  Bucharians 
and  Kalmuck  Tartars,  expert  in  the  lance, the  sabre,  and  the  bow. 
The  desert  of  Issim  divides  the  Kirguses  from  Siberia  ;  aud  the 
three  great  hordes  of  these  people  live  in  tents,  leading  a 
wandering  life,  regarding  each  other  as  brethren,  rearing  vast 
herds  of'cattle  and  horses,  and  deli;;hting  in  the  chase  of 
wolves,  foxes,  badgers,  antelopes,  wild  asses,  chamois,  and 
tigers.  The  Kirgusians  trade  with  Russia,  supplying  annually 
150,000  sheep,  vast  troops  of  horses,  and  abundance  of  wool  ; 
and  in  exchange  they  receive  clothes  and  furniture,  and  from 
Bucharia  arms  and  coats  of  mail.— Khanrizra,  a  province  of 
independent  Tartary,  extends  from  the  Gihor  to  the  Caspian 
sea,  about  350  miles  long,  by  as  many  broad;  its  chief  town  is 
Khiva.  Khiva  is  seventeen  days'  journey  from  the  Caspian 
sea,  and  thirty-three  from  Orenburg.  The  coasts  of  the  Cas- 
pian are  held  by  Turkomans  in  the  north,  and  Uzbeks  in  the 
south. — Great  Bucharia,  the  most  important  part  of  Indepen- 
dent Tartary,  extends  700  miles  in  length  from  north  to  south, 
and  350  miles  in  breadth  from  east  to  west.  The  mountains 
of  Argun  bound  it  on  the  north,  the  river  Arnui  on  the  west, 
and  on  the  south  and  east,  the  mountains  of  Gaur  and  Belur. 
The  religion  is  the  Mahommedan ;  the  government  is  despotic  ; 
and  the  Uzbeks  and  Bucharians  are  the  most  spirited  and 
industrious,  amidst  surrounding  barbarians.  But  the  Bucha- 
rians never  bear  arms,  though  the  women  of  the  Uzbecks,  sur- 
passing those  of  the  other  Tartars  in  beauty,  fail  not  tc  follow 
their  lords  to  the  field  of  battle.  The  provinces  of  Great 
Bucharia  are,  Fergana,  Andegan,  Sogd.  Kottan  and  Kilan, 
Tokarestan,  and  Gaur.  And  the  chief  cities  are,  Samarkand, 
Bokhara,  Balk,  Zouf,  or  Gaur,  Badakshan,  and  Kotlan.  Sa- 
markand was  famous  for  its  manufacluro  of  silk  papi'r,  as  eaily 
as  A.D.  650;  Bokhara,  for  its  tine  linen,  was  distinguished  even 
in  the  tenth  century;  Balk,  for  its  lieautiful  silks;  Gaur,  for 
its  rich  quarries  of  lapis  lazuli;  and  Badakshan,  included  in 
the  Belur-Alps,  was  used  as  a  state-prison,  for  rivals,  or  insur- 
gents, against  the  khan  of  Great  Bucharia.  Situated  in  the 
parallel  of  Spain  and  Greece,  the  climate  of  Bucharia  is  excel- 
lent.    The  soil  adjacent  to  the  rivers  is  fertile,  but  neglected. 


The  chief  rivers  are,  the  Armu,  and  Sirr,  or  Shash  ;  the  island 
seas  arc  the  seas  of  Aral  and  Baikal,  and  the  lakes  are  those  of 
Tengis  and  Balkash  ;  and  the  chief  mountains  are  those  of 
Belur,  of  Gaur,  the  Ilindoo-Kob,  of  Argun,  of  Kara-Tan,  and 
Ak-Tau.  Ebu  Haukal  says,  all  the  families  of  Independent 
Tartary  are  but  one  house  ;  and,  in  Sogd,  he  saw  a  great 
building,  whose  doors  were  fastened  back  with  nails  against 
the  walls,  continuing  thus  open  night  and  day,  for  above  100 
years,  that  strangers,  who  should  arrive  at  the  most  unseason- 
able hours,  might  find  no  obstacle  to  enter,  and  receive  every 
thing  necessary  both  for  man  and  beast. 

Arabia. — Arabia,  bounded  by  the  Red  Sea,  the  Indian  Ocean, 
and  the  Persian  Gulf,  on  the  west,  south,  and  east,  and  on  the 
north  by  the  Mediterranean  and  Palestine,  is  about  ISOO  miles 
from  north  to  south,  and  800  broad.  The  centre  of  Arabia  is 
a  vast  desert.  The  provinces  situated  on  the  sea-coast  are 
fertile  in  millet,  barley,  beans,  lentils,  rape,  sngar-cane,  tobacco, 
cotton,  valuable  spices,  pomegranates,  melons,  and  coflTee.  The 
religion  is  the  Mahommedan,  but  a  new  sect,  called  Wahabees, 
has  made  considerable  progress.  This  sect  has  derived  its 
name  from  one  Abdul  Waheb,  a  sheik,  or  imam,  in  the  pro- 
vince of  El-Ared.  A  sheik  (old  man)  is  a  governor  of  a  pro- 
vince, and  an  imam  (vicar)  is  an  ecclesiastical  ruler,  as  the 
twelve  imams,  the  genuine  successors  of  Mahomet,  in  Persia. 
In  Arabia,  an  imam  is  a  calif,  or  prince  of  the  faithful.  The 
Arabians  are  polite  and  hospitable,  temperate  in  eating,  and 
abstemious  of  wine.  The  w  omen  dye  their  nails  of  a  scarlet 
colour,  their  feet  and  hands  of  a  yellowish  brown,  and  no  art 
is  left  unemployed  to  make  the  eye-brows  large  and  black. 
Many  of  the  poorest  people  read  and  write,  as  education  is 
attended  to  very  generally,  and  the  chief  cities  are  celebrated 
for  colleges  and  academics.  The  holy  cities  are  Mecca  and 
Medina.  Gedda,  a  sea-port,  forty  miles  distant  from  Mecca, 
was  famous  in  ancient  times,  when  the  markets  of  Saana  and 
Merab,  and  the  harbours  of  Oman  and  .\den,  received  the 
precious  cargoes  of  aromatics  brought  thither  by  the  hardy 
camels  of  the  Koreishites.  Now,  INIecca,  the  birth-place  of 
Mahomet,  is  governed  by  a  sherif,  who  is  a  temporal  prince; 
and  Medina,  200  miles  north  of  Mecca,  contains  the  tomb  of 
the  prophet.  Sana,  in  Yemen,  at  the  foot  of  a  mountatn 
called  Nikkum,  about  four  miles  in  circuit,  is  now  the  chief 
city  of  Arabia.  .Mocha  is  noted  for  its  having  one  glass-house. 
The  chief  livers  are,  the  Euphrates  and  the  Tigris,  flowing 
through  Irak- Arabia;  and  the  chief  range  of  mountains  pro- 
ceeds in  tlie  direction  of  the  Red  Sea,  while  the  hills  of  Omon 
are  merely  a  continuation  of  those  on  the  other  side  of  the 
Persian  Gulf.  Mount-Sinai  is  in  Arabia-Petraea  ;  and  in  the 
country  of  Segcr  there  is  a  range  of  hills  famous  for  producing 
frankincense.  The  horses  of  Arabia  have  long  been  celebrated  ; 
and  the  Kochlani  breed  are  direct  from  the  stalls  of  Solomon. 
But  the  chief  animal  is  the  camel,  the  ship  of  the  desert.  And 
the  woods  of  Yemen  abound  in  numerous  monkeys  ;  the  jei- 
boa,  or  rat  of  Pharaoh,  is  found  in  Neget ;  and  wherever  the 
mountains  originate  springs,  to  scatter  verdure  and  fragrance, 
the  antelope  is  there ;  and  the  wild  oxen,  wolves,  foxes,  and 
boars,  pasture  the  woods,  or  prey  on  their  inmates.  The  islands 
belonging  to  .\rabia,  are  Socotra,  in  the  Arabian  Gulf,  or  Red 
Sea,  about  240  miles  from  the  southern  coast,  and  celebrated 
for  its  aloes  ;  and  the  isle  of  Bahrin,  in  the  Persian  Gulf,  noted 
for  its  productive  pearl  fishery. 

The  Asiatic  Islands. — These  islands  comprise  those  of  the 
oriental  archipelago;  Australasia,  and  Polynesia.  In  the 
archipelago  are  the  islands  of  Sunda,  or  the  Surantran  chain, 
comprising  Sumatra,  Java,  Balli,  Lombok,  Sumbava,  Floras, 
and  Timor.  Sumatra,  950  miles  long,  and  200  broad,  has  an 
English  settlement  at  Bcncooleu.  Though  frost,  snow,  and 
hail,  be  unknown,  the  inland  inhabitants  of  the  mountainous 
districts  use  fire  to  dispel  the  cold  ;  for  true  it  is  that  a  man 
may  be  frozen  to  death  in  the  torrid  zone.  But  these  inland 
races  are  savages,  covered  with  red  hair,  and  little  superior  to 
the  orang-outangs  of  Borneo.  The  elephant,  the  rhinoceros, 
the  hippopotamus,  the  tiger,  the  bear,  the  otter,  the  porcupine, 
the  wild  hog,  and  the  civet  cat  ;  herds  of  deer  and  troops  of 
monkeys  ;  wild  poultry,  the  Argus  pheasant,  and  swarms  of 
destructive  termites,  comprise  part  of  its  zoology.  Java,  630 
miles  long  by  100  broad,  is  well  known  for  its  Dutch  capital, 
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Batavia,  which  is,  in  fact,  the  metropolis  of  the  eastern  archi- 
pelago. But  Java  is  an  unhealthy  place,  and  "of  three  settlers 
it  is  rare  that  one  outlives  the  year;"  yet,  to  Batavia,  Euro- 
peans and  Chinese  resort,  the  latter  being  contented,  for  the 
sake  of  gain,  to  forget  the  tombs  of  their  ancestors,  and  the 
laws  of  Confucius,  which  interdict  emigration.  Balli  furnishes 
slaves  and  cotton,  the  others  spices  ;  and  the  people  of  Timor 
are  the  bravest  of  these  Oriental  islanders. — Borneo,  except 
New  Holland,  is  the  largest  island  in  the  world,  being  9iJ0 
miles  in  length,  by  600  in  breadth.  The  coasts  are  possessed 
by  Malays,  Moors,  Macassars,  from  Celebez,  and  even  .Japa- 
nese. The  natives  in  the  interior  are  blacks,  called  Biajos, 
•with  lanky  hair,  of  middle  size,  feeble,  and  inactive.  Thou- 
sands of  ourang-outangs  are  seen  amidst  the  swamps  and 
forests  of  this  island.  A  knight  of  Borneo  is  known  by  his 
string  of  tigers'  teeth,  a  chief  of  a  tribe  by  having  two 
of  his  front  teeth  replaced  by  two  gold  teeth.  The  capital  of 
the  island  consists  of  .3000  houses  built  on  posts,  fixed  in 
rafts,  which  are  moored  to  the  shore,  and  may  be  moved 
from  place  to  place,  according  to  the  convenience  or  the 
caprice  of  the  owners.  The  Manillas,  or  Phillippine  islands, 
occupy  a  space  of  20°  of  latitude,  in  the  longitude  of 
120°  and  1.30°  east  of  Greenwich ;  and  form  a  north-eastern 
frontier  to  the  island  of  Borneo.  Luzon,  the  largest  of  these 
islands,  is  500  miles  long,  and  100  broad;  and  its  chief  city, 
Manilla,  boasts  a  population  of  12,000  Christians,  mostly  Spa- 
niards. For  it  was  between  this  island  and  Acapulco,  that 
the  Spanish  galleons  carried  on  their  celebrated  commerce, 
through  a  space  of  8,400  miles  of  the  ocean. — Mindanao  is 
mountainous,  but  the  vales  are  rich,  being  watered  by  niumer- 
ous  crystalline  rivulets  ;  and  horses  and  buffaloes  swarm  in  the 
interior.  The  remaining  Phillippine  islands  are,  Pulawain, 
Mindoro,  Pani,  Buglas,  or  the  Isle  of  Negroes,  Zebu,  or  Leita, 
and  Samar.  Maetan,  a  small  isle,  on  the  east  of  Zebu,  is  the 
place  where  the  celebrated  navigator,  Magellan,  was  slain. 
These  islands  present  many  volcanic  appearances ;  such  as  lava, 
\olcanic  glass,  sulphur,  and  hot  springs;  and  the  bread-fruit 
extends  its  beneficial  arms  to  the  hundreds  of  islands  that 
sprinkle  the  Indian  and  Pacific  oceans. — The  Celebezian 
Group,  or  the  isles  of  Poison,  are  Celebez,  Sanguy,  Shullas, 
Peling,  Boutan,  and  Sala.  Celebez  is  600  miles  long,  and 
about  60  broad,  considering  the  extensive  bays  that  cliequer 
its  coast.  In  its  centre  there  are  several  live  volcanoes. 
From  the  mountains,  rivers  precipitate  themselves  over  vast 
rocks.  The  natives  are  called  Macassars,  and  are  famed  most 
for  their  pusillanimous  attacks  on  solitary  vessels,  with  lances 
and  arrows,  poisoned  with  the  juice  of  the  deadly  upas. 
Though  these  islands  produce  spices  and  rice,  their  botany  is 
full  of  poisonous  trees  and  plants. — The  Moluccas  are,  Ternah, 
Tidorc,  Motir,  Makian,  and  Bakian.  Ternah  is  the  retreat  of  the 
kingfisher,  clothed  in  scarlet  and  mazareen  blue;  Tidore  boasts 
five-and-twenty  mosques,  and  its  sultan  claims  tribute  of  Gilolo; 
Motir  is  the  seat  of  Venus  and  voluptuousness;  Makian  rises 
out  of  the  sea  like  a  sugar-loaf ;  and  Bakian  is  famed  for  its 
prodigious  rocks  of  coral,  of  infinite  variety  and  beauty. — The 
Spice  Islands,  are  Gilolo,  Ceram,  Bouro,  Mortay,  Oubi,  Mysol, 
Araboyna,  and  Banda.  Gilolo,  once  governed  by  a  sheref  from 
Mecca,  proves  how  far  the  Mahommedan  conquests  had 
extended.  The  natives  are  good  weavers,  and  have  plenty 
of  oxen,  buffaloes,  goats,  deer,  and  wild  hogs,  with  bread-fruit 
and  sago  trees.  Ceram  abounds  in  clove  trees,  and  large 
forests  of  sago  trees ;  Bouro  possesses  the  civet  weasel, 
green-ebony,  iron-wood,  &c. ;  Mortay  is  full  of  sago  trees ; 
Mysol  of  birds  of  paradise  ;  Oubi  produces  cloves;  Amboyna 
boasts  of  a  population  of  17,800  Dutch  Protestants;  and 
27,000  Mahommedans,  Chinese,  and  savages.  The  clove 
tree  in  this  island  grows  to  the  amazing  height  of  forty  or 
fifty  feet,  and  will  yield  thirty  pounds  weight  annually. 
But  Banda  is  the  chief  isle  in  this  group,  furnishing  160,01)0 
pounds  weight  of  nutmegs,  and  46,000  pounds  of  mace  annually. 
The  nutmeg  tree  grows  to  the  size  of  the  pear  tree  in  our 
orchards;  its  leaves  resemble  those  of  the  laurel;  and  from  the 
age  of  10  to  100  years  it  bears  fruit.  The  nutmeg,  on  the  tree, 
is  about  the  size  and  colour  of  an  apricot,  but  siiapcd  like  a 
pear.  When  ripe,  the  rind  bursts,  and  discovers  the  mace,  of 
a  deep  red,  covering  in  part  the  thin  shell  of  the  nutmeg. 
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Australasia. — Australasia  contains  New  Holland,  Papua,  or 
New  Guinea,  New  Britain,  and  New  Ireland,  with  the  Solomon 
Isles  ;  New  Caledonia,  and  the  New  Hebrides,  New  Zealand  ; 
and  Van  Dieraen's  Land.  New  Holland  is  the  largest  island 
in  the  world,  and  some  progress  is  now  making  in  explorinsf 
its  interior.  From  east  to  west  it  is  2,730  miles  over ;  and 
from  north  to  south  1,960  miles.  The  original  inhabitants  are 
harmless  savages,  grossly  ignorant,  believing  in  magic,  witch- 
craft, and  ghosts!  At  Port  Jackson  a  colony  has  been  formed 
for  British  convicts ;  but  numerous  free  settlers  are  now 
established  on  the  island,  and  it  will,  ere  long,  be  famous, 
since  the  breed  of  sheep  there  rivals  the  Spanish  Alerinos,  and 
the  soil  is  excellent  for  grain.  Papua,  or  New  Guinea,  par- 
takes of  the  opulence  of  the  Moluccas,  with  their  singular 
varieties  of  plants  and  animals.  And  in  the  interior  a  race  of 
savages,  called  Haraforas,  live  in  trees,  which  they  ascend  by 
a  notched  pole,  drawing  it  after  them,  to  prevent  surprise. 
The  women  are  industrious,  the  men  indolent,  but  fond  of  orna- 
ments, as  the  tusks  of  boars  around  their  necks,  and  feathers 
of  the  bird  of  paradise  stuck  in  their  woolly  hair.  Papua  is 
the  chosen  abode  of  that  splendid  bird,  of  elegant  parrots,  and 
the  crowned  gigantic  pigeon,  nearly  as  big  as  a  Norfolk  turkey. 
New  Britain  resembles  Papua  in  its  inhabitants  and  products. 
The  canoes  of  New  Ireland  are  ninety  feet  long,  formed  out  of 
singletrees;  and  the  inhabitants  of  the  Solomon  isles  orna- 
ment their  necks  with  gold  beads.  New-Caledonia,  and  the 
New  Hebrides,  have  more  intelligent  inhabitants  than  we  have 
lately  been  among,  for  their  houses  have  carved  door-posts, 
and  the  women  are  more  chaste  than  in  the  other  isles  of  the 
Pacific.  Plantains,  sugar-canes,  yams,  and  several  kinds  of 
fruit-trees,  are  found  in  the  Hebrides,  whose  natives  are  very 
dexterous  in  launching  the  spear,  with  unerring  certainty. 
New  Zealand  consists  of  two  large  islands,  which  enjoy  a  tem- 
perate climate,  equal  to  that  of  France  ;  and  the  people  believe 
that,  the  third  day  after  they  inter  their  dead,  the  heart  is 
separated  from  the  body,  and  carried  to  the  clouds  by  an 
attendant  spirit.  Van  Diemen's  Land,  an  island  situated  south 
of  New  Holland,  is  about  160  miles  long,  and  80  broad.  The 
natives  and  the  products  resemble  those  of  New  Zealand  and 
New  Holland. 

Polynesia. — Polynesia  is  divided  into  the  following  islands, 
or  groups. — The  Pellew  Islands,  inhabited  by  a  gentle  and 
amiable  race  of  industrious  savages  ;  the  gay  and  innocent 
children  of  nature,  united  in  one  large  family,  by  that  concen- 
tration of  society  which  small  islands  impose  on  their  natives. 
The  Latlrones,  or  Marians,  of  which  the  largest  are  Guam  and 
Tinian,  are  inhabited  by  a  people  who  resemble  the  natives  of 
the  Phillippines.  These  islands  are  fourteen  in  number,  but 
only  three  are  inhabited.  North  of  the  Ladrones  are  many 
small  islands,  with  a  few  scattered  islands  on  the  north  of  tlie 
Carolines,  that  have  not  been  classed  and  named.  The  Caro- 
lines, about  thirty  in  number,  are  very  populous,  and  the 
natives,  like  those  of  the  Phillippines,  live  cliielly  upon  fish 
and  cocoa-nuts.  The  three  principal  of  these  islands  are,  Hog- 
oleu.  Yap,  and  Ulea.  The  Sandwich  Isles  were  discovered  by 
Captain  Cook,  at  the  chief  of  which,  Owhyhee,  he  lost  his  life. 
The  inhabitants  are  mild,  afi'able,  and  ingenious,  but  human 
sacrifices  are  frequent.  The  climate  is  more  temperate  than 
that  of  the  West  Indies.  Dogs,  hogs,  and  rats,  arc  the  native 
quadrupeds.  The  birds  are  jiigeons,  plovers,  owls,  and  ravens. 
The  bread-fruit  tree  abounds,  and  sugar-canes  grow  to  an 
amazing  size.  The  Marquesas  boast  no  island  half  so  large  as 
Otaheite.  Noabeva,  the  chief  island  of  the  Marquesas,  is  only 
about  sixty  miles  in  circumference.  The  natives  possess  the 
most  exquisite  symmetry  of  shape  and  regularity  of  features, 
and  the  women  are  as  fair  as  the  females  in  Italy  and  Spain  , 
l)ut  mutual  slaughter  and  human  sacrifices  prevail.  The 
Society  Islands  amount  to  about  seventy  in  number,  of  which 
Otaheite  is  the  chief,  being  about  120  miles  in  circumference. 
The  men  are  olive-coloured,  the  women  brunettes,  with  fine 
black  eyes,  white  and  even  teeth,  soft  skin,  elegant  limbs,  jet- 
black  hair,  perfumed,  and  ornamented  with  flowers  ;  but  still 
they  arc  inferior  in  beauty  to  the  women  of  the  Marquesas  ; 
nor  do  any  of  the  females  of  the  South-sea  islands  possess  the 
Grecian  forms  and  academical  precision  of  feminine  beauty. 
But   the   Otaheiteans   are   the  Italians  of  the  Great  Pacific 
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Ocean  in  lan_<;ua2;e  and  politeness,  and  in  the  romantic 
scenerj'  of  their  countr)-.  Infants  swim  as  soon  as  they  can 
waik.  The  Friendly  Islands,  including  the  Feejeo  isles,  the 
Navigators'  islands,  and  several  more  northerly  and  detached 
isles,  are  peopled  hy  men  of  grave  and  regular  behaviour,  who 
are  governed  by  despotic  chiefs.  The  largest  of  these  islands 
are,  Pola,  Tongataboo,  Oyolava,  Maouna,  and  Opoun.  Pro- 
visions are  amazingly  plentiful  in  these  islands.  The  men  are 
of  great  stature,  the  women  pretty  and  licentious.  The  inha- 
bitants of  all  Australasia  and  Polynesia  do  not,  perhaps, 
amount  to  300,000  souls.  The  speech  diffused  throughout  all 
the  scattered  islands  of  Polynesia  is  derived  from  the  Malayan. 
The  trees  and  plants  peculiar  to  the  tropical  Pacilic  islands, 
are  the  bread-fruit  tree,  the  plantain,  the  cocoa,  the  sugar- 
cane, figs,  sweet  potatoes,  &c. 

ASILUS,  hornet  fly. 

ASPALATHUS,  African  broom. 

ASPARAGUS,  or  Sparrow  Grass,  one  of  the  greatest  deli- 
cacies which  our  kitchen-garden  affords,  being  particularly 
estimable  from  the  early  season  at  which  it  is  produced.  The 
asparagus  is  raised  from  seed,  ia  beds  formed  for  the  purpose  ; 
and  the  plants  should  remain  three  years  in  the  ground  before 
tliey  are  cut ;  after  which,  for  a  dozen  years,  they  will  continue 
to  afford  a  regular  crop.  In  the  Editor's  garden  there  are 
.some  very  fine  beds  about  twenty  years  old. 

ASPECT,  the  situation  of  the  planets  with  respect  to  each 
other;  there  are  5  aspects:  1st.  Sextile,  marked  :}!,  when  the 
planets  are  60°  distant ;  2dly,  Quartile  Q,  at  90°  ;  3dly,  Trine, 
when  120°  A  ;  4th!y,  Opposition  g,  when  180°;  and  .5thly,  Con- 
junction (5  ,  when  both  in  the  same  degree. 

ASPEN  TREE,  the  trembling  poplar,  flourishes  in  any 
situation  ;  the  wood,  though  good  for  packsaddles,  milk  pails, 
clogs,  and  wood-work  for  pattens,  is  very  bad  for  beds,  as  it 
promotes  insects. 

ASPERIFOLIOUS,  in  Botany,  one  of  the  divisions  or 
classes  of  plants  in  the  Linneaa  system  ;  so  denominated 
because  they  are  usually  rough-leaved. 

ASPERUGO,  small  wild  bugloss. 

ASPERULA,  woodroof. 

ASPHALTUM,  bitumen  Indiacum,  pitch  formed  on  the 
surface  of  the  Dead  Sea,  and  which  was  formerly  employed  in 
embalming  the  bodies  of  the  dead. 

ASPH0DELU3,  king's  spear,  asphodel. 

AS.S,  a  species  of  aequus,  or  horse.  When  very  young,  the 
ass  is  sprightly,  and  even  tolerably  handsome ;  but  he  soon 
loses  these  qualities,  and  becomes  dull,  stupid,  and  headstrong. 
IJut  he  is  not  equally  stupid  in  all  countries  ;  for  in  Spain,  and 
some  other  countries,  he  is  much  more  elegant  and  tractable  ; 
and  if  treated  with  care,  there  is  no  doubt  that  he  might  be 
rendered  much  more  serviceable  to  us  than  he  now  is.  Wild 
asses  are  fierce,  swift,  and  formidable,  and,  when  pursued,  will 
defend  themselves  with  courage. 

ASSA-FCETIDA,  the  concrete  juice  or  resinous  gum  of  a 
large  umbelliferous  plant,  growing  in  India  and  Persia.  The 
Banian  Indians  use  it  in  all  their  dishes  ;  our  own  cooks  sub- 
stitute it  for  garlic.  In  Arabia  and  Persia  it  is  used  both 
internally  and  externally  as  a  medicine.  It  is  an  excellent  cure 
for  the  hooping  cough  and  for  worms;  in  flatulent  colics,  fee. 

ASSAULT,  an  attempt  to  offer  to  beat  another  without 
touching  him  ;  as  if  one  lifts  up  his  cane,  a  whip,  or  his  list,  to  hit 
another,  or  strikes  at  him,  but  misses  him.  The  party  injured 
may  have  redress  by  action  of  trespass  vi  et  rirmis.  wherein  he 
shall  receive  damages  as  a  compensation  for  injury.  This 
teaches  society  the  exterior  formula  of  good  breeding;  but  the 
temperament  of  an  Englishman  pricks  him  to  repel  force  by 
force  ;  and  to  repay  by  an  eye  for  an  eye,  or  a  tooth  for  a 
tooth,  without  trusting  to  the  doubtful  issue  of  trespass,  per  to- 
yam  pecuniamr/ite. 

AS.SAYING.  There  are  two  kinds  of  assaying  ;  one  before 
metals  are  melted,  the  other  after  they  have  been  struck  ;  the 
first  brings  them  to  their  proper  fineness,  and  the  last  compares 
them  with  the  standard.  For  the  first  assayers  take  14  or  15 
grains  of  gold,  and  half  a  drachm  of  silver,  if  it  be  for  money  ; 
and  18  grains  of  the  one,  and  a  drachm  of  the  other,  if  for  other 
uses.  The  second  assay  is  made  of  one  of  the  pieces  of  money, 
which  is  cut  into  four  parts.     The  quantify  of  gold  for  an  assay 


is  here  six  grains.  Assaying  is  also  the  particular  mode  of 
examining  every  ore  and  mixed  metal,  according  to  its  nature, 
with  the  proper  fluxes,  to  discover  not  only  what  metals,  with 
their  proportions,  are  contained  in  ores,  but  also  the  quantity  of 
sulphur,vitriol,  alum,  arsenic,  and  other  matters.  (Jold  is  obtained 
pure  by  dissolving  it  in  nitro-muriatic  acid,  and  precipitating 
the  metal  by  dropping  in  a  diluted  solution  of  sulphate  of  iron  : 
the  powder  which  precipitates  is  pure  gold.  Silver  is  obtained 
pure  by  dissolving  it  in  nitric  acid,  and  precipitating  it  with  a 
diluted  solution  of  sulphate  of  iron.  With  metallurgists  the 
mass  consists  of  21  imaginary  parts,  called  carats.  Gold  of 
24  carats  means  pure  gold  :  the  number  of  carats  mentioned 
specifies  the  parts  of  pure  gold,  and  what  that  number  wants  of 
24  carats,  indicates  the  quantity  of  base  metal  in  the  alloy. 
Gold  of  12  carats,  means  12  parts  of  gold  and  12  of  another 
metal.  Gold  coins  of  Great  Britain  are  of  22  carats  fine  ;  they 
contain,  therefore,  1 1  parts  of  gold  and  one  of  copper.  Parting 
is  the  separation  of  gold  from  silver,  when  both  are  contained 
in  an  alloy;  and  it  is  founded  on  the  insolubility  of  gold,  and 
the  solubility  of  silver  in  nitric  acid. 
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Assay  Balance,  is  of  very 
ittle  different  construction  from 
the  common  scales,  having  a 
beam  from  10  to  12  inches,  and 
being  made  of  the  best  steel. 
The  beam  is  suspended  in  a 
fork,  and  as  the  balance  will 
hardly  stand  still  in  the  open 
^,--  .-^  ^  =  ^  ^^1  air,  it  must  be  put  into  a  case, 
^^'  ,-i<     J\  "■''  lepresented  in  the  figure.     A 

^ '^S^  ^yO  pair  of  pincers  are  used  to  put 

articles  to  be  weighed  into  this 
balance ;  or  if  the  article  be  a 
powder,  a  small  shovel  or  spoon. 
ASSIZE,  an  assembly  of  knights,  and  other  substantial  men. 
together  with  a  justice,  in  a  certain  place,  and  at  a  certain 
time,  when  and  where  the  writs,  processes,  whether  civil  or 
criminal,  are  decided  by  a  jury,  directed  by  a  judge.  If  a  man 
has  been  charged  with  an  offence,  before  he  can  be  put  on  his 
trial,  the  charge  must  first  be  examined  by  an  impartial  grand 
jury  of  23  persons;  twelve  of  whom,  at  least,  must  agree  to 
find  a  bill  of  indictment,  which  being  found,  he  then  undergoes 
a  public  trial  before  twelve  of  his  equals.  The  powers  of  a 
grand  jury  are  most  extensive,  and  their  duties  being  most 
important,  it  is  necessary  that  they  be  performed  with  the 
greatest  care,  intelligence,  and  impartiality.  Bills  ought  never 
to  be  found  lightly,  on  frivolous  pretences,  or  imperfect  evi- 
dence ;  and  as  grand  juries  only  hear  the  evidence  of  the 
prosecutor,  they  ought  to  be  vigilantly  on  their  guard  against 
trifling,  vexatious,  and  malicious  prosecutions.  "Tlie  petit  jury 
of  twelve  make  oath,  that  "  they  shall  well  and  truly  try,  and 
true  deliverance  make,  between  the  king  and  the  prisoner  at 
the  bar,  according  to  the  evidence.'"  After  they  have  fully 
heard  the  evidence,  the  prisoner's  defence,  and  the  law  from 
the  judge,  the  twelve  must  decide  each  for  himself,  and  the 
whole  must  be  unanimous  in  acquitting,  or  in  condemning,  the 
prisoner.  The  jury  must  be  impartial  and  independent,  or 
they  are  liable  to  be  challenged  or  objected  to.  T'hcy  should 
also  found  their  verdict  on  their  oun  judgment,  deducing  it 
from  clear  and  positive  evidence  :  no  other  duty  being  so 
sacred,  aud  no  other  trust  so  great,  as  that  reposed  in  the 
integrity  and  independence  of  a  juryman. 

ASSOCIATION  or  Ini.is,  is  when  two  or  more  ideas  con- 
stantly and  immediately  follow  or  succeed  one  another  in  the 
mind,  so  that  one  shall  constantly  and  infallibly  succeed  another. 
The  iniluence  of  association  in  regulating  the  succession  of  our 
thoughts,  is  a  fact  familiar  to  all  men  :  that  one  thought  is 
often  suggested  to  the  mind  by  another,  and  that  the  sight  of 
an  external  object  often  recalls  former  occurrences,  and  revives 
former  feelings,  are  indisputable  facts.  This  subject  is  very 
fully  fjcated  in  the  Editor's  Grammar  of  Logic  and  Intellectual 
Philosophy.  See  chap.  vii.  book  ii.  of  that  work,  second 
edition. 

ASSUMPSIT,  in  Law,  a  voluntary  or  verbal  promise, 
whereby  a  person  assumes,  or  takes  upon  him,  to  pay  anything 
to  another.     There  arc  numerous  cases  of  assumpsit  on  rccorcL 
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Thus  all  notes  of  hand,  bills  of  exchange,  &c.  come  under  this 
name  ;  and  so  of  many  other  covenants,  verbal  or  written. 

ASSUMPTIVE  Arms,  in  Heraldry.  Thus,  if  a  soldier, 
who  has  no  right  by  blood  to  arms,  or  if  he  have  none,  shall  in 
war  captivate  any  gentleman,  nobleman,  or  prince,  he  may 
then  assume  the  arms  of  his  prisoner,  and  enjoy  them  in  his 
heirs  for  ever. 

ASSURANCE  on  Lives.  By  assuring  a  life,  is  meant 
obtaiuing  security  for  a  sum  to  be  received,  should  the  life 
drop,  in  consideration  of  such  a  payment  made  to  tlie  assurer, 
as  shall  be  a  sufficient  compensation  for  the  loss  and  hazard  to 
which  he  exposes  himself.  In  estimating  this  compensation, 
the  amount  of  it  will  depend  entirely  on  the  rate  of  interest  at 
which  money  is  improved,  and  the  probable  duration  of  the 
life  of  the  individual.  In  order  to  illustrate  this,  let  £100  be 
supposed  to  be  assured  on  a  life  for  a  year  to  come,  supposing 
money  to  bear  an  interest  of  5  per  cent.  Now,  first,  if  it  were 
certain  that  the  life  would  become  extinct  in  the  course  of  the 
year,  the  premium  would  be  the  present  value  of  £100,  payable 
a  year  hence,  which  at  5  per  cent,  would  be  £95.  4s.  8f/.  ;  but  if, 
instead  of  the  certain  extinction  of  the  life,  it  be  known  from 
the  regular  bills  of  mortality,  that  out  of  1000  persons  of  the 
age  of  the  assured,  only  250  fall  in  the  course  of  a  year,  or 

250 
which  is  the  same,  if ,  or  J,  represent  the  prospect  of  its 

failing,  then  J  of  the  above  premium  will  be  the  fair  compensa- 
tion to  be  received  by  the  assurer :  and  as  there  have  been 
tables  of  the  decrease  of  human  life  kept  for  many  years,  in 
various  parts  of  this  and  other  kingdoms,  the  calculation  of 
the  fair  premium  to  be  paid  for  any  age,  for  a  year,  is  extremely 
simple,  and  needs  no  farther  illustration.  But  the  assurances 
most  commonly  practised,  are  those  on  single  lives,  either  for 
a  given  term,  or  during  their  whole  continuance  ;  and  the  pre- 
mium is  either  paid  in  a  single  present  payment,  or  in  annual 
payments  during  the  said  term,  or  till  the  life  fails  ;  in  both 
which  cases  the  calculation  becomes  more  complicated.  On 
the  most  equitable  principles,  tables  have  been  computed  which 
exhibit  at  one  view  the  annual  payment  that  ought  to  be  made 
to  assure  a  life,  at  any  age,  for  £100;  and  which,  therefore,  is 
equallv  applicable  for  any  other  sum,  by  a  simple  operation  of 
multiplication  and  division  ;  these  annual  payments  vary  a 
little  in  difl'erent  offices,  but  the  most  general  terms  and  condi- 
tions are  as  follows  : — The  person  making  the  assurance  is  to 
declare  the  place  and  date  of  birth  of  the  person  whose  life  is 
to  be  assured  ;  whether  he  have  had  the  small-pox  ;  whether 
subject  to  the  gout;  and  whether  in  the  army  or  navy. 

Conditions  of  Assurance  marie  hij  Persons  on  their  own  Lives. — 
The  assurance  to  be  void,  if  the  person  whose  life  is  assured 
shall  depart  beyond  the  limits  of  Europe,  shall  die  upon  the 
seas,  (except  in  his  majesty's  packets  passing  between  Great 
Britain  and  Ireland,)  or  shall  enter  into  or  engage  in  any 
military  or  naval  service  whatever,  without  the  previous  con- 
sent of  the  company  ;  or  shall  die  by  suicide,  duelling,  or  the 
hand  of  justice  ;  or  shall  not  be,  at  the  time  the  assurance  is 
made,  in  good  health. 

Conditions  of  Assurance  made  h/  Persons  on  the  Lives  of  others. 
— The  assurance  to  be  void,  if  the  person  whose  life  is  assured 
shall  depart  beyond  the  limits  of  Europe,  shall  die  upon  the 
seas,  (except  in  his  majesty's  packets  passing  between  Great 
Britain  and  Ireland,)  or  shall  enter  into,  or  engage  in  any 
military  or  naval  service  whatever,  without  the  previous  con- 
sent of  the  company  ;  or  shall  not  be,  at  the  time  the  assurance 
is  made,  in  good  health.  These  rules  are  varied  conditionally 
in  some  assurance  offices;  but  we  have  exhibited  the  general 
principles.  Any  person  making  an  assurance  on  the  life  of 
another,  must  be  interested  therein,  agreeably  to  act  of  Mth  of 
Geo.  III.  chap.  48,  which  prohibits  wagering,  or  speculative 
insurances. 

Since  the  foregoing  was  written  for  this  work,  some  new 
assurance  associations  have  arisen,  which  take  numerous  risks 
that  the  old  offices  would  not  assure  ;  and  it  matters  not  now, 
whether  a  man  belong  to  the  army,  the  navy,  or  any  other 
service  eciually  hazardous :  he  may  assure  at  some  of  these 
new  offices  with  as  much  facility  as  a  tradesman  could  do  at 
the  Sun,  the  Equitable,  or  the  Rock  life-assurr.nce  offices. 


Table  op  Premiums 

For  Asstirinr/  the  Sum  of  One  Hundred  Pounds  upon  the  Life  of 
any  healtlnj  Person,  from  the  Aye  of  Eight  to  Sixty-seven. 
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ASTER,  in  Botany,  starwort,  so  called  as  having  a  radiated 
fiovver. 

ASTERIA,  the  goshawk  ;  also  the  gem  cat's  eye :  the  name 
also  of  an  extraneous  fossil,  known  as  star-stone. 

ASTERIAS,  the  star  fish,  or  sea  star. 

ASTERION  and  CHARA,or  Canes  Venatici,  the  Greyhounds. 
This  constellation  was  introduced  by  Ilevelius.  It  occupies 
the  western  space  between  Boiites  and  the  hind  legs  of  Ursa 
Major,  and  is  easily  distinguished  by  a  star  of  the  3d  magni- 
tude on  the  neck  of  Chara,  forming  a  triangle  with  y  and  i;,  in 
the  hip  and  tail  of  Ursa  Major.  Sir  Charles  Scarborough, 
physician  to  Charles  II.  called  this  star  Cor  Caroli,  or  Charles's 
Heart,  in  honour  of  king  Charles  I. 

A-STERN,  denotes  any  distance  behind  a  .ship,  as  opposed 

to  A-HEAD. 

ASTRAGAL,  in  Architecture,  a  ronnd  moulding,  which,  in 
the  orders,  surrounds  the  top  of  the  shaft  or  body  of  the  column ; 
it  is  used  also  at  the  bottoms  as  well  as  the  tops  of  columns  ; 
and  properly  represents  a  ring  on  whatever  part  of  a  column  it 
is  placed. — In  Anatomy,  the  upper  bone  of  the  tarsus,  which, 
by  its  conjunction  with  the  bones  of  the  leg,  forms  the  ankle- 
joint. 

ASTRAGALUS,  milk,  or  liquorice  vetch. 

ASTRANTIA,  masterwnrt. 

ASTRINGENTS,  in  Medicine,  are  distinguished  by  a  rough 
austere  taste,  and  the  property  of  changing  solutions  of  iron, 
especially  those  made  in  the  vitriolic  acid,  into  a  dark  purple 
or  blnck  colour  ;  such  as  galls,  tormentil  root,  terra  japonica, 
acacia,  &:c. 

ASTROITES,  star  stone. 

ASTROLABE,  a  stcrcographic  projection  of  the  sphere, 
which,  among  the  ancients,  was  equivalent  to  the  artnillary 
sphere,  or  armed  by  proper  graduations,  &c.  it  enabled  an 
observer  to  take  the  altitude  of  the  sun,  or  of  a  star. 

ASTROLOGY,  a  conjectural  science,  founded  upon  certain 
supposed  effects,  inlluenccs,  positions,  and  situations  of  the 
stars,  with  a  view  to  predict  future  events  from  their  aspects, 
&c.  It  surprises  one,  that  our  almanack  makers  should  slill 
repeat  the  nonsensical  stulf  of  Lilly,  Moore,  and  other  clever 
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men,  who   reigned   ia   the  ages    of  judicial,  perhaps  natural, 
astroiogy.  .  r 

ASTRONOMY,  the  science  which  teaches  the  motions  ol 
the  Earth,  the  Sun,  Moon,  Planets,  Comets,  and  Stars,  and 
explains  the  phenomena  occasioned  by  those  motions,  is 
divided  into  two  parts:  1st.  that  which  treats  of  the  motions, 
magnitudes,  and  periods  of  the  revolutions  of  the  heavenly 
bodies,  and  is  called  pure  or  plain  Astronomi/ ;  2d.  that  which 
investigates  the  causes  and  laws  by  which  these  motions  are 
regulated.  The  student  of  astronomy  may,  in  the  day  time, 
observe  one  of  the  chief  of  these  motions  in  the  risiug,  ascent, 
exaltation,  declension,  and  setting  of  the  sun.  In  the  morning 
Le  will  see  it  rise  in  the  eastern  heavens,  ascend  in  this  hemi- 
sphere towards  the  south,  attain  its  greatest  height  at  noon, 
and  then  descend  again,  till  it  sets  in  the  west,  as  far  from  the 
south  as  it  rose  in  the  morning.  This  is  the  first  practical 
lesson  in  astronomy.  In  the  night  time  he  may  observe  the 
stars  rise  in  the  east,  ascend  towards  the  south,  and  decline 
and  set  to  the  west ;  and  this  will  be  the  second  lesson.  He 
may,  however,  observe,  that  one  star,  viz.  that  over  the  North 
Pole,  never  moves,  and  that  all  the  others  move  around  it,  and 
those  within  a  certain  distance  never  set;  and,  in  short,  in  this 
third  lesson,  which  is  worthy  of  being  pursued  through  succes- 
sive evenings,  he  will  become  master  of  the  general  motions  of 
the  heavens.  Thus,  by  measuring,  for  example,  at  London, 
durinif  a  long  winter's  night,  the  two  meridian  heights  of  the 
Polar  Star,  (a  Ursa;  Minoris,  having  88°  20'  49"  declination  N.) 
we  find  that  (ann.  1820) 

When  it  passes  above  the  Pole,  its  altitude  }  .^o  jq'  ii« 
measures ■  i 

And    when    it   passes    below    the    Pole,   '^  )  ^go  51'  49// 
measures ' 

The  sum  of  which  is 103°  02'  00" 

And  their  half 61°  31'  00" 

Which  will  be  the  altitude  of  the  Pole  above  the  horizon  of 
London,  or  the  distance  of  this  city  from  the  equator.  If,  on 
the  contrary,  we  subtract  49°  51'  49"  from  53°  10'  11",  we 
shall  find  for  their  diflerence  3"  18'  22",  of  which  the  half, 
1°  .39'  11",  will  give  the  distance  of  the  Polar  Star  from  the 
Pole  (in  1820),  which  we  thus  find  docs  not  exactly  occupy  this 
point,  but  is  yet  very  near  to  it.  He  will  observe,  in  a.  fourth 
lesson,  which  is  also  to  be  pursued  through  successive  nights, 
that  the  moon  changes  her  place  with  regard  to  the  stars,  that 
she  increases  in  light  in  proportion  to  her  increased  distance 
from  the  sun,  till  she  arrives  at  the  opposite,  or  rises  as  the  sun 
sets  ;  and  that  the  light  increases  on  one  side,  and  decreases 
on  the  other,  being  "always  towards  the  sun.  He  will,  in  like 
nianr.er,  observe,  that  the  planets  change  their  motions  slowly 
in  regard  to  the  fixed  stars,  and  that  both  the  moon  and  the 
planets  move  in  the  same  line,  or  nearly  so,  among  the  fixed 
stars  ;  and  this  fifth  lesson  may  be  mixed  with  others  through 
snccessive  weeks.  He  will  be  highly  gratified  by  applying  any 
telescope  (the  larger  the  better,  but  the  smallest  will  afl'ord 
much  gratification)  to  the  moon,  planets,  and  stars.  He  will 
observe  the  decrease  and  increase,  and  change  of  the  shadows 
of  the  moon's  pits ;  the  satellites  of  Jupiter  ;  the  moon-like 
appearance  of  Venus;  the  ring  and  moons  of  Saturn;  and 
many  of  the  constellations  and  nebulous  clusters  of  stars. 

The  heavenly  bodies  that  we  are  to  notice,  are,  the  Suti,  the 
PIniiets.  Comets,  and  Fixed  Stars. 

The  Sun  gives  name  to  the  system  of  Astronomy,  which 
Copernicus,  Kepler,  and  Newton  have  established,  but  which 
was  known  in  the  East  4000  years  ago,  in  its  general  appear- 
ances, as  perfectly  as  by  La  Place  in  our  own  times.  The 
solar  system  is  so  called,  because  the  Sun  is  supposed  to  he 
situated  in  a  certain  point,  termed  the  centre  of  the  system, 
having  all  the  planets  revolving  round  him  at  different  dis- 
tances, and  in  dilTerenl  periods  of  time.  This  is  likewise  called 
the  Copernican  system.     See  Plate  Solar  System. 

The  St'N,  situated  near  the  centre  of  the  orbits  of  all  the 
planets,  revolves  on  its  axis  in  23  days  14  hours  4  minutes. 
This  revolution  is  determined  from  the  molion  of  the 
,s])ots  on  its  surface,  which  first  make  their  appearance  on 
the  eastern  extremity,  and  then  by  degrees  come  forwards 
towards  the  middle,  and  so  pajis  on  til!  they  reach  the  western 


edge,  and  then  disappear.  When  they  have  been  absent  for 
nearly  the  same  period  of  time  which  they  were  visible,  they 
appear  again  as  at  first,  finishing  their  entire  circuit  in  27  days 
12  hours  20  minutes.*  The  Sun  is  likewise  agitated  by  a 
small  motion  round  the  centre  of  gravity  of  the  solar  sy.stem, 
occasioned  by  the  various  attractions  of  the  surrounding 
planets  ;  but  as  this  centre  of  gravity  is  generally  within  the 
body  of  the  Sun,  and  can  never  be  at  the  distance  of  more  than 
the  length  of  the  solar  diameter  from  the  centre  of  that  body, 
astronomers  generally  consider  the  Sun  as  the  centre  of  the 
system,  round  which  all  the  planets  revolve  ;  though  in  reality 
the  centre  of  gravity  of  the  Sun,  and  of  all  the  planets,  is  the 
centre  <fthe  u-orld.  As  the  Sun  revolves  on  an  axis,  his  figure 
is  supposed  not  to  be  strictly  in  the  form  of  a  globe,  but  a  little 
flatted  at  the  poles  ;  and  that  his  axis  makes  an  angle  of  about 
eight  degrees,  with  a  perpendicular  to  the  plane  of  the  earth's 
orbit.  As  the  Sun's  apparent  diameter  is  longer  in  December 
than  in  June,  it  follows  that  the  Sun  is  nearer  to  the  earth  in 
our  winter  than  it  is  in  summer  ;  for  the  apparent  magnitude 
of  a  distant  body  diminishes  as  the  distance  increases.  The 
mean  apparent  diameter  of  the  Sun  is  stated  to  be  32' 2' ; 
hence,  taking  the  distance  of  the  Sun  from  the  earth  to  be  05 
millions  of  miles,  as  is  now  determined,  its  real  diameter  will 
be  88G.149  miles;  and,  as  the  magnitudes  of  all  spherical  bodies 
are  as  the  cubes  of  their  diameters,  the  magnitude  of  the  Sun 
will  be  1.377,613  times  that  of  the  earth  ;  the  diameter  of  the 
earth  being  79G4  miles,  the  diameter  of  the  Sun  is  above  111 
times  the  diameter  of  the  earth.  When  we  consider  the  Sun 
as  the  fountain  of  light  that  illuminates  this  universe,  and  that 
causes  the  earth  to  produce  every  thing  desirable  for  man,  may 
we  not  consider  it  also  as  an  eminent,  large,  and  lucid  planet, 
evidently  the  primary  one  of  our  system  ;  Mercury,  Venus,  the 
Earth,  and  all  the  others,  being  its  secondaries  ?  And  consi- 
dering its  solidity,  its  atmosphere  and  diversified  surface,  its 
rotation  on  its  axis,  and  all  the  circumstances  attending  this 
glorious  globe,  may  we  not  conclude  that  it  is  inhabited,  like 
the  other  planets,  by  beings  whose  organs  are  adapted  to  the 
physical  properties  of  the  Sun.  This  seems  to  be  a  more  pleas- 
ing and  agreeable  way  of  making  the  tour  of  creation,  than 
joining  issue  with  fanciful  poets,  who  have  pronounced  it  the 
abode  of  blessed  spirits  ;  or  closing  with  the  chilling  doctrines 
of  angry  moralists,  who  have  fancied  it  the  fittest  residence  for 
the  punishment  or  purgation  of  the  wicked  from  off  the  earth. 

The  Planets. — There  are  eleven  planets  belonging  to  our 
system.  Six  of  these  have  been  recognized  from  time  imme- 
morial :  namely.  Mercury,  Venus,  the  Earth,  Mars,  Jupiter, 
and  Saturn.  Uut  the  remaining  five,  invisible  to  the  naked 
eye,  have  lately  been  discovered  by  the  help  of  the  telescope  ; 
and  are  therefore  called  telescopic  planets :  namely, 

Uranus,  discovered  by       Dr.  Hcrsehcl,  March  13,  1781. 

Ceres M.  Piazzi,..     January  1,  1801. 

Pallas M.  Olbers March  28,  1 802. 

Juno M.  Harding,    Septem.  1,  1803. 

Vesta M.  Olbers,..  ..March  29,  1807. 

All  these  Planets  revolve  round  the  sun,  as  the  centre  of 
motion  ;  and  in  pcrfoiming  their  revolutions  they  follow  the 
laws  of  planetary  motion  discovered  by  Kepler,  and  confirmed 
by  subsequent  observations.  These  laws  are.  The  orbit  of 
each  planet  is  an  ellipse  ;  of  which  the  sun  occupies  one  of  the 
foci.  That  focus  is  called  the  lower  focus.  If  we  suppose  the 
plane  of  the  earth's  orl)it,  which  passes  through  the  centre  of 
the  sun,  to  bo  extended  in  every  direction,  as  far  as  the  fixed 
stars,  it  will  mark  out  a  great  circle  among  them,  which  is  the 
ecliptic  ;  and  with  this  the  situations  of  the  orbits  of  all  the 
other  planets  arc  compared.  The  planes  of  the  orbits  of  all 
the  other  Planets  must  necessarily  pass  through  the  centre  of 
the  sun,  but  if  extended  as  far  as  the  fixed  stars,  they  form 
circles  dillerent  from  each  other,  as  also  from  the  ecliptic  ;  one 

•  M.  Cassini  determined  the  lime  which  the  .Sun  takes  to  revolve  on  its 
axis,  thus  :  tlie  lime  in  which  a  s|)i>t  returj]S  to  llic  .same  situation  on  tlie 
.Sun's  disc,  (determined  I'rnrn  a  series  of  accurate  ol>scrvatious,)  is  27  davs 
12  hours  21)  minutes;  now  the  mean  motion  of  llie  earlh  in  thai  lime  is 
27"  7'  S"  ■  hence  300°  -|-  27"  T  8'  :  27a.  I2h.  20  m.  :  ;  3GU"  :  25d.  1  lb. 
4iD.  tile  time  of  rotation. 
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part  of  each  orbit,  is  on  the 
north,  and  the  other  on  the  south 
side  of  the  ecliptic.  Therefore 
the  orbit  of  each  planet  cuts  the 
ecliptic  in  two  opposite  points, 
as  A  B,  fig.  110,  wliich  are 
called  the  nodes  of  that  particu- 
lar plauet ;  and  the  nodes  of 
one  planet  cut  the  ecliptic  in 
planes  diflerent  from  the  nodes 
of  another  planet.  The  line  A  B  is  called  the  line  of  the  nodes. 
The  ascending  node  is  that  where  the  planet  passes  from  the 
south  to  the  north  side  of  the  ecliptic.  The  angle  E  G  is  the 
inclination  of  the  planes  of  the  two  orbits  to  each  other.  The 
descending  node,  that  where  the  planet  passes  from  the  north 
to  the  south  side  of  the  ecliptic.  Perigee,  when  the  sun  and 
moon  are  nearest  the  earth  ;  apogee,  when  at  their  greatest 
distance.  The  extremity  of  the  major  axis  of  this  ellipse, 
nearest  the  sun,  is  called  tlie  perihelion  ;  the  opposite  extre- 
mity of  the  same  axis  is  called  the  aphelion.  The  line,  which 
joins  these  two  points,  is  called  the  line  of  the  apsides.  The 
radius  vector  is  an  imaginary  line  drawn  from  the  centre  of 
the  sun  to  the  centre  of  the  planet,  in  any  part  of  its  orbit. 
The  velocity  of  a  planet  in  its  orbit  is  always  greatest  at  its 
perihelion.  This  velocity  diminishes  as  the  radius  vector 
increases,  till  the  planet  arrives  at  its  aphelion,  when  its 
motion  is  the  slowest.  It  then  increases  in  an  inverse  manner, 
till  the  planet  arrives  again  at  its  perihelion.  The  areas, 
described  about  the  sun  by  the  radius  vector  of  the  planet,  are 
proportional  to  the  times  employed  in  describing  them ;  and 
these  laws  are  sufficient  for  determining  the  motion  of  the 
planets  round  the  sun  ;  but  it  is  necessary  to  know,  for  each 
of  these  planets,  seven  quantities  ;  which  are  called  the 
elements  of  their  elliptical  motion.  The  first  five  of  these 
elements  relate  to  the  motion  in  an  ellipse  ;  the  last  two  relate 
to  the  position  of  the  orbit,  since  the  planets  do  not  all  move 
in  the  same  plane;  agreeably  to  the  following  tables  of  La 
Place,  calculated  lor  the  eonimencementof  the  present  centu.y. 

1.  Duration  of  the  Sidereal  Revolution. 

Dajs 


6.  Longitude  of  the  Ascending  Node. 


Days. 

Mercury 87-929-|- 

Venus 2-24-700-(- 

Earth 365  2564- 

Mars .386-979+ 

Vesta  1335 -205-1- 

Juno 1590-998+ 

2.  The  Mean  Distance  of  the  Planets  from  the  Szin. 


Ceres 1681-5.19+ 

Pallas 1681-709+ 

Jupiter 4.3:32 -.DttW-j- 

Saturn 10768-9(Jy+ 

Uranus 30089-7124- 


Mercury -3870381 

Venus •7-23.33-23 

Earth 10000000 

Mars 1-.5-2.36935 

Vesta 2-3730000 

Juno 2-6671630 

3.  Ratio  of  the  Eccentricity  to  Half  the  Major  Apsis, 


Ceres 2-7674060 

Pallas 2-76759'20 

Jupiter 5-202791 1 

Saturn 9  5387705 

Uranus 191833050 


Mercury -20551494 

Venus -00685298 

Earth -0168,5318 

Mars -093-22000 

Vesta  -093-2-2000 

Juno  -25404400 

4.  Mean  Longitude 


Ceres -07834860 

Pallas -24538400 

Jupiter -01817840 

Saturn -0.5616830 

Uranus -04667030 


Mercury 182°  15647 

Venus 11    9.3672 

Earth HI    O8179 

Mars 71    24145 

Vesta 397    1'2990 

Juno 322    79380 


Ceres 294° 

Pallas 280 

Jupiter 1-24 

Saturn 1,50 

Uranus 197 


16820 
68580 
67781 
38010 
54244 


5.   Mean  Longitude  of  the  Perihelion. 


Mercury   82°  62.56 

Venus 142    9077 

Earth 110    .5,571 

Mars 369    3107 

Vesta -277    46.30 

Juno 69    2349 


Ceres 16'2°  9.565 

Pallas 134    7040 

Jupiter 12    3S12 

Saturn 99    0.549 

Uranus 185    9574 


Mercury 51°  06.51 

Venus 83    1972 

Earth 0    0000 

Mars 53    3605 

Vesta 114    46.30 

Juno 190    1228 


Ceres 89°  9083 


Pallas 191 

Jupiter 109 

Saturn 124 

Uranus 80 


7148 
3624 
3662 
9488 


7.  Inclination  of  the  Orbit  to  the  Ecliptic. 


Ceres 11°  80680 

Pallas 38    46540 

Jupiter 1    46034 

Saturn 2    77102 

Uranus 0    86990 


Mercury 7°  78058 

Venus 3    76936 

Earth 0    00000 

Mars  2    05663 

Vesta 7    94010 

Juno 14    50860 

The  examination  of  the  first  two  tables  will  shew  us,  that 
the  duration  of  the  revolutions  of  the  planets  increases  with 
their  mean  distance  from  the  sun.  Whence  Kepler  discovered 
his  third  fundamental  law  ;  namely.  The  squares  of  the  times 
of  the  revolutions  of  tlie  Planets  are  to  each  other  as  the  cubes 
of  their  mean  distances.  But  then  the  ellipses  which  the 
Planets  describe,  are  not  unalterable :  their  major  axes  are  the 
same  ;  but  their  eccentricities,  the  positions  of  their  perihelion 
nodes,  with  the  inclination  of  their  orbits  to  the  ecliptic,  seem 
to  vary  in  a  course  of  years. 

Mercury  g  ,  the  least  of  the  inferior  planets,  and  yet  nearest 
to  the  suii,  is  36,814,721  miles  from  that  luminary.  This  planet 
emits  a  bright  white  light,  and  sometimes  appears  a  little  after 
sunset,  and  again  a  little  before  sunrise:  but  as  this  planet  is 
so  very  near  the  sun,  and  of  itself  very  small,  we  seldom  see 
him  without  a  telescope.  As  seen  through  a  telescope,  Mer- 
cury exhibits  all  the  phenomena  of  the  moon,  which  shews  that 
it  receives  its  light  from  the  sun,  as  does  our  earth.  The  perio- 
dical revolution,  mean  distance  from  the  sun,  Sec.  of  Mercury, 
are  all  given  in  the  foregoing  tables.  The  best  observations  of 
this  planet  are  those  made  when  it  is  seen  on  the  sun's  disc  or 
face,  called  the  transit  of  Mercury.  The  last  transit  happened 
in  18-22,  and  the  intervals  are  very  remote.  TJie  apparent 
diameter  is  about  eleven  seconds  ;  hence  the  real  diameter  is 
3108  miles,  or  about  one-sixteenth  of  the  magnitude  of  the 
earth. 

Venus,  5,  Fig.  111. — Venus,  the  next  planet  above  Jlercury, 
is  computed  to  be  sixty-eight  millions  of  miles  from  the  sun, 

and  by  moving  at 
the  rate  of  seven- 
ty-six thousand 
miles  an  hour,  she 
completes  her  an- 
nual revolution  in 
2-24  days  and  16 
hours,  49'  11"  and 
a  half,  and  her 
synodical  revolu- 
tion is  about  548 
days.  Her  diameter  is  seven  thousand  seven  hundred  miles, 
or  nearly  the  size  of  our  earth,  and  her  diurnal  rotation  on  her 
axis  is  performed  in  23  hours  21  minutes  and  7".  Venus  is 
often  seen  by  the  unassisted  eye  in  broad  daylight.  The  pro- 
portion of  light  and  heat  received  by  this  planet  from  the  sun 
is  1-91  times  greater  than  the  earth.  And  it  is  surrounded  with 
an  atmosphere,  the  refractive  powers  of  which  dilier  very  little 
from  ours.  Like  Mercury,  it  sometimes  passes  over  the  sun's 
face,  and  its  transit  has  been  applied  to  one  of  the  most 
important  problems  in  astronomy,  as  by  it  the  true  distances  of 
the  planets  from  the  sun  have  been  determined.  These  transits 
take  place  in  the  months  of  June  and  IJeeember.  The  first 
will  be  on  the  8th  December,  1874.  When  Venus  is  to  the 
west  of  the  sun,  it  rises  before  the  sun,  and  is  called  a  morning 
star;  this  appearance  continues  about '2SK)  days  together  ;  when 
this  planet  is  to  the  east  of  the  sun,  it  sets  after  the  sun,  and  is 
called  an  evening  star  for  about  the  same  period  of  "290  days. 
Venus  appears  the  brightest  of  the  planets  ;  it  has  a  consider- 
able atmosphere,  and  some  astronomers  assert,  that  they  have 
discovered  mountains  on  its  surface.  At  times  this  plauet 
appears  gibbous  like  the  moon,  fig.  111. 
T 
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The  Earth,  ®,  fij;.  112.— The  Earth  which  we  inhabit  is  the 
planet  next  in  order;  hence  we  say,  Mercury  and  Venus  are 
inferior  ;  but  all  the  planets  which  are  further  from  the  sun  than 
the  Earth  is,  are  superior  planets.  The  Earth  is  93  millions  of 
miles  from  the  sun ;  it  performs  its  sidereal  revolution  in 
365(1  6li  9'  11"  5;  and  it  passes  from  the  one  tropic,  to  the 
same  again,  in  only  365d  5li  48'  51"  6.  The  axis  of  the  Earth 
is  inclined  to  the  plane  of  the  ecliptic  in  an  an<,'le  of  23°  27'  57", 
and  the  points  of  intersection  are  called  the  equinoctial  points  ; 
and  the  ecliptic  is  the  path  of  the  Earth  in  its  annual  revolu- 
tion round  the  sun. 

There  are  several  ways  of  shewing,  that  the  Earth  upon  which 
we  live  is  spherical,  like  an  orange  ;  and  this  is  the  form  of  all 
the  planets.  The  shadows  of  bodies  in  general  take  the  form  of 
their  originals.  The  shadow  of  the  Earth  on  the  moon,  that  is 
to  say,  an  eclipse  of  the  moon  is,  circular:  the  Earth  is,  therefore. 
(/lobular.  Several  navigators,  by  sailing  westward,  have  reached 
"the  port  they  first  left.  They  must,  therefore,  have  sailed  round 
a  globular  surface.  And  they  have  observed,  tliat  on  leaving 
land  the  shores  first  disappeared,  then  the  hills.  On  the  con- 
trary, approaching  land,  mountains  are  first  seen,  then  the 
shores.  These  facts  also  corroborate  our  illustration  of  the 
Earth's  sphericity.  The  Earth  is  supposed  to  be  surrounded 
by  various  lines,  that  indicate  portions  of  its  surface,  or  enable 
us  to  perform  the  mechanical  operations  of  Geography,  Navi- 
gation, and  Astronomy.  The  axis  of  the  Earth  is  an  imaginary 
line  passing  through  its  centre.     Upon  this  line  it  is  supposed 


to  turn  in  its  diurnal  revolution.     The  poles  of  the  Earth  are  the 

extremities  of  its  axis.  The  lines  or  circles  surrounding  the 
Earth  are  of  two  names,  yreat  and  smalt.  All  great  circles 
divide  the  Earth  into  two  eipial  portions  ;  all  small  circles  cut 
it  in  iincipial  parts.  The  equator  is  a  great  circle  equidistant 
from  both  poles.  The  latitudes  of  places  are  reckoned  north 
or  south  of  the  equator,  as  they  lie  on  either  side  of  that  line. 
Mericliaus  are  great  circles  of  the  Earth,  crossing  the  equator 
at  right  angles,  and  terminating  in  the  poles.  Parallels  of  lati- 
tude are  less  circles,  drawn  parallel  to  the  equator.  The  lovgi- 
(7(f/e  of  a  place  is  the  distance  of  the  meridian  of  that  place, 
east  or  west,  from  the  first  meridian.  As  the  Earth  revolves 
round  its  axis  daily  from  west  to  east,  the  heavenly  bodies 
appear  to  a  spectator  on  the  Earth  to  revolve  in  the  same  time 
from  east  to  west,  and  the  alternate  succession  of  day  and  night 
is  the  efi'ect  of  the  revolution  of  the  Earth  towards  and  from  the 
sun.  For  all  the  heavenly  bodies  appearing  to  move  from  east 
to  west,  while  the  Earth  revolves  from  west  to  east,  the  sun 
will  appear,  in  each  revolution,  to  rise  above  the  horizon  in  the 
cast,  and  after  describing  a  portion  of  a  circle,  to  set  in  the 
west,  and  will  continue  below  the  horizon,  till,  by  the  revolu- 
tion of  the  Earth,  it  again  appears  in  the  east:  and  thus  day 
and  night  are  alternately  produced. 

The  Sun  is  supposed  to  be  fixed,  not  in  the  centre  of  the 
Earth's  elliptical  orbit,  but  in  one  of  the  foci.  Let  F  represent 
the  Sun,  (fig.  112)  and  A  B  C  D  the  Earth's  elliptical  orbit.  Then 
A  is  the  perihelion,  or  lower  apsis,  being  the  Earth's  nearest 
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distance  from  the  Sun ;  C  is  the  aphelion,  or  higher  apsis, 
being  its  greatest  distance  ;  and  the  distance  between  the  Sun 
(in  the  focus)  and  the  centre  S,  is  called  the  eccentricity  of  the 
Earth's  orbit.  If  from  the  centre  there  be  erected  upon  the 
axis  a  perpendicular  meeting  the  orbit  in  L,  a  point  in  tl\e 
centre  of  the  figure  B,  and  the  line  F  L  be  drawn,  it  will  repre- 
sent the  Earth's  mean  distance  from  the  Sun,  being  equal  to 
half  the  axis  AC,  consequently  PL  is  95  millions  of  miles. 
The  phenomena  of  the  dillerent  seasons  of  the  year  will  ap- 
pear from  the  following  observations  : — Let  AB  C  D  represent 
the  Earth's  annual  orbit,  with  the  Sun  in  the  focus  F;  ah,  an 
imaginary  line  through  the  Earth's  centre,  perpendicular  to  this 
plane  ;  the  axis  N  S,  of  the  Earth,  forming  an  angle  of  23°  28* 


with  this  perpendicular:  then  if  the  Earth  move  in  A,  B,  C,  D, 

so  that  N  S  may  always  remain  parallel  to  itself,  with  the  same 
angle  to  ah,  it  will  denote  the  seasons;  for,  a  line  drawn  from 
the  Sun  to  the  Earth,  the  Sun  will  be  vertical  to  that  part  cut 
by  this  line.  Now,  when  the  Karlh  is  in  Libra  =c^,  the  Sun  will 
appear  in  Aries  y^,  and  we  have  Spriuy,  the  days  and  nights 
are  equal  in  both  hemispheres,  and  the  season  a  medium 
between  smnmer  and  winter ;  the  line  dividing  the  dark  and 
lislit  hemispheres,  passes  through  the  poles  N  and  S,  dividing 
all  the  parallels  of  latitude,  as  P  R,  equally  ;  hence  all  the 
inhabitants  of  the  Earth  have  their  days  and  nights  equal,  viz. 
twelve  hours  each.  While  the  Earth  moves  from  Libra  a^  to 
Capricorn  yj",  the  north  pole  N  will  be  more  enlightened,   and 
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the  soutli  pole  S  more  dcNrkened  ;  hence  the  days  in  the  northern 
hemisphere  will  increase,  and  in  the  southern  lieniisphere 
decrease,  the  parallels  of  latitude  being  unequally  divided. 
When  the  Earth  has  arrived  at  Capricorn  yf,  the  Sun  will 
appear  in  Cancer  =3  :  this  period  is  a  medium  between  spring 
and  autumn,  and  is  called  Summer  in  the  northern  hemisphere  ; 
in  the  southern,  winterthen  reigns  ;  at  the  north  pole,  and  within 
the  arctic  circle,  there  will  be  constant  day ;  at  the  south  pole, 
and  within  the  antarctic  circle,  constant  night.  While  the 
Earth  moves  from  Capricorn  yf  to  Aries  ryi,  the  south  pole  will 
l)e  more  enlightened  ;  consequently,  the  days  in  the  southern 
hemisphere  will  increase,  and  decrease  in  the  northern  hemi- 
sphere. When  the  Earth  has  arrived  at  Aries  <y,  the  Sun  will 
appear  in  Libra  ^,  and  the  days  and  nights  be  again  equal  all 
over  the  Earth :  this  period  is  a  medium  between  .summer  and 
winter,  and  is  called  Autumn.  Again,  as  the  Earth  moves  from 
Aries  t  towards  Cancer  s,  the  light  will  gradually  leave  the 
north  pole  and  proceed  to  the  south:  when  the  Earth  has  arrived 
at  Cancer  qs,  it  will  be  summer  in  the  southern  hemisphere, 
and  winter  ia  the  northern:  the  south  pole  will  have  continual 
day,  the  north  pole  constant  night:  this  period  is  a  medium 
between  autumn  and  spring,  and  is  denominated  Wi7iter. 
Lastly,  while  the  Earth  moves  from  Cancer  53  to  Capricorn  ^fj', 
the  Sun  will  appear  to  move  from  Capricorn  y?  to  Cancer  qj,, 
and  the  days  in  the  northern  hemisphere  will  increase,  while 
those  in  the  southern  diminish ;  and  while  the  Earth  moves 
from  Capricorn  yf  to  Cancer  q^,  the  Sun  will  appear  to  move 
from  Cancer  qg  to  Capricorn  yf ,  the  days  in  the  northern  hemi- 
sphere will  decrease,  and  those  in  the  southern  increase.  In 
all  situations  of  the  Earth,  the  equator  will  be  divided  equally  ; 
consequently,  the  days  and  nights  at  the  equator  are  always 
equal.  Thus,  the  different  seasons  are  clearly  accounted  for, 
by  the  inclination  of  the  Earth's  axis,  the  plane  of  its  orbit 
combined  with  the  parallel  motion  of  that  axis. 

The  axis  of  the  Earth,  in  its  circuit  round  the  sun,  being 
inclined  to  the  plane  of  its  orbit,  this  inclination  occasions  the 
succession  of  the  four  seasons.  The  Earth's  axis  makes  an 
angle  of  66°  32' with  its  orbit,  that  is,  with  the  ecliptic,  and 
always  preserves  its  parallelism,  or  is  directed  towards  the 
same  point  in  the  heavens;  hence  during  one  half  of  the  year 
the  north  pole  is  continually  illuminated  by  the  .sun,  and  the 
south  pole  is  all  that  time  in  darkness  ;  and  during  the  other 
half  the  year,  the  south  pole  is  constantly  in  the  light,  and  the 
north  pole  is  in  darkness ;  and  other  parts  in  a  proportional 
degree  partake  of  this  vicissitude,  and  create  the  variety  of  the 
seasons.  The  difference  in  the  degrees  of  heat,  is  owing  chielly 
to  the  different  heights  to  which  the  sun  rises,  and  tlie  different 
lengths  of  the  days.  When  the  sun  rises  highest,  in  sunmier, 
its  rays  fall  less  obliquely,  and  consequently  more  of  them  fall 
on  any  given  portion  of  the  Earth's  surface  than  in  winter, 
when  the  rays  fall  obliquely ;  and  when  the  days  are  long,  and 
the  nights  short,  the  earth  and  air  are  more  heated  in  the  day 
than  they  are  cooled  in  the  night,  and  the  reverse  when  the 
days  arc  short  and  the  nights  long.  The  lengthening  and 
shortening  of  the  days,  and  the  different  seasons,  are  produced 
by  the  motion  of  the  Earth,  N  S,  fig.  112,  in  its  orbit  round  the 
sun,  F.  The  axis  of  the  Earth  N  S  int-lines  to  the  plane  of  the 
orbit,  and  is  parallel  to  itself  in  all  parts  of  the  orbit.  In  June 
the  north  pole  N  inclines  to  the  sun,  and  it  is  sunntier  in  the 
northern  parts  of  the  earth  ;  in  December  the  north  pole 
declines  from  the  sun,  and  it  is  winter  in  the  northern  and 
summer  in  the  southern  hemisphere. 

There  arc  several  ways  of  demonstrating  that  the  planets 
move  round  the  sun  ;  thus.  Mercury  aud  Venus  always  appear 
in  the  neighbourhood  of  the  sun,  and  if  the  sun  revolved  round 
the  Earth  as  a  centre,  so  must  these  planets;  but  if  they  did, 
then  the  motion  of  each  would  always  appear  to  us  nearly 
equable,  and  in  the  same  direction  ;  whereas  now  they  are 
sometimes  stationary,  or  have  no  proper  motion  ;  sometimes 
they  move  eastward  in  reference  to  the  fixed  stars,  and  their 
motion  is  then  called  direct,  progressive,  or  in  covsequentia  ; 
sometimes  they  move  westward,  and  have  a  retrograde  motion, 
when  they  are  said  to  move  in  antecedent  ia ;  appearances 
which  are  necessary,  when  we  admit  the  sun  to  be  the  centre  of 
their  orbits,  and  of  the  Earth's,  but  wholly  irreconcileabic  with 
any  other  hypothesis. 


Moreover,  when  Mercury  and  Venus  appear  in  conjunction 
with  the  sun,  they  are  sometimes  hid  behind  the  body  of  the 
sun,  and  sometimes  pass  between  it  and  the  Earth,  appearing 
like  a  dark  spot  on  the  sun's  disc  or  face  ;  but  if  they  have  lati- 
tude, when  in  their  superior  conjunction,  that  is,  when  beyond 
the  sun,  they  shine  with  a  face  perfectly  circular,  like  a  full 
moon.  But  the  face  disappears  in  their  inferior  conjunction, 
that  is,  when  between  us  and  the  sun,  as  the  moon  does  at 
her  change  ;  whence  it  is  evident,  that  their  orbits  are  between 
the  sun  and  the  orbit  of  the  Earth.  Mars  sometimes  appears 
in  opposition  to  the  sun,  which  proves  that  its  orbit  includes 
that  of  the  Earth  ;  and  that  it  includes  the  sun  is  plain,  other- 
wise Mars  would,  in  its  conjunction  with  the  sun,  disappear, 
like  Mercury  and  Venus,  which  never  happens  :  the  same  may 
be  observed  of  Jupiter,  Saturn,  and  Herschel.  The  motions  of 
the  Earth  in  its  orbit  are  proved,  by  the  effect  of  its  motion  on 
the  apparent  motions  of  the  several  planetary  bodies.  These, 
as  the  Earth  happens  to  be  situated,  become  stationary,  retro- 
grade, or  direct,  and  the  variations  are  exactly  measured  by 
motions  referred  to  the  Earth,  like  the  motions  of  objects 
ashore,  when  we  are  moving  in  a  boat. 

As  the  Earth  revolves  round  the  sun  in  365  days,  6  hours, 
56  minutes,  4  seconds,  the  sun  appears  to  revolve  round  the 
Earth  in  the  same  time,  but  in  the  contrary  direction.  It  is 
manifest,  that  the  circle  in  which  the  sun  appears  to  move,  is 
the  same  in  which  the  Earth  would  appear  to  move  to  a  specta- 
tor in  the  sun.  Hence  the  apparent  place  of  the  sun  being 
found,  the  true  place  of  the  Earth  in  its  orbit  is  know  n  to  be 
180°  distant.  The  orbit  in  which  the  Earth  revolves  round  the 
sun,  fig.  112,  is  an  ellipse,  having  the  sun  in  one  of  its  foci. 
For  the  computations  of  the  sun's  place,  upon  this  supposition, 
allowing  for  the  disturbing  forces  of  tlie  planets,  are  found  to 
agree  with  observations.  The  circle  which  the  sun  appears  to 
describe  annually  among  the  more  distant  fixed  stars,  is  called 
the  Ecliptic;  and  a  portion  of  the  heavens,  about  16  degrees  in 
breadth,  through  the  middle  of  which  the  ecliptic  is  traced,  is 
called  the  Zodiac,  in  which  the  orbits  of  all  the  planets  are 
described  by  their  respective  revolutions.  The  stars  round  the 
Zodiac  are  classed  in  12  signs:  Aries,  Taurus,  Gemini,  Cancer, 
Leo,  Virgo,  Libra,  Scorpio,  Sagittarius,  Capricorn,  Aquarius, 
Pisces.  Figures,  representing  these  signs,  are  drawn  in  Dr. 
Jamieson's  Celestial  Atlas,  and  upon  the  Celestial  Globe, 
in  that  portion  of  its  spherical  surface  which  corresponds  to 
the  portion  of  the  concave  sphere  of  the  heavens  in  which  the 
stars  belonging  to  each  sign  are  respectively  found. 


Sj))inff  Sir/ns 
"V  ^ri'es,  the  Ram,  21  St  March. 
S  Taurus,  the  Bull,  19th  April. 
II  Gej«!Hj,theTwins.20lh  May. 
These  are  called  Noilliern  Sign 
Autumnal  Signs. 
:£i   Libra,    the    Balance,   23d 

September. 
X\\  Scorpio,  the  Scorpion,  23d 

October. 
f  Sagittarius,  the  Archer,  22d 
November. 


Sumyner  Signs. 
53  Cancer,  the  Crab,  21st  June. 
SI  Leo,  the  Linn,  22d  July. 
nil  Virgo,  the  Virgin,  22d  Aug. 
,  being  nortli  of  tbe  equinoctial. 

Winter  Signs. 
yf  Capricornus,  the  Goat,  2Ist 

December. 
m  .ie/uarius,  theWater-bcarcr, 

20th  January. 
X     Pisces,    the   Fishes,    19th 
February. 


These  are  called  southern  signs.  The  spring  and  autumnal 
signs  are  called  ascending  signs  ;  because  when  the  sun  is  in 
any  of  these,  his  declination  is  increasing.  The  summer  and 
winter  signs  are  called  descending  signs  ;  because  when  the 
sun  is  in  any  of  these,  his  declination  is  decreasins. 

The  axis  of  the  Earth  in  every  part  of  the  Earth's  revolution 
about  the  sun,  makes,  with  the  plane  of  its  orbit,  that  is,  of  the 
ecliptic,  an  angle  of  66.J  degrees,  consequently  the  planes  of 
the  equator  and  ecliptic  make  with  each  other  an  angle  of  23.^ 
degrees  nearly,  being  the  complement  of  90  degrees.  The 
obliquity  of  the  ecliptic  is  not  permanent,  but  is  continually 
diminishing  by  the  ecliptic  approaching  nearer  to  a  parallelism 
with  the  equator,  at  the  rate  of  about  half  a  second  in  a  year, 
or  from  60"  to  55"  in  100  years.  The  inclination  at  this  time  is 
2:3°  27'  46"  nearly.  The  diminution  of  the  obliquity  of  the 
ecliptic  to  the  equator,  is  owing  to  the  action  of  the  planets 
upon  the  earth,  especially  the  planets  Venus  and  Jupiter.  The 
whole  diminution,  it  is  said,  can  never  exceed  one  degree, 
when  it  will  again  increase.     The  diminution  of  the  obliquity  of 
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the  ecliptic  is  a  couseqiienco  of  the  approach  of  the  Earth's 
axis  towards  a  perpendicular  direction  to  the  plane  of  the 
ecliptic  ;  but  the  Eartli's  axis  has,  besides  the  profjressive 
motion,  a  tremulous  one,  by  which  its  inclination  to  the  plane 
of  the  ecliptic  varies  backwards  and  forwards  some  seconds  : 
the  period  of  these  variations  is  nine  years.  The  tremulous 
motion  is  termed  the  nutation  of  the  Eartli's  axis.  Both  these 
motions  of  the  terrestrial  axis  are  occasioned  by  the  action  of 
the  sun,  moon,  and  planets  on  the  earth. 

There  are  several  other  astronomical  phenomena,  that  belong 
to  these  scientific  views  of  the  Earth  ;  but  we  will  give  them  in 
their  proper  places,  ratlier  than  encumber  this  article  with 
what  is  more  detached. 

The  Moon,  the  Earth's  satellite,  has  motions  eccentric  and  irre- 
{rular.  She  performs  her  sidereal  revolution  in  27d  71i  43'  11",5 
But  this  period  is  variable,  and  on  comparison  of  the  modern 
observations  with  the  ancients,  proves  incontestably  an  accelera- 
tion in  her  mean  motion.  Her  mean  tropical  revolution  is  27d  7h 
43'  4",7;  and  her  mean  synodical  revolution  is  49cl  12li  42'  2",8. 
Her  meandistanee  from  the  earth  is  29-982175  times  the  diameter 
of  the  terrestrial  equator  ;  or  above  2.37,000  miles.  Her  orbit  is 
inclined  to  the  plane  of  the  ecliptic  in  an  angle  of  5°  9' ;  but 
this  inclination  is  variable.  The  greatest  inequality,  which 
sometimes  extends  to  8'  47",1,  is  proportional  to  the  co-sine  of 
the  angle  on  which  the  inequality  of  the  nodes  depends.  Her 
orbit,  at  the  commencement  of  the  present  century,  crossed 
the  ecliptic  in  Os  15°  55'  26", 3 ;  but  the  place  of  her  nodes  is 
variable.  They  have  a  retrograde  motion,  and  make  a  sidereal 
revolution  in  about  18'6  Julian  years.  A  synodical  revolution 
of  the  nodes  is  performed  in  346il  14h  52'  43",6.  The  motion  of 
the  nodes  is  subject  also  to  a  secular  inequality,  dependent  on 
the  acceleration  of  the  Moon's  mean  motion.  The  rotation  of 
the  Moon  on  her  axis  is  equal  and  uniform  ;  and  it  is  performed 
in  the  same  time  as  the  tropical  revolution  in  her  orbit,  whence 
she  always  presents  nearly  the  same  face  to  the  earth.  But, 
as  the  motion  of  the  Moon  in  her  orbit  is  periodically  variable, 
■we  sometimes  see  more  of  her  eastern  edge,  and  sometimes 
more  of  her  western  edge.  This  appearance  is  called  the  libra- 
tionof  the  Moon  in  longitude.  The  axis  of  the  Moon  is  inclined 
to  the  plane  of  the  ecliptic  in  an  angle  of  88°  29'  49".  In  conse- 
quence of  this  position  of  the  Moon,  her  poles  alternately 
become  visible  to,  and  obscured  from  us:  and  this  phenomenon 
IS  called  her  libration  in  latitude.  There  is  also  another  optical 
deception,  arising  from  the  Moon  being  seen  from  the  surface  of 
the  earth,  instead  of  the  centre.  This  appearance  is  called  her 
diurnal  libration.  ThetigureoftheMoon  A,B,C,&c.(fig.  113,)is 
that  of  an  oblate  spheroid  like  the  earth  T.  Her  mean  diameter 
is  in  the  proportion  to  that  of  the  earth,  as  5823  to  213.32  ;  or,  as 
1  to  3-665.  Whence  her  mean  diameter  will  be  about  2160  miles. 
But  the  apparent  diameter  of  the  Moon  varies  according  to  her 
distance  from  the  earth.  When  nearest  to  us,  it  is  33'  31", 1 ; 
and  at  her  greatest  distance  it  is  29'21",5.  Hence  her  mean 
apparent  diameter  is  31'  26" ,5.  The  different  phases  of  the 
Moon  constitute  some  of  the  most  striking  phcuomena  of  the 
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heavens.  When  she  emerges  from  the  sun's  rays,  S,  in  the  even- 
ing, she  appears  as  a  small  crescent,  b,  just  visible ;  but  as  she 


separates  from  the  sun  this  crescent  increases,  c,  rf,  till  in  oppo« 
sition,  e,  when  the  moon  is  completely  illuminated.  This  circia 
changes  reversely  into  a  crescent,  f\gji.  till  the  Moon  has 
plunged  into  the  sun's  rays  in  the  morning  at  sun-rise.  And 
the  crescent  being  always  directed  to  the  sun,  indicates  that  the 
Moon  is  herself  a  dark  opaque  body,  borrowing  her  light  from 
the  sun.  These  diil'erent  phases.  A,  B,  C,  D,  &c.  of  the  Moon 
are  renewed  after  every  conjunction;  and  the  points  of  the 
lunar  orbit,  in  which  the  Moon  is  either  in  conjunction  or 
opposition  to  the  sun,  are  called  the  sf/zi/yies.  In  the  first 
point,  the  Moon  is  new,  in  the  second  full  ;  in  her  first  quarter 
the  Moon  is  90°  from  the  first  point;  in  her  third  quarter  270^ 
from  the  same  point. 

Ulais,  ^  ,  fig.  1 14. — Mars  first  above  the  earth's  orbit  is  easily 
known  by  his  red  and  fiery  appearance.  He  performs  his  side- 
real revolution  in  68Cd  231)  Sty  39",  or  in  1-881  Julian  year;  and 
his  mean  synodical  revolution  is  about  780  days,  or  in  about 
2-135  years.  His  mean  distance  from  the  sun  is  above  14'2 
millions  of  miles.  The  rotation  on  his  axis  is  performed  iu 
111  Ob  39'  21", 3  ;  and  his  mean  diameter  is  4398  miles,  or  rather 

more  than  one  half 
'lilUlii  !l!l  the  size  of  our  earth. 
This  planet  has  a 
very  dense  but  mo- 
derate atmosphere, 
and  he  is  not  attend- 
ed by  any  satellite. 
And  the  proportion 
of  light  and  heat  re- 
ceived by  him  from 
the  sun  is  -43,  that  received  by  tlie  earth  being  considered  as 
unity.  Mars  changes  his  phases  in  the  same  maimer  as  the 
moon  does,  from  her  first  to  her  third  qunrter,  according  to  his 
various  positions  with  respect  to  the  earth  and  sun, 

Vesta  [3  • — This  planet  was  discovered  by  Dr.Olbers,  of  Bre- 
men, on  the  20th  of  March,  1807:  its  distance  from  the  sun  is 
225,435,000  miles,  and  the  length  of  its  year,  3  years  240  days 
5  hours.     Vesta  appears  like  a  star  of  the  fifth  magnitude. 

Juno  If. — Junowas  discovered  by  Mr.  Harding,  of  Lilienthal, 
in  the  duchy  of  Bremen,  on  the  first  of  September,  1804.  It 
appears  like  a  star  of  the  eighth  magnitude:  its  distance  from 
the  sun  is  253,380.485  miles,  and  its  periodical  revolution  is 
performed  in  4  years  and  131  days. 

Ceres  f. — Ceres  was  discovered  by  M.  Piazzi,  astronomer 
royal,  at  Palermo,  in  the  island  of  Sicily,  on  the  1st  of  January, 
1801.  The  length  of  its  year  is  4  years  221  days  13  hours  ;  its 
distance  from  the  snn  is  26"2,903,570  miles,  and  its  diameter, 
according  to  Dr.  Herschel,  is  about  162  miles.  Ceres  appears 
like  a  star  of  the  eighth  magnitude. 

Pallas  $  ,  was  discovered  by  Olbers  on  the  28th  of  March, 
180-2.  Its  distance  from  the  sun  is  253,000,000  miles.  Its 
annual  revolution  is  completed  in  about  4  years  7  months  and 
10  days.  Like  the  two  former  newly  discovered  planets,  its 
diameter  and  diurnal  rotation  are  as  yet  unknown. 

Jupiter,  If.,  fig.  116,  is  about  four  hundred  and  eighty-five 
millions  of  miles  from  the  sun.  It  completes  its  annual  revolu- 
tion in  about  12  years,  moving  at  the  rate  of  29,000  miles  an 
hour.  Its  diameter  is  91,500  miles,  yet  by  an  exceedingly  rapid 
motion  upon  its  axis,  the  diurnal  rotation  is  performed  in  nine 

hours  and  55  minutes  ! 
Notwithstanding  the 
great  distance  of  this 
line  pl.inet  from  the 
sun  and  the  earth,  it 
appears,  to  the  naked 
<-ye,  almost  as  large  as 
\  enus,  though  with  a 
less  brilliant  light. 
When  Jupiter  rises  as 
the  sun  sets,  and  sets 
as  the  sun  rises,  it 
i-omes  to  the  meridian 
at  midnight,  and  ap- 
pears larger  and  more 
luminous  that  at  other 
times.  It  is  a  raoruing 
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star  when  its  longitude  is  less  than  that  of  the  son,  and  an 
evening  star  when  the  longitude  is  greater  than  tliat  of  the 
sun.  Jupiter  is  surrounded  by  faint  substances,  called  zones 
or  belts,  which,  from  their  frequent  change  in  number  and  situa- 
tion, are  generally  supposed  to  consist  of  clouds.  One  or  more 
dark  spots  frequently  appear  between  the  belts  ;  and  when  a 
belt  disappears,  the  contiguous  spots  disappear  likewise.  The 
time  of  the  rotation  of  the  different  spots  is  varialde,  being 
less  by  six  minutes  near  the  equator  than  near  the  poles. 

Satellites  of  Jupiter. — By  the  aid  of  the  telescope  we  may 
discover  four  satellites  revolving  round  Jupiter.  The  side- 
real revolutions  of  these  bodies  are  given  in  the  following 
table:  together  with  their  mean  distances  from  Jupiter,  the 
semidianieter  of  that  planet's  equator  being  considered  as 
unity ;  and  likewise  their  masses,  compared  with  Jupiter, 
considered  also  as  unity. 

Table. 


Satellite. 

Sidereal  Revolulioii. 

Mean 
Distance. 

RIass, 

I. 

II. 
III. 
IV. 

Id  18b  27' 33", 5 

3     13     13  42  ,0 

7       3    42  33   ,4 

16    16    31    49  ,7 

Id  769137788148 

3    551181017849 

7     154552783970 

16    688769707084 

5-81-2904 

9-248li79 

14752401 

25946860 

■0000173281 
■0000232355 
■0000884972 
■0000426591 

The  satellites  of  Jupiter  are  liable  to  be  eclipsed  by  passing 
through  his  shadow  ;  and  on  the  other  hand,  they  are  frequently 
seen  to  pass  over  his  disk,  and  eclipse  a  portion  of  his  surface. 
This  happens  to  the  first  and  second  satellite  at  every  revolu- 
tion ;  the  third  very  rarely  escapes  in  each  revolution  ;  but  the 
fourth  (on  account  of  its  great  distance  and  inclination)  is 
seldom  obscured.  These  eclipses  are  of  great  utility,  in 
enabling  us  to  determine  the  longitude  of  places,  by  their 
observation  ;  and  they  likewise  exhibit  some  curious  pheno- 
mena with  respect  to  light.  From  the  singular  analogy  above 
alluded  to,  it  follows,  that,  (for  a  great  number  of  years  at 
least,)  the  first  three  satellites  cannot  be  eclipsed  at  the  same 
time:  for  in  the  simultaneous  eclipses  of  the  second  and  third, 
the  first  will  always  be  in  conjunction  with  Jupiter,  and  vice 
versa. 

Saturn,  1j,  fig.  117. — Saturn  is  about  eight  hundred  and 
ninety  millions  of  miles  from  the  sun.  It  moves  at  the  rate  of 
22,000  miles  an  hour,  and  performs  its  annual  revolution  in  a 
little  less  than  29j  years.  His  mean  distance  from  the  sun  is 
above  890  millions  of  miles.  The  rotation  on  its  axis  is  per- 
formed in  lOli  16'  19",2  ;  and  the  axis  is  inclined  in  an  angle  of 
58°  41'  to  the  plane  of  the  ecliptic.  His  mean  diameter  is 
76068  miles  ;  consequently  he  is  nearly  ten  times  as  large  as 
our  earth.  The  axis  of  his  poles  is  to  his  equatorial  diameter 
as  11  to  1-2.  The  proportion  of  light  and  heat  received  from 
the  sun  is  -0011  ;  that  received  by  the  earth  being  considered 
as  unity.  Saturn  is  sometimes  marked  by  zones  or  belts, 
which  are  probably  obscurations  in  his  atmosphere  ;  and  he  is 


accompanied  by  seven  satellites.  The  most  singular  pheno- 
menon, however,  attending  this  planet,  is  the  double  ring  with 
which  he  is  surrounded.  This  ring,  which  is  very  thin  and 
broad,  is  inclined  to  the  plane  of  the  ecliptic  in  an  angle  of 
31°  19'  l-2",0 ;  and  revolves  from  west  to  east,  in  a  period  of 
lOli  29'  16", 8,  about  an  axis  perpendicular  to  its  plane,  and 
passi'^g  through  the  centre  of  the  planet.  The  breadth  of  the 
9. 


ring  is  nearly  equal  to  its  distance  from  the  surface  of  Saturn  ; 
that  is,  about  one-tliird  of  the  diameter  of  the  planet.  The 
surface  of  the  ring  is  separated  in  the  middle  by  a  black  con- 
centric band,  which  divides  it  into  two  distinct  rings.  The 
edge  of  this  ring,  being  very  thin,  sometimes  disappears  ;  and, 
as  this  edge  will  present  itself  to  the  sun  twice  in  each  revolu- 
tion of  the  planet,  it  is  obvious  that  the  disappearance  of  the 
ring  will  occur  about  once  in  15  years,  but  under  circumstances 
oftentimes  very  diflerent.  The  intersection  of  the  ring  and  the 
ecliptic  is  in  5s  20°  and  I  Is  20°  ;  consequently,  when  Saturn  is 
in  either  of  those  signs,  his  ring  will  be  invisible  to  us.  On  the 
contrary,  when  he  is  in  2s  '20°  or  8s  20°,  we  may  see  it  to  most 
advantage.  This  was  the  case  towards  the  end  of  the  year  181 1. 
Satellites  of  Saturn. — Seven  satellites  may  be  seen,  by  means 
of  the  telescope,  to  revolve  about  Saturn  ;  the  elements  of 
which  are  but  little  known,  on  account  of  their  great  distance. 
The  followinp^  table  will  shew  the  duration  of  their  sidereal 
revolutions,  and  their  mean  distances  in  semidiameters  of 
Saturn. 


Satellite. 

Sidereal  Revol 

utiun. 

Mean  Distance. 

I. 

0-1  22b  37'  30",  1 

O'l  94271 

3-080 

II. 

1       8    53     8  ,7 

1     37024 

3-952 

III. 

1     21     18  25  ,9 

1     8IS780 

4-893 

IV. 

2     17    44  51   ,1 

2    7.3948 

6-268 

V. 

4     12    -25   11    ,1 

4    51749 

8-754. 

Vf. 

15    -22    41    13  ,9 

15    94.5.30 

20-295 

VII. 

79      7    ti  37  ,4 

79    32960 

59-154 

The  orbit  of  the  first  six  satellites  appear  to  be  in  the  plane  of 
Saturn's  ring;  whilst  the  seventh  varies  from  it  very  sensibly. 

Uranus,  or  Hersc/ie/,  i^ ,  called  also  Grorgium  Sidus,  was  dis- 
covered by  Dr.  Hersehcl  on  the  13tli  of  March,  1781.  Its  dis- 
tance from  the  sun  is  about  one  thousand  eight  hundred  mil- 
lions of  miles,  and  its  diameter  35,000.  Its  annual  revolution 
is  completed  in  about  eighty-four  years,  and  its  rotary  motion 
in  about  the  same  time  as  Saturn.  The  appearance  of  Uranus 
is  that  of  a  star  of  the  sixth  magnitude,  and  therefore 
it  can  scarcely  be  seen  without  a  telescope.  The  intensity 
of  light  or  heat,  on  this  distant  planet,  is  to  that  on  the  earth  as 
376  is  to  100,000.  And  the  sun's  diameter,  as  seen  from 
Uranus,  is  about  the  magnitude  of  Jupiter's  when  in  opposition. 

Satellites  of  Uranus. — Six  satellites  revolve  round  Uranus; 
which,  together  with  their  primary,  can  be  discovered  only  by 
the  telescope.  The  following  table  will  shew  their  sidereal 
revolutions,  and  mean  distances  in  semidiameters  of  the 
primary. 


Satellite. 

.Sidereal  Revolution. 

Mean  Distance 

I. 

ir. 
III. 

IV. 
V. 
VI. 

5'!  24"  25'  20",6 

8     16    57   47  ,5 

10    23       3  59  ,0 

13     10    56  29  ,8 

38       1     48     0  ,0 

107     16    39  56  ,2 

5''  8926 

8    7068 

10    9611 

13    4559 

38    0750 

407    6944 

1 3- 1-20 
17  022 
19-845 
22-7.52 
45-507 
91  008 

All  these  satellites  move  in  a  plane,  which  is  nearly  perpen- 
dicular to  the  plane  of  the  planet's  orbit,  and  contrary  to  the 
order  of  the  signs. 

0/  Comets. — Comets  are  opaque  and  solid  bodies.  A  Comet, 
at  a  given  distance  from  the  earth,  shines  iinich  brighter  wlicn 
it  is  on  the  same  side  of  the  earth  with  the  sun,  than  when  it  is 
on  the  contrary  side;  from  whence  it  appears,  that  it  owes  its 
brightness  to  the  sun.  Of  all  the  comets,  the  periods  of  only- 
three  are  known  with  any  degree  of  certainty.  The  first  of 
these  Comets  appeared  in  the  years  1531,  1607,  and  1682;  and 
is  expected  to  appear  every  76lh  year.  The  second  of  thcin 
appeared  in  15.32  and  1661,  and  was  expected  to  return  in  1789, 
and  every  129th  year  allcrwards.  The  third  having  last 
appeared  in  1680,  and  its  period  being  no  less  than  575  years, 
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cannot  return  until  the  year  2226.  This  Comet,  at  its  greatest 
distance,  is  about  eleven  thousand  two  liundred  millions  of 
miles  from  the  sun  ;  and  at  its  least  distance  from  the  sun's 
centre,  which  is  49,000  miles,  is  within  less  than  a  third  part  of 
the  sun's  semidiametcr  from  his  surface.  In  that  part  of  its 
orbit  which  is  nearest  the  sun,  it  moves  at  the  rate  of  880,000 
miles  in  an  hour.  Tlie  Chinese  astronomers  record  the  ap- 
pearance of  about  300  Comets.  Tlie  tail  of  the  Comet  of  1C80 
was  at  least  100  millions  of  miles  long  ;  and  that  of  1812  was  30 
millions  of  miles.  The  Comets  trace,  around  tlie  sun,  very 
elongated  ellipses,  which  desenerate  into  paraliola;.  Hence 
their  appearance  in  our  heavens  is  only  momentary,  because 
we  can  see  tlieni  in  only  so  small  a  portion  of  the  curve  they 
describe,  tliougli  for  some  it  extends  to  the  confines  of  the  solar 
system.  This  motion  is  without  fixed  direction;  the  Comets 
re-act  every  way,  and  frequent  perturbations  make  their  course 
devious.  Such  effect  did  the  re-action  of  Saturn  and  Jupiter 
produce  on  tlie  comet  of  1759.  By  the  action  of  .lupiter,  that  of 
1770  deviated  so  much  when  towards  its  perihelion,  that  its  orbit 
became  eUiplic.  On  its  return,  the  same  effect  in  a  contrary 
direction  caused  it  to  resume  its  parabolic  course.  The  cause 
of  this  luminosity,  called  the  tail  of  a  Comet,  has  been  thus 
described  : — 

"  Suppose  a  plohe  of  water,  nitli  an  opaque  ball  in  its 
centre — in  other  words,  the  pellucid  atniospjiere  of  a  comet  and 
its  nucleus — suppose  them  placed  in  the  sunshine  (the  situa- 
tion of  a  Coraet  at  all  times,)  is  it  not  then  evident  that  the 
globe  of  water,  with  its  opaque  ball,  would,  by  the  refraction 
and  reflection  of  rays  of  light,  exhibit  all  the  phenomena  of  a 
Comet's  tail,  under  all  the  circumstances  and  variations  of  that 
tail !  By  the  ordinary  laws  of  refraction,  the  tail  would  be 
lengthened  as  it  approached  the  sun,  and  would  shorten  as  it 
receded,  which  we  know  accords  with  the  piienomena. 

"  The  tail  of  a  Comet  is  thence  considered  a  grand  optical 
exhibition  of  the  phenomena  of  light.  As  the  solar  rays  pass 
in  their  ordinary  course  through  the  medium  of  space,  they 
exhibit  no  peculiar  appearances;  but  when  they  impinge  on 
the  atmosphere  of  a  planetary  body,  they  undergo  refractions 
and  reflections  ;  then  they  exhibit  their  general,  visual  pheno- 
mena, whether  it  be  as  condensed  in  the  shape  of  a  Comet's 
tail,  or  in  giving  luminosity  to  the  figure  of  a  planet.  As  the 
spherical  refracting  medium  approaches  the  source  of  light,  the 
foci  of  eonvergeuey  of  course  are  extended,  a:;d  the  quantity 
of  light  is  increased  ;  and  then  is  the  Comet's  tail  of  the  largest 
dimensions,  and  the  most  luminous.  As  it  recedes  from  the 
fountain  of  light,  the  foci  draw  nearer  to  the  Comet,  and  the 
tail  shortens  ;  at  length  the  Comet  recedes  so  far  from  the  sun, 
that  the  quantity  of  light  ceases  to  produce  the  same  visual 
effect,  while  the  increased  distance  from  the  earth  combines 
also  to  render  it  altogether  invisible. 

"  Telescopes  destroy  the  tail,  because  they  magnify  the  space 
without  increasing  the  light,  an  effect  which  is  universal  when 
ihey  are  applied  to  luminous  objects,  but  more  sensible  in 
regard  to  a  Comet's  tail  than  to  any  other  object  of  telescopic 
observation;  serving,  therefore,  to  prove  that  it  is  light  itself, 
rather  than  any  crude  vapour  on  which  light  is  impinging.  The 
stars  are  seen  through  it,  because  they  shine  by  their  inherent 
light,  and  there  is  no  substance  or  opacity  intercepting  their 
rays. 

"  Supposing  that  fluids  and  solids  compose  nearly  equal 
parts  of  Comets,  it  will  not  be  diliieult  to  explain  their  varied 
aspect.  The  sun's  expansive  action  being  null  in  its  aphelion, 
it  exhibits  properties  analogous  to  opaque  bodies,  but  less 
marked,  the  fluids  being  adecpiate  to  produce  a  proper  light. 
In  this  state,  the  Comet  has  a  solid  and  opaque  nucleus  ;  pro- 
portionally greater,  from  the  acpieous  vapours  condensed  from 
its  atmospheres  ;  which  last  is  of  a  moderate  extent. 

"  How  pleasing  is  the  idea  of  contemplating  these  travelling 
worlds,  peopled  with  observers,  employed  in  contemplating 
the  universe  at  large,  as  we  are  busied  in  that  of  an  insignifi- 
cant atom  of  it;  passing  from  one  sun  to  another,  observing 
the  orbits  of  the  celestial  spheres;  viewing  their  particular  and 
general  revolutions;  over  their  heads  thousands  of  years 
rolling,  merely  as  thousands  of  days  over  ours!" 

For  the  laws  by  which  the  planets  are  kept  in  their  respec- 
tive positions,  or  whirled  with  nncrriiig  precision  round  the 


sun,  and   amongst  one  another,  see  the  articles  Attraction 
and  Laws  oi-  Plan  eta  uv  Motion. 

Tlie  Fixed  Stars. — Besides  the  sun,  planets,  and  comets 
which  we  have  noticed,  as  belonging  to  our  system,  there  are 
other  phenomena  that  we  may  observe,  as  the  Fixed  Stars,  dis- 
tinguished from  the  planets,  by  being  less  bright,  less  luminous, 
and  exhibiting  continually  an  appearance,  which  we  call  the 
tu-inktiny  uf  the  stars.  The  Fixed  Stars  are  so  named  from 
their  never  changing  their  situation  with  regard  to  each  other, 
as  the  planets  change  their  places.  They  are,  thence,  considered 
suns  of  other  systems  or  worlds.  How  magnificent  then  is 
this  universe  ! 

1.  The  Fixed  .Stars  are  luminous  bodies.  Because  they 
appear  as  points  of  small  magnitude  when  viewed  through  a 
telescope,  they  must  be  at  such  immense  distances  as  to  be 
invisible  to  the  naked  eye,  if  they  borrowed  their  light;  as  is 
the  case  with  respect  to  the  satellites  of  .Jupiter  and  Saturn, 
although  they  appear  of  very  distinguishahlc  magnitude 
through  a  telescope.  Besides,  from  the  weakness  of  reflected 
light,  there  can  be  no  doubt  but  that  the  Fixed  Stars  shine 
with  their  own  light.  They  are  easily  known  from  the  planets 
by  their  twinkling. 

2.  The  number  of  Stars,  visible  at  any  one  time  to  the  naked 
eye,  is  about  1000;  but  Dr.  Herschel,  by  his  skilful  improve- 
ments of  the  reflecting  telescope,  has  discovered  that  the  whole 
number  is  great  beyond  all  conception.  The  comparative 
brightness  of  the  Stars  is,  Sirius  100,  Canopus  98,  Centauri  '96, 
Achernar  -94. 

3.  The  magnitudes  of  the  Fixed  Stars  appear  to  be  difl"erent 
from  one  another,  which  difference  may  arise  cither  from  a 
diversity  in  the  real  magnitudes,  or  distances  ;  or  from  both 
these  causes  acting  conjointly.  The  dillerence  in  the  apparent 
magnitude  of  the  Stars  is  such  as  to  admit  of  their  being  divided 
into  six  classes,  the  largest  being  called  Stars  of  the  first  mag- 
nitude, and  the  least  which  are  visible  to  the  naked  eye.  Stars 
of  the  sixth  magnitude.  Stars  only  visible  by  the  help  of 
glasses  are  called  telescopic  Stars.  Bode's  catalogue  contains 
17,000  Stars.  Dr.  Halley  very  justly  remarks,  that  the  Stars 
must  be  infinite  in  number,  to  maintain  their  equilibrium  in 
space.  And  Dr.  Herschel  thinks  he  has  seen  Stars  42.000  times 
as  far  oil'  as  Sirius.  In  one  instance,  a  cluster  of  5000  stars, 
in  a  mass,  were  barely  visible  in  the  40-foot  telescope,  and 
consequer.tly  must  have  been  11  trillions  of  miles  oil! 

4.  It  must  not  be  inferred,  that  all  the  Stars  of  each  class 
appear  exactly  of  the  same  magnitude,  there  being  great  lati- 
tude given  in  this  respect;  even  those  of  the  first  magnitude 
appear  almost  all  dill'erent  in  lustre  and  size.  There  are  also 
other  Stars  of  intermediate  magnitudes,  which,  as  astronomers 
cannot  refer  to  any  one  class,  they,  therefore,  place  them 
between  two  ;  or  that,  in  place  of  six  magnitudes,  there  are 
probably  as  many  dill'erent  magnitudes  as  there  are  Stars. 

5.  To  the  naked  eye,  the  Stars  appear  of  some  sensible 
magnitude,  owing  to  the  glare  of  light  arising  from  num- 
berless reflections  of  rays  coming  to  the  eye ;  this  leads  us 
to  imagine,  that  the  Stars  are  much  larger  than  they  would 
appear,  if  we  saw  them  only  by  the  few  rays  which  come  directly 
from  them,  and  entered  the  eye  without  being  intermixed  with 
others.  K.xaminc  a  Fi.xed  Star  of  the  first  magnitude,  through 
a  long  and  narrow  tube,  which,  though  it  takes  in  as  much  of 
the  sky  as  would  hold  a  thousand  such  stars,  scarcely  renders 
that  one  visihle.  Even  our  best  telescopes  do  not  enlarge  these 
gems  ;  and  there  seems  but  little  reason  to  expect,  that  the  real 
magnitudes  of  the  Fixed  .Stars  will  ever  be  discovered  with 
certainty;  we  must,  therefore,  be  contented  with  an  approxi- 
mation, (leduced  from  their  parallax,  and  the  quantity  of  light 
they  aflbrd  us  compared  with  the  sun.  To  this  purpose,  Dr. 
Herschel,  with  a  magnil'jing  power  of  C450,  and  by  means  of 
his  new  micrometer,  found  the  apparent  diameter  of  a  Lyrae  to 
be  0"'335,  or  the  third  of  a  second. 

The  ingenious  observations  of  Kepler  upon  the  magnitudes 
and  distances  of  the  Fixed  Stars,  have  been  followed  by  Dr. 
Halley.  He  observes,  that  there  can  be  only  13  points  upon 
the  surface  of  a  sphere  as  far  distant  from  each  other  as  from 
the  centre  ;  and  sni)posing  the  nearest  Fixed  Stars  to  be  as  far 
from  each  other  as  from  the  sun,  he  concludes,  that  there  can 
be  only  13  Stars  of  the  first  maguitude.     Hence,  at  twice  that 
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distance  from  the  sun,  there  may  be  placed  four  times  as  many, 
or  6'2 ;  at  three  times  that  distance,  nine  times  as  many,  or 
117;  and  so  on.  Tliese  numbers  will  give  pretty  nearly  the 
number  of  stars  of  the  first,  second,  third,  &e.  niau;nitudes. 
Dr.  Halley  farther  remarks,  that  if  the  number  of  Stars  be 
finite,  and  occupy  only  a  part  of  spare,  the  outward  stars 
would  be  continually  attracted  to  those  within,  and  in  time 
would  unite  into  one.  But  if  the  number  be  infinite,  and  they 
occupy  an  inlinitc  space,  all  the  parts  w  ould  be  nearly  in  equi- 
librio,  and  consequently,  each  Fixed  Star  being  drawn  in  oppo- 
site directions,  would  keep  its  place,  or  move  on  till  it  had  found 
an  equilibrium. 

A  Constellation  is  a  number  of  Fixed  Stars,  lying  in  the 
neighbourhood  of  each  other,  which  astronomers,  for  the  sake 
of  remembering  with  more  ease,  suppose  to  be  circumscribed  by 
the  outline  of  some  animal  or  other  figure.    Sec  Constellation. 

An  Eclipse  of  the  Sun  is  caused  by  the  moon  passing  between 
the  sun  and  the  earth ;  and  an  Eclipse  of  the  Moon  is  the  eflect 
of  the  earth  passing  between  the  sun  and  moon.  See  EcLlPsn. 

ASTROSCOPE,  an  astronomical  instrument,  composed  of 
two  cones,  on  whose  surfaces  are  exhibited  the  stars  and  con- 
stellations, by  means  of  which  they  are  both  easily  found  in 
the  heavens.  This  instrument  was  the  invention  of  Schukhard, 
professor  of  mathematics  at  Tubingen,  who  published  a  trea- 
tise expressly  on  it  in  1698. 

ASTIIOSCOPIA,  is  the  art  of  observing  and  examining  the 
stars  with  the  telescope,  in  order  to  discover  their  nature  and 
properties. 

ASTROTHESIA,  an  ancient  term,  nearly  synonyiaous  with 
constellation. 

ASTRUM,  or  Astron,  a  constellation  or  assemblage  of 
stars,  the  same  as  Aster  denotes  a  single  star. 

ASYLUM,  a  sanctuary,  or  place  of  refuge,  where  criminals 
shelter  themselves  from  the  hands  of  justice.  The  asyla  of 
altars,  temples,  tombs,  statues,  &e.  is  very  ancient.  The  Jews 
had  six  cities  of  refuge,  the  temple  and  the  altar  of  burnt-oli'er- 
ing.  The  temple  of  Diana,  at  Ephesus,  was  a  refuge  for  debtors; 
hence,  when  the  apostle  of  our  Lord  preached  salvation  to  the 
worst  of  mankind,  it  included  also  the  hapless  debtor,  who 
would  thus  be  restored  to  the  favour  of  the  Deity;  an  idea  in  no 
ways  compatible  with  the  notions  of  the  heathen  creditor. — 
The  emperors  Houorius  and  Theodosius  granting  particular 
immunities  to  churches,  the  bishops  and  monks  laid  hold  of  a 
certain  *ract  or  territory,  without  which  they  fixed  the  bounds 
of  the  secular  jurisdiction  ;  and  so  well  did  they  manage  their 
privileges,  that  convents,  in  a  little  time,  became  next  akin 
to  fortresses,  where  the  most  notorious  villains  were  in  safety, 
and  braved  the  pow  er  of  the  magistrate. 

ASYMETRY,  without  measure,  a  want  of  proportion 
between  the  parts  of  a  thing,  as  between  the  side  and  diagonal 
of  a  square,  which  are  to  each  other  as  1  :  ,/vJ. 

ASYMPTOTE,  ineoincidcnt,  is  properly  a  right  line,  which 
approaches  continually  nearer  to  some  curve,  whose  asymptote 
it  is  said  to  be,  in  such  sort,  that  wlien  they  are  both  indefinitely 
produced,  they  are  nearer  together  than  by  any  assignable 
finite  distance  ;  or  it  may  otherwise  be  considered  as  a  tangent 
to  the  curve,  when  infinitely  produced,  or  at  an  infinite  distance. 
Two  curves  are  also  said  to  be  asymptotical,  w  hen  they  thus 
continually  approach  indefinitely  to  a  coincidence:  thus  two 
parabolas  placed  with  their  axis  in  the  same  right  line,  are 
asymptotes  to  each  other.  Of  lines  of  the  second  kind,  or 
curves  of  the  first  kind,  that  is,  the  conic  sections,  only  the 
hyperbola  has  asymptotes,  which  arc  two  in  number.  All 
curves  of  the  second  kind  have  at  least  one  asymptote,  but 
they  may  have  three  ;  and  all  curves  of  the  third  kind  may  have 
four  asymptotes,  and  so  on.  The  conchoid,  cissoid,  and  loga- 
rithmic curve,  though  not  geometrical  curves,  have  each  one 
asymptote;  and  the  branch  or  leg  of  the  curve  that  has  an 
asymptote,  is  said  to  be  of  tlie  hyperbolic  kind.  The  nature 
of  an  asymptote  is  very  ditRcult  to  be  conceived  by  persons  who 
are  not  acquainted  with  the  higher  geometry  :  they  cannot 
comprehend  how  two  lines  should  always  continually  approach 
each  other,  without  the  possibility  of  touching  or  coinciding; 
this  mystery,  however,  may  be  elucidated,  and  the  nature  of 
these  lines  readily  comprehended,  by  considering  the  genera- 
tion of  the  conchoid  of  Nicomedes,  which  is  as  follows.     Let 
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F  K  (fig.  118.)  be  any  line  in- 
definite towards  K.  and  from 
the  jjoint  P  let  there  be  drawn 
the  lines  PA  ,  P  B,  P  C,  P  1>, 
&e.  making  the  several  pa'ts 
FA,  GB,  HC,  ID,  KE,  S.C. 
all  equal  to  each  other :  the 
curve  A  B  C  D  E,  &c.  passing 
through  all  the  extremities  A, 
B,  C,  D.  &c.  is  called  the  con- 
choid of  Nicomedes  ;  and  tlie 
line  F  K  produced,  is  the 
asymptote  of  the  curve;  and 
which,  it  is  obvious  from  the 
construction,  can  never  coincide  or  touch  the  curve  itself, 
although  the  latter  continually  approaches  towards  the  former. 
ATAR  OF  Roses,  a  precious  essciice,which  is  easily  obtained, 
provided  the  material  from  which  it  is  extracted  is  supplied 
in  quantities  suftieient  for  the  purpose,  but  unfortunately 
one  hundred  weight  of  roses  generally  yields  but  from  two  ro 
three  ounces  of  Atar.  The  roses,  with  their  calyxes,  are  to  be 
immersed  in  double  their  weight  of  water,  and  distilled  by  a 
very  gentle  heat,  from  which  will  be  obtained  a  very  stronglv 
scented  rose  wine.  This  must  be  cooled  as  quickly  as  possible 
by  the  night  air,  and  the  globular  particles  found  upon  its  sur- 
face, carefully  gathered  tlie  next  morning,  which  are  more 
or  less  abundant,  according  to  the  perfection  of  the  roses.  A 
peculiarly  fragrant  grass  is  employed  in  Persia  along  with  the 
roses,  besides  other  odorous  vegetable  substances  which  that 
rich  climate  produces  ;  hut  although  the  quantity  of  essence  is 
thereby  increased,  its  quality  is  deteriorated.  Even  after  the 
Atar  has  been  gathered,  the  rose-water  that  remains  is  power- 
fully scented.  It  is  not  necessary  to  distil  the  roses  immedi- 
ately after  they  have  been  gathered,  as  that  may  be  incon- 
venient, particularly  on  account  of  the  heat  of  the  weather 
when  tiie  flower  is  produced.  Rose  leaves,  as  well  as  other 
flowers  capable  of  afiordiiig  fragrant  essential  oils,  may  be 
preserved  for  a  long  period,  as  in  a  pot-pourie,  without  losing 
any  of  their  odour,  or  by  being  well  rubbed,  and  mixed  info  a 
paste  with  common  salt.  The  quantity  of  oil  and  water  is 
said  to  be  greatly  increased  by  the  salting  process,  which  is 
indeed  probable.  The  proportion  of  salt  is  one  pound  to  three 
pounds  of  leaves.  The  flowers  being  bruised  by  the  friction 
of  tlie  grains  of  salt,  form  a  paste,  which  should  be  preserved 
in  an  earthen  jar  or  barrel  ;  continuing  the  process  uniformly 
until  the  barrel  or  jar  is  filled,  which  may  be  kept  in  a  cool 
place  for  several  years,  without  impairing  its  flavour  or 
strength.  This  aromatic  paste  may  be  distilled' at  any  season 
of  the  year,  mixing  it  with  about  twice  its  weight  of  water 
before  you  put  it  into  the  still.  Indeed,  in  many  gardens  in 
Britain  a  sufiicient  quantity  of  rose  leaves  might  be  gathered 
in  a  couple  of  years,  to  verify  this  recipe  for  the  extraction  of 
Alar  of  roses.  The  generality  of  perfumes  are  made  up  of 
musk,  civet,  ambergris,  cedar,  roses,  orange  flowers,  jonquils, 
jessamines,  tuberoses,  and  other  odoriferous  flowers  and 
plants  ;  and  their  use  among  the  Hebrews,  and  most  of  the 
Oriental  nations,  was  common,  before  they  were  know  n  to  the 
Greeks  and  Romans.  But  as  the  nervous  system  is  very  much 
afiected  by  the  use  of  these  volatile  drugs,  medical  men 
generally  strongly  condemn  the  practice,  still  so  much  in 
fashion,  of  scenting  the  clothes,  hands,  face,  &c.  with  musk, 
atar  of  roses,  &c. 

ATARGATIS,  a  goddess  of  the  Syrians,  represented  with 
the  head  and  breasts  of  a  woman,  and  the  tail  of  a  fish.  IJoth 
the  Syrians  and  Egyptians  abstained  from  eating  fish,  which 
they  seem  to  have  held  in  singular  dread  and  abhorrence,  and 
when  the  Egyptians  had  to  represent  any  thing  as  odious,  or 
to  express  hatred  by  hierogljpbics,  they  painted  a  fish.  A 
deity  of  the  name  of  Dagon  was  worshipped  under  the  form 
of  a  monster,  which  had  the  head  and  arms  of  a  man,  and  the 
tail  of  a  fish.  This  appears  to  have  been  the  symbol  of  the  sun 
in  Pisces,  and  was  considered  as  the  principle  of  fecuiulitj  ; 
hence  Dagon  seems  to  have  been  employed  to  signify  the 
"  corn  and  fruits  of  the  earth."  No  sign  appears  to  have  been 
considered  of  more  malignant  influence  than  Pisces.  The 
astrological   calendar   describes  the   emblems  accompanying 
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this  coustelhitioii  as  cliiefly  indicative  of  violence  and  doatli  ; 
yet  the  month  of  February,  when  the  sun  was  in  Pisces,  was 
called  Adar  ;  perhaps  in  lionour  of  the  moon,  which  was  adored 
by  tlic  title  Adra  Da^a,  or  the,  "  glorious  hsh." 

ATCHIEVEMENT,  or  Achievement,  in  Heraldry,  the  arms 
of  a  person  or  family,  marshalled  in  order  ;  with  quarterings 
by  alliance,  nioltos,  scrolls,  crest,  mantle,  helmet,  S.:c. 

ATHAMANTA,  spignel. 

ATHANASIA.  goldilocks. 

ATHANASIAN  CuEED.the  exposition  of  faith  composed  by 
Hilary,  bishop  of  Aries,  about  the  year  430,  and  which  was 
received  at  Home  about  the  year  1014,  as  a  summary  of  the 
orlliodox  faith,  and  a  condemnation  of  all  heresies. 

ATHWART,  in  Na\igation,  across  the  line  of  the  course  ; 
atlncart  tlie  forefoot,  the  direction  of  a  cannon  ball  from  one 
ship  across  another,  to  intercept  the  latter,  and  oblige  her  to 
shorten  sail,  and  heave  to,  that  the  former  may  come  near  enough 
and  examine  her.  Atlmart  hause,  the  situation  of  a  ship  when 
she  is  driven  by  wind  or  tide,  or  any  other  accident,  across  the 
fore  part  of  another  ship. 

ATLAS,  in  matters  of  literatiire,  a  book  of  maps,  either 
celestial,  as  Dr.  Jamiesou's  atla:> ;  or  terrestrial,  as  Arrow- 
smith's  atlas. 

ATRIPLEX,  orach,  or  arach. 

ATROPA,  deadly  nightshade,  whose  horrid  black  berries 
and  root  are  the  rankest  poisons. 

.\TT.\CHMENT,  in  Law,  the  apprehending  of  a  person  by 
virtue  of  a  writ.  An  attachment  is  issued  out  of  a  higher 
court  than  a  writ,  and  may  lie  against  the  body  and  goods. 

ATTAINDER,  in  Law,  the  immediate  inseparable  conse- 
quence of  sentence  of  death  being  pronounced  upon  a  criminal : 
or  when  a  person  flees  from  justice,  which  is  tacitly  confessing 
his  guilt,  the  judgment  of  outlawry  is  the  attainder,  for  the 
person  is  stained,  attincttis,  or  blackened,  by  his  own  act. 

ATTITUDE,  in  Painting  and  Sculpture,  the  gesture  of  a 
figure  or  statue ;  or  such  a  disposition  of  their  parts  as  serves 
to  express  the  action  and  sentiments  of  the  person  represented. 

ATTORNEY  at  Law,  one  put  in  the  place  of  another  per- 
son, to  manage  his  matters  in  law.  The  attorneys  are  a  regular 
corps,  admitted  to  the  execution  of  their  duties  by  the  superior 
courts  of  Westminster  Hall,  and  are  in  all  points  officers  of 
the  respective  courts  into  which  they  are  admitted.  The 
Attorney-general,  a  great  officer  appointed  by  the  king's  letters 
patent,  prosecutes  for  the  crown  in  matters  criminal.  His 
proper  place  in  court  is  under  the  judges,  on  the  left  of  their 
clerk  :  usually,  however,  he  sits  witliin  the  bar  in  front  of  the 
court. 

ATTRACTION,  the  tendency  whicli  all  bodies  have  to 
approach  each  other,  is  distinguished  into  the  attraction  of 
cohesion,  and  the  attraction  of  gravitation.  The  attraction  of 
cohesion  takes  place  between  bodies,  only  when  they  are  at 
very  small  distances  from  each  other.  By  this  attraction,  pos- 
sessed by  the  minute  parts  of  matter,  bodies  preserve  their 
form,  and  are  prevented  from  falling  to  pieces.  To  prove  the 
attraction  of  cohesion,  take  two  pieces  of  lead  with  flat  sur- 
faces ;  scrape  them  clean  with  a  knife,  squeeze  them  together, 
and  they  will  adhere  so  firmly  as  to  be  separated  with  difficulty. 
And  if  you  wet  two  bits  of  glass  with  water,  they  also  will 
adhere  (irmly.  Two  globules  of  quicksilver  placed  near  each 
other,  will  run  together,  and  become  one  drop  or  ball. 

A  I'nhte  of  cohesive  Potters  of  different  Soliils. — To  estimate 
the  absolute  cohesion  of  solid  bodies.  Professor  Mussehen- 
broeck,  applied  weights  to  separate  them  according  to  their 
length.  The  pieces  of  w  ood  he  used  were  parallelopipedons, 
whose  side  was  I'^ths  of  an  inch.  The  metal  w  ires  used  were 
^jth  of  a  Rhinland  inch  in  diameter.  They  were  drawn  asunder 
by  the  following  w  eights  : 


lbs. 

Fir 100 

Elm y.50 

Alder lOOO 

Oak Il.'iO 

Beech   ViM 

Ash I'-VjO 

Lead 


ll)S. 

Copper. 2<)i)j 

Brass 300 

Gold .'iOO 

Iron 4.W 

.Silver 370 

Tin 49i 
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Capiltari)  Attraction — is  accounted  a  species  of  cohesion.  It 
is  called  capillary,  from  the  tubes  which  draw  the  water  above 
its  level  being  small  as  hairs.  And  the  suspension  of  lluids  in 
capillary  tubes  is  owing  to  the  attraction  of  the  ring  contiguous 
to  the  upper  surface  of  the  fluid.  The  height  to  which  the 
fluid  rises  is  inversely  as  the  diameter  of  the  bore.  Experi- 
ments: Take  a  small  glass  tube  open  at  both  ends,  dip  it  in 
water,  and  the  water  v\ill  rise  in  the  tube  higher  than  its  level 
in  the  basin  :  the  water  will  rise  the  higher,  the  smaller  the  bore 
of  the  tube  is.  Take  two  pieces  of  glass,  five  or  six  inches 
square,  join  any  two  of  their  sides,  separate  the  opposite  sides 
with  a  small  piece  of  wood,  so  that  the  surface  may  form  a 
small  opening,  and  immerse  them  about  an  inch  deep  in  a  basin 
of  coloured  water  :  then  the  water  will  rise  between  the  glasses, 
and  form  a  very  beautiful  curve.  Upon  the  same  principle  it 
is  that  a  piece  of  sugar,  or  a  sponge,  draws  up  water  or  any 
other  lluid.  All  vegetables  are  but  bundles  of  capillary  tubes  ; 
and  whether  we  consider  earth, water,  salt,  and  oil,  as  the  food  of 
plants,  that  food  must  be  formed  by  water  into  an  emulsion, 
capable  of  being  acted  upon  by  capillary  attraction  ;  unless 
we  suppose  the  juice,  or  food,  to  rise  in  those  tubes  by  some 
law  of  hydraulics.  As  all  the  roots  are  but  assemblages  of 
these  tubes,  there  can  be  little  doubt  but  their  attraction  sup- 
plies the  plant  or  tree  with  its  first  food  ;  though  other  causes, 
no  doubt,  assist  in  carrying  it  to  the  tops  of  the  tallest  trees, 
such  as  dilatation  and  contraction,  by  the  successive  heat  and 
cold  of  day  and  niglit;  the  muscular  action  of  vascular  rings 
round  the  tubes,  irritated  to  contraction  by  the  stimulant  sap, 
&c.  The  interior  bark  conducts  the  nourishment  supplied  by 
the  earth.  Leaves  on  one  side  draw  nutrition  also  from  the 
air,  and  perspire  on  the  other  ;  light  probably  does  the  rest. 
It  is  probably  owing  to  the  various  degrees  of  cohesion,  that 
some  bodies  are  hard  and  others  soft ;  that  some  are  in  a  solid, 
others  in  a  fluid  state.  For  when  attraction  prevails  in  bodies, 
they  become  solid  ;  when  fire  prevails,  they  become  gas ;  hence 
fluidity  seems  a  medium  between  both.  As  it  is  by  the  attrac- 
tion of  cohesion  that  the  parts  of  bodies  are  kept  together, 
this  attraction  is  overcome  when  a  body  is  broken.  Hence 
the  reason  of  soldering  metals,  gluing  wood,  &c.  Hence,  also, 
when  the  particles,  or  moleculae,  of  which  a  body  is  composed, 
so  adhere  the  one  to  the  other,  that  they  cannot  be  separated 
without  effort,  we  say  of  such  a  body  that  it  is  solid  ; — such  are 
metals,  stone,  wood,  &c.  Hence,  also,  sueh  substances  as  are 
composed  of  particles  adhering  very  slightly,  and  which,  yield- 
ing to  any  small  ellort,  are  easily  moved  among  each  other,  we 
term  fluids,  such  as  water,  beer,  air,  &c.  These  properties 
may  result  from  the  different  figures  of  the  particles,  and  the 
greater  or  less  degree  of  attraction  thereupon.  Elasticity  may 
arise  from  the  particles  of  a  body,  when  distended,  not  being 
amply  drawn  into  each  other's  attraction  ;  as  soon,  therefore, 
as  the  force  which  acts  upon  it  ceases,  they  restore  themselves 
to  their  former  position.  Density,  strictly  speaking,  denotes 
the  closeness  of  pai  tides,  and  we  use  the  word  here  as  a 
term  of  comparison,  expressing  the  proportion  or  quantity  of 
matter  in  one  body,  to  the  quantity  in  another.  Repulsion  is 
a  force  supposed  to  extend  to  a  small  distance  round  bodies, 
and  prevent  them  from  coming  in  actual  contact.  The  repel- 
ling force  of  the  particles  of  a  fluid  is  small,  and  therefore,  if 
a  fluid  be  divided,  it  readily  unites  again.  But  if  a  hard  sub- 
stance be  broken,  the  parts  cannot  be  made  to  adhere,  unless 
they  be  moistened  or  melted  according  to  their  nature.  Water 
repels  most  bodies  till  they  are  wet.  A  small  sewing  needle 
will  swim  in  a  basin  of  water.  Drops  of  water  will  roll  on  the 
leaves  of  many  vegetables  without  wetting  them.  If  a  ball  of 
light  wood  be  dipped  in  oil,  and  afterw  ards  dropped  into  water, 
the  water  will  be  repelled  from  the  wood,  and  will  form  a 
channel  round  it.  Density,  therefore,  is  directly  as  the  quan- 
tity of  matter,  and  inversely  as  the  magnitude  of  the  body. 

7'/'f  Attnietion  of  (jraritiition.—Ginyhy  is  that  force  by 
which  all  the  masses  of  matter  tend  towards  each  other,  and 
which  they  exert  at  all  distances.  It  i«  by  this  attraction  that 
the  heavenly  bodies  are  retained  in  theii  several  places,  by  their 
action  on  each  other,  and  it  is  also  by  this  that  a  stone  dropped 
from  a  height  falls  tolhesiirtacc  of  the  earth.  It  is  one  of  the  laws 
of  nature,  that  every  particle  of  matter  gravitates  towards  every 
other  particle.     The  planets  and  comets  all  gravitate  toward* 
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the  sun,  and  towards  each  other,  as  well  as  the  sun  towards 
them,  and  that  in  proportion  to  the  quantity  of  matter  in  each. 
All  terrestrial  bodies  tend  towards  the  centre  of  the  earth, 
consequently  bodies  fall  every  where  perpendicular  to  its  sur- 
face, and  on  opposite  sides  in  opposite  directions.  As  gravity 
acts  upon  all  bodies  in  proportion  to  their  quantities  of  matter, 
it  is  this  attractive  force  that  constitutes  their  weight.  In  all 
places  equidistant  from  the  centre  of  the  globe,  the  force  of 
gravity  is  equal.  The  force  of  gravity  is  greatest  at  the  earth's 
surface,  from  whence  it  decreases  both  upwards  and  down- 
wards. Upwards  the  force  decreases  as  the  square  of  the 
distance  from  the  centre  increases;  but  below  the  surface  of 
the  earth  the  force  of  gravity  decreases,  so  that  at  the  distance 
of  half  a  seraidiameter  from  the  centre,  it  is  but  half  what  it  is 
at  the  surface  ;  at  one-third  of  the  scmidiameter,  one-third  ; 
and  so  on  for  any  other  assumed  distances.  Gravity  and 
weight  are,  in  particular  circumstances,  synonymous  terms. 
We  say  such  a  piece  of  lead  weighs  a  pound,  but  if  by  any 
means  it  could  be  carried  4000  miles  above  the  surface  of  the 
earth,  it  would  only  weigh  four  ounces  ;  and  provided  it  could 
be  removed  8000  miles  above  the  earth,  which  is  three  times 
the  distance  from  the  centre  that  the  surface  is,  it  would  weigh 
only  one-ninth  of  a  pound.  Again,  since  the  force  of  gravity 
downwards  decreases  as  the  distance  from  the  surface 
increases,  16  ounces  would  weigh,  at  one-half  the  distance 
from  the  centre  to  the  surface,  only  eight  ounces,  and  so  on 
for  one-third,  &c.  Hence,  a  piece  of  metal,  Sec.  w  eighing  on  the 
surface  of  tlie  earth  one  pound,  will 

At  the  centre  weigh 0 

1 ,000  miles  from  the  centre J  of  a  pound. 

2,000 i 

3,000 J 

4,000 1 

8,000 i 

12,000 5 

ATTRIBUTES,  in  Theology,  the  several  qualities  or  perfec- 
tions of  the  Divine  nature;  in  Logic,  the  predicates  of  any  sub- 
ject, or  what  may  be  alhrmed  or  denied  of  any  thing:  in 
Painting  and  Sculpture,  symbols  added  to  several  figures,  to 
intimate  their  particular  office  and  character.  Thus,  the  enr/le 
is  an  attribute  of  Jupiter;  the  peacock,  of  Juno  ;  a  club,  of  Her- 
cules ;  a  trident,  and  chariot  with  sea-horses,  of  Neptune;  of 
Hope,  an  anchor;  of  Faith,  a  cioss;  &c. 

ATWOOD'S  M.ACHiMi,  (figure  119,)  illustrates  the  doc- 
trines of  accelerated  motion,  by  subjecting  to  experimental 
examination  the  quantity  of  matter  moved,  the  measure  of  the 
force  which  moves  it,  the  space  described  from  quiescence, 
the  time  of  description,  and  the  velocity  acquired.  The  theory 
of  this  instrument  depends  upon  principles  usually  exhibited 
in  dynamics. 

1.  Of  the  Mass  mover!.. — In  order  to  observe  the  elTects  of 
the  moving  force,  which  is  tlie  object  of  any  experiment,  the 
interference  of  all  other  forces  should  be  prevented :  the 
quantity  of  matter  moved,  therefore,  considering  it  before  any 
impelling  force  has  been  applied,  should  be  without  weight ; 
for  although  it  be  impossible  to  abstract  the  natural  gravity  or 
weight  from  any  substance  whatever,  yet  the  weight  may  be  so 
counteracted  as  to  be  of  no  sensible  effect  in  experiments. 
Thus,  in  the  instrument  constructed  to  illustrate  this  subject 
experimentally,  AB  represent  two  equal  weights  aOixed  to  the 
extremities  of  a  very  fine  and  flexible  silk  line:  this  line  is 
stretched  over  a  wheel  or  fixed  pulley  abed,  moveable  round  an 
horizontal  axis:  the  two  weights,  A  B, being  precisely  equal  and 
acting  against  each  other,  remain  in  equilibrio  ;  and  when  the 
least  weight  is  superadded  to  either,  (setting  aside  the  elTectsof 
friction,)  it  will  preponderate.  When  A  B  are  set  in  motion 
by  the  action  of  any  weight  m,  the  sum  A-|-B-|-m  would  con- 
stitute the  whole  mass  moved,  but  for  the  inertia  of  the 
materials  which  must  necessarily  be  used  in  the  communica- 
tion of  motion:  these  materials  consist  of,  1.  The  wheel  abed, 
over  which  the  line  sustaining  A  and  B  passes.  2.  The  four 
friction  wheels,  on  which  the  axle  of  the  wheel  abed  rests  :  the 
use  of  these  wheels  is  to  prevent  the  loss  of  motion,  which 
would  be  occasioned  by  the  friction  f)f  the  axle,  if  it  revolved 
on  an  immoveable  surface.     4.  The  line  by  which  the  bodies  A 
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and  B  are  connected,  so  as  when  set  in  motion  to  move  with 

equal  velocities.  The  weight 
and  inertia  of  the  line  are 
too  small  to  have  sensible 
effect  on  the  experiments ; 
but  the  inertia  of  the  other 
niaterialsjust  mentioned  con- 
stitutes a  considerable  pro- 
portion of  the  mass  moved, 
and  must  be  taken  into  ac- 
count. Since,  when  A  and  B 
are  put  in  motion,  they  must 
necessarily  move  with  a  ve- 
locity equal  to  that  of  the 
circumference  of  the  wheel 
abed,  to  which  the  line  is 
applied  ;  it  follows,  that  if 
the  w  hole  mass  of  the  w  heels 
were  accumulated  in  this  cir- 
cumference, its  inertia  would 
be  trrrly  estimated  by  the 
quantity  of  matter  moved : 
but  since  the  parts  of  the 
wheels  move  with  different 
velocities,  their  efl'ects  in  re- 
sisting the  communication  of 
motion  to  A  and  B  by  their 
inertia  will  be  dili'erent;  those 
parts  which  are  furthest  from 
the  axis  resisting  more  than 
those  which  revolve  nearer, 
in  a  duplicate  proportion  of 
those  distances.  If  the  figures 
of  the  wheels  were  regular, 
from  knowing  their  weights 
and  figures,  the  distances  of 
their  cenlresof  gyration  from 
their  axes  of  motion  would 
become  known,  and  conse- 
quently an  equivalent  w  eight, 
which  being  aceumulated 
uniformly  in  the  circunife- 
rencenicrf,  would  exert  an 
inertia  equal  to  that  of  tho 
wheels  in  their  constructed  form.  But  as  the  figures  arc 
wholly  irregular,  recourse  must  be  had  to  experiment,  to  assign 
that  equivalent  quantity  of  matter,  which  being  accumulated 
uniformly  in  the  circumference  of  the  wheel  abcd,\\ou\<\  resist 
the  communication  of  motion  to  A  in  the  same  manner  as  the 
wheels.  In  order  to  ascertain  the  inertia  of  the  wheel  abed 
with  that  of  the  friction-wheels,  the  weights  k  B  being  removed, 
the  following  experiment  was  made  :  A  weight  of  thirty  grains 
was  affixed  to  a  silk  line,  (the  weight  of  which  was  not  so  much 
as  itir  of  a  grain,  and  consequently  too  inconsiderable  to  have 
sensible  effect  in  the  experiment;)  this  line  being  wound  about 
the  wheel  abed,  the  weight  30  grains  by  descending  from  rest 
communicated  motion  to  the  wheel,  and  by  manv  trials  was 
observed  to  describe  a  space  of  about  38.J  inches  iii  3  seconds. 
From  these  data  the  equivalent  mass  or  inertia 
of  the  w  heels  will  be  known  from  this  rule  :  Let 
a  weight,  P,  (fig.  120,)  be  applied  to  communicate 
motion  to  a  system  of  bodies  by  means  of  a  very 
slender  and  flexible  line  going  round  the  wheel 
S  L  D  I  M,  through  the  centre  of  which  the  axis 
passes,  (G  being  the  common  centre  of  gravity,  R 
the  centre  of  gravity  of  the  matter  cont:iiiie<l  in 
this  line,  and  O  the  centre  of  oscillation.)  Let 
this  weight  descend  from  rest  through  any  con- 
venient sj)ace  s  inc'hes,  and  let  the  observed  time 
of  its  descent  be  t  seconds  ;  then  if  /  be  the  spaco 
through  which  bodies  descend  freely  by  gravity 
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in  one  second,  the  equivalent  weight  sought  =r 


w  X  s R  X  so 


X  t-; 


X 


P.     Here  we  have  p  z:  30  grains,  t  r=  3  seconds. 
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!—  193  inches,  *  =  38o  inches  ;  and 


P  X  t'/  _  30  X  9  X  193 

4-  385 

30  ~  1323  f!;iaiiis,  or  2J  ounces.  This  is  the  inertia  equiva- 
lent to  that  of  the  wheel  abed,  and  the  friction-wheels  together; 
for  tlie  rule  extends  to  tlie  estimation  of  the  inertia  of  the  mass 
contained  in  all  the  wheels.  The  resistance  to  motion,  there- 
fore, arising  from  the  h  heels' inertia,  will  he  the  same  as  if 
they  were  absolntcly  removed,  and  a  mass  of  2}  ounces  were 
uniforndy  accumulated  in  the  circnnifercncc  of  the  w  heel  abed. 
This  heing  premised,  let  the  hoxes  A  and  15,  fig.  119,  he 
replaced,  being  suspended  hy  the  silk  line  over  the  wheel  or 
pulley  abed,  and  balancing  each  other:  suppose  that  any 
weight  m  be  added  to  A,  so  that  it  shall  descend,  the  exact 
quantity  of  matter  moved,  during  the  descent  of  the  weight  A, 
will  be  ascertained,  for  the  whole  mass  will  be  A-f-  B-|-m-(-2J  oz. 
In  order  to  avoid  troublesome  computations  in  adjusting  the 
quantities  of  matter  moved  and  the  moving  forces,  some  deter- 
minate weight  of  convenient  magnitude  may  he  assumed  as  a 
standard,  to  which  all  the  others  arc  referred.  This  standard 
weight  in  the  subsequent  experiments  is  j  of  an  ounce,  and  is 
represented  by  the  letter  m.  The  inertia  of  the  wheels 
being  therefore  :=  2|  ounces,  will  be  denoted  by  Urn.  A 
and  B  are  two  boxes,  constructed  so  as  to  contain  dilVcrent 
quantities  of  matter,  according  as  the  experiment  may 
require  them  to  be  varied  ;  the  weight  of  each  box,  including 
the  hook  to  which  it  is  suspended,  =  I  ^  oz.,  or  according  to  the 
preceding  estimation,  the  weight  of  each  box  will  be  denoted 
by    6m;    these  ^^^^^ 
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boxes     contain  -   —  ""y"^-  ^Vll^J- 

such  weights  as 

are  represented 

by  fig.  122,  each 

of  which  weighs 

an  ounce,  so  as 

to  be  equivalent 

to     4  ni ;     other 

weights  of  \  oz.  rr  2hi,  -J  iz  m,  and  aliquot  parts  of  ni,  such  as 

J,  }  m,  may  be  also  included  in  the  boxes,  according  to  the 

conditions  of  the  dill'erent  experiments  hercafler  described. 

If4Joz.  or  19»!,  be  included  in  either  box,  this,  with  the 
weight  of  the  box  itself,  will  be  2.5  7h  ;  so  that  when  the  weights 
A  and  B,  each  being  25  »h,  are  balanced  in  the  manner  above 
represented,  their  whole  mass  will  beSOm,  which  being  added 
to  the  inertia  of  the  wheels  1 1  m,  the  sum  will  be  61  m.  More- 
over, three  circular  weights,  such  as  that  w  hich  is  represented  at 
tig.  122,  are  constructed  ;  each  of  which  =:  J  oz.  or  m  :  if  one 
of  these  be  added  to  A  and  one  to  B,  the  whole  mass  will  now 
become  63  w,  perfectly  in  equilibrio,  and  moveable  by  the  least 
weight  added  to  either,  (setting  aside  the  edeets  of  friction,)  in 
the  same  manner  precisely  as  if  the  same  weight  or  force  were 
applied  to  communicate  motion  to  the  mass  63  )h,  existing  in 
free  space  and  without  gravity. 

2.  The  mnviiiff  Force.  Since  the  natural  weight  or  gravity  of 
any  given  substance  is  constant,  and  the  exact  quantity  of  it 
easily  estimated,  it  will  be  convenient  here  to  apply  a  weight 
to  the  mass  A  as  a  moving  force  :  thus,  when  the  system  con- 
sists of  a  mass  :z:  63  m,  according  to  the  preceding  description, 
the  whole  being  perfectly  balanced,  let  a  weight  7^  oz.  or  m, 
such  as  is  represented  in  fig.  123,  be  applied  on  the  nmss  A  ; 
this  will  comnmnicate  motion  to  the  whole  system:  by  adding 
a  quantity  of  matter  hi  to  tlie  former  mass  63  m,  tlie  whole 
quantity  of  matter  moved  will  now  become  64  m  ;  and  the  mov- 
ing force  being  :=  m,  this  will  give  the  force  which  accelerates 
m 


tlic  descent  of  A  iz: 


64  Hi' 


part  of  the  accelerating  force 


by  which  the  bodies  descend  freely  towards  the  earth's  surface. 
By  the  preceding  construction,  the  moving  force  may  lie 
altered  without  altering  the  mass  moved  ;  for,  suppose  the  tliiee 
weights  m,  two  of  which  arc  placed  on  A,  and  one  on  B,  to  be 
removed,  then  will  A  balance  B.  If  the  weights  3  hj  be  all 
placed  on  A.  the  moving  force  will  now  become  3  m,  and  the 
mass  moved  64  m  as  before,   and   the  force  whieii  accelerates 


3  HI 

the  desceat  of  .\  =1  — —  r: 

04  HI 


f   parts   of  the   force   by   which 


gravity  accelerates  bodies  in  their  free  descent  to  the  surface. 
Suppose  it  were  required  to  make  the  moving  force  2hi,  the 
mass  moved  continuing  the  same.  In  order  to  efieet  this,  let 
the  three  weights,  each  of  which  n  m.  be  removed  ;  A  and  B 
will  balance  each  other;  and  the  whole  mass  will  be  61  hi  : 
Ict^jM  lig.  123,  be  added  to  A,  and  \  m  to  B,  the  equilibrium 
will  still  be  preserved,  and  the  mass  moved  will  be  62  »h  ;  now 
let2?H  be  added  to  A,  the  moving  force  will  be  2  hi,  and  the 
mass  moved  64  m  as  before  ;  w  herefore  the  force  of  accelera- 
tion zz  J,  part  of  the  acceleration  of  gravity.  These  alterations 
in  the  moving  force  may  be  made  with  great  ease  and  conve- 
nience in  the  more  obvious  and  elementary  experiments,  there 
being  no  necessity  for  altering  the  contents  of  the  boxes  .\.  and 
B  ;  but  the  proportion  and  absolute  quantities  of  the  moving 
force  and  mass  moved  may  be  of  any  assigned  magnitude, 
according  to  the  conditions  of  the  proposition  to  be  illustrated. 

3.  Of  the  Spaee  described. — The  body  A,  fig.  119.  descends  in 
a  vertical  line  ;  and  a  scale  about  64  inches  in  length  graduated 
into  inches  and  tenths  of  an  inch  is  adjusted  vertic;dly,  and  so 
placed  that  the  descending  weight  A  may  fall  in  the  middle  of 
a  square  stage,  fixed  to  receive  it  at  the  end  of  the  descent : 
the  beginning  of  the  descent  is  estimated  from  o  on  the  scale, 
tvlieu  the  bottom  of  the  box  A  is  on  a  level  with  o.  The 
descent  of  A  is  terminated  when  the  bottom  of  the  box  strikes 
the  stage,  which  may  be  fixed  at  dilferent  distances  from  the 
point  o  ;  so  that  by  altering  the  position  of  the  stage,  the  space 
described  from  quiescence  may  be  of  any  given  magnitude  less 
than  64  inches. 

4.  T/ie  Time  of  mntion,  is  observed  by  the  beats  of  a  pendulum, 
which  vibrates  seconds;  and  the  experiments,  intended  to 
illustrate  the  elementary  propositions,  may  be  easily  so  con- 
structed, that  the  lime  of  motion  shall  be  a  whole  number  of 
seconds  :  the  estimation  of  the  time,  therefore,  admits  of  con- 
siderable exactness,  provided  the  observer  takes  care  to  let 
the  bottom  of  the  box  A  begin  its  descent  precisely  at  any  beat 
of  the  pendulum  ;  then  the  coincidence  of  the  stroke  of  the  box 
against  the  stage,  and  the  beat  of  the  pendulum  at  the  end  of 
the  time  of  motion,  will  shew  how  nearly  the  experiment  and 
the  theory  agree  together.  There  might  he  various  mechanical 
devices  thought  of  for  letting  the  weight  A  begin  its  descent 
at  the  instant  of  a  beat  of  the  pendulum  W :  let  the  bottom  of 
the  hex  A,  when  at  o  on  the  scale,  rest  on  a  fiat  rod,  held  in 
the  hand  horizontally,  its  extremity  being  eoiufident  with 
o  ;  by  attending  to  the  beats  of  the  pendulum,  and  with  a  little 
practice,  the  rod  which  supports  the  box  A  may  be  removed  at 
the  moment  the  pendulum  beats,  so  that  the  descent  of  A  shall 
commence  at  the  same  instant. 

5.  Of  the  Vehcitij  artjiiircd. — tt  remains  only  to  describe  in 
what  manner  the  velocity  acquired  by  the  descending  weight 
A,  at  any  given  point  of  the  space  through  which  it  has 
descended,  is  made  evident  to  the  senses.  The  velocity  of  A's 
descent  being  continually  accelerated,  will  be  the  same  in  no 
two  poinis  of  the  space  described.  This  is  occasioned  by  the 
constant  action  of  the  moving  force  ;  and  since  the  velocity  of 
A  at  any  instant  is  measured  by  the  space  which  would  be 
described  by  it,  moving  uniformly  for  a  given  time  with  the 
velocity  it  had  acquired  at  that  instant,  tliis  measure  cannot 
be  experimentally  obtained,  except  by  removing  the  force  by 
which  the  descending  body's  acceleration  was  caused.  In 
order  to  shew  in  what  manner  this  is  afiected  practically,  let  us 
again  suppose  the  boxes  A  and  Bzr  25  ni  each,  so  as  together 
to  be^  .5(3  m ;  now  let  m,  fig.  121,  be  added  to  A,  and  an  equal 
weight  hi  to  B,  these  bodies  "ill  balance  each  other,  and  the 
w  hole  mass  will  be  63 hi.  If  a  weight  hi  be  added  to  .\.  motion 
will  be  communicated,  the  moving  force  being  ni,  and  the  mass 
moved  64m.  In  estimating  the  moving  force,  the  circular 
weight  zz  m  was  made  use  of  as  a  moving  force:  but  for  the 
present  purpose  of  shewing  the  velocity  ac(piired,  it  will  be 
convenient  to  use  a  (lat  rod,  the  weight  of  which  is  also~  m. 
Let  the  bottom  of  the  box  A  be  placed  on  a  level  with  o  on 
the  scale,  the  whiile  mass  being  as  described  above  zz  6.3  m, 
perfectly  balanced  in  ecpiilibrio.  Now  let  the  rod,  the  weight 
of  which  =im,  be  ])laced  on  the  up|>cr  surface  of  A  ;  this  body 
will  descend  along  the  srale  precisely  in  tlie  same  manner  as 
when  the  moving  force  was  applied  in  the  form  of  a  circular 
weight.     Suppose  the  mass  A,  (fig.  121.)  to  have  descended  by 
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constant  acceleration  of  force  of  ni,   for  any  given  time,  or 
through  a  given  space  :  let  a  circular  frame  he  so  allixed  to 
the  scale,  contiguous  to  wliich  the  weight  descends,  that  A 
may  pass  centrally  through  it,  and  that  this  circular  frame  may 
intercept  the  rod  m,  hy  which  the  hody  A  has  heen  accelerated 
from  quiescence.      Alter  the  moving  force  ni  has  heen  inter- 
cepted at  the  end  of  the  given  space  or  time,  there  will  he  no 
force  operating   on  any  part  of  the  system,  which  can  acce- 
lerate or  retard  its  motion :  this  heing  the  case,  the  weight  A, 
the  instant  after  m  has  heen  removed,  must  proceed  uniformly 
with  the  velocity  which  it  had  acquired  that  instant :  in  the 
suhsequent  part  of  its  descent,  the  velocity   heing  uniform, 
will  he  measured  by  the  space  described  in  any  convenient 
number  of  seconds.     Among  other  uses  of  the  instrument,  is 
the  experimental  estimation  of  the  velocities  communicated  by 
the  impact  of  bodies  elastic  and  non-elastic;  the  quantity  of 
resistance  opposed  by  fluids,  as  well  as  for  various  other  pur- 
poses.    The  properties  of  retarded  motion  area  part  of  the 
present  subject,  and  may  be  necessary  to  shew  in  what  manner 
the  motion  of  bodie.s  resisted  by  constant  forces   are  reduced 
to  experiment  by  means  of  the  instrument  above  described, 
with  as  great  ease  and  precision  as  the  properties  of  bodies 
uniformly  accelerated.     A  single  instance  will   be  sullicient  : 
Thus,  suppose   the  mass  contained  in   the  weights  A  and   B, 
fig.  1'21,  and  the  wheels  to  be  61m,  when  perfectly  in  eqnilibrio ; 
let   a    circular 
weight    jj!     be 
applied   to   B, 
and     let     two 
long  weights  or 
rods,    each  := 
VI,  be   applied 
to  A,  then  will 
A  descend  by 
the    action    of 
the        moving 
force    VI,     the 
mass      moved 
being      64  m  : 
suppose     that 
when     it     has 
described    any 
given  space  by 
constant  acce 
leration,      the 
two  rods  VI  are 
intercepted  by 
the        circular 
frameabovede- 
seribed,   while 
A,  is  descend- 
ing through  it, 
the  velocity  ac- 
quired  by  that 
descent  is 

known;  &  when 
the  two  rods 
are  intercept- 
ed, the  weight 
will  begin  to 
move  on  with 
thevelocily  ac- 
quired, being 
now     retarded 

by  the  constant  force  m  ;  and  since  the  mass  moved  is  62  m,  it 
follows  that  the  force  of  lelardation  will  be  J,  part  of  that  force 
whereby  gravity  retards  bodies  thrown  perpendicularly  up- 
wards. The  weight  A  will  therefore  proceed  along  the  graduated 
scale  in  its  descent  with  an  uniformly  retarded  motion,  and  the 
space  described,  times  of  motion,  and  velocities  destroyed  by  the 
resisting  force,  will  be  subject  to  the  same  measures  as  in  the 
examples  of  accelerated  motion  above  described.  In  the  fore- 
going descriptions,  two  suppositions  have  been  assumed, 
neither  of  which  is  mathematically  true  :  but  it  may  be  easily 
shewn  that  they  are  so  in  a  physical  sense  ;  the  errors  occa- 
sioned by  them  in  practice  being  iiisensible. 


1.  The  force  which  communicates  motion  to  the  system  haa 
been  assumed  constant ;  which  will  be  true  only  on  a  supposi- 
tion that  the  line,  at  the  extremities  of  which  the  weights  A  and 
B,  fig.  119,  are  affixed,  is  without  weight.  In  order  to  make 
it  evident  that  the  line's  weight  and  inertia  are  of  no  sensible 
ellect,  let  a  case  be  referred  to,  wherein  the  body  A  descends 
through  48  inches  from  rest  by  the  action  of  the  moving 
force  wi,  when  the  mass  moved  is  64;h;  the  time  wherein  .\ 
describes  48  inches  is  increased  by  the  ellccts  of  the  line's 
weight  by  no  more  than  To&th  parts  of  a  second ;  the  time  of 
descent  being  3-9896  seconds,  when  the  string's  weight  is  not 
considered,  and  the  time  when  the  string's  weight  is  taken 
into  account  n4  0208  seconds  ;  the  dillcrence  between  which 
is  wholly  insensible  hy  observation. 

2.  The  bodies  have  also  been  supposed  to  move  in  vacuo, 
whereas  the  air's  resistance  will  have  some  effect  in  retarding 
their  motion :  but  as  the  greatest  velocity  communicated  in 
these  experiments  cannot  much  exceed  that  of  about  26  inches 
in  a  second,  (suppose  the  limit  26-2846,)  and  the  cylindrical 
boxes  being  about  IJ  inches  in  diameter,  the  air's  resistance 
can  never  increase  the  time  of  descent  in  so  great  proportion 
as  that  of  240  :  241  ;  its  effects  therefore  will  be  insensible  in 
experiment.  The  effects  of  friction  are  almost  wholly  removed 
Ijy  the  friction-wheels  ;  for  when  the  surfaces  are  well  polished 
and  free  from  dust,  &c.  if  the  weights  A  and  B  be  balanced  in 
perfect  equilibrio,  and  the  whole  mass  consists  of  6.3  in,  accord- 
ing to  the  example  already  described,  a  weight  of  IJ  grain,  or 
at  most  2  grains,  being  added  either  to  A  or  B,  will  communi- 
cate motion  to  the  whole  ;  which  shews  that  the  ellects  of  fric- 
tion will  not  be  so  great  as  a  weight  of  1^  or  2  grains.  In  some 
eases,  however,  especially  in  experiments  relating  to  retarded 
motion,  the  effects  of  friction  become  sensible;  but  may  be 
very  readily  and  exactly  removed  by  adding  a  small  weight  of 
1-.5  or  2  grains  to  the  descending  body,  taking  care  that  the 
weight  added  is  such  as  is  in  the  least  degree  smaller  than 
that  which  is  just  sufficient  to  set  the  whole  in  motion,  when 
A  and  B  are  equal,  and  balance  each  other  before  the  moving 
force  is  applied.— The  foregoing  article  is  taken  nearly  verba- 
tim from  Dr.  Gregory's  Mechanics  ;  and  the  instrument  may  be 
purchased  for  £'28,  at  Harris's,  50,  High  Holborn. 

AUGUST,  the  eighth  month  of  the  year,  when  we  have  in 
season— of  Aleat :  beef,  mutton,  veal,  lamb,  buck,  venison,  &c. 
Poultry:  pullets,  fowls,  chickens,  green  geese,  turkey  poults, 
ducklings,  leverets,  rabbits,  pigeons,  pheasants,  wild  ducks, 
wheatears,  plovers.  Fish  :  cod,  haddock,  flounders,  plaice, 
skate,  thornhack,  mullets,  raaekarel,  herrings,  pike,  carp,  eels, 
lobsters,  crawfish,  prawns,  oysters.  Vegetables:  carrots,  tur- 
nips, potatoes,  radishes,  onions,  garlic,  shalots,  scorzonera, 
salsifie,  peas,  beans,  kidney  beans,  mushrooms,  artichokes, 
cabbages,  eaulillowcrs,  sprouts,  beets,  celery,  endive,  pinocha, 
parsley,  lettuce,  salads,  thyme,  marjoram,  sweet  herbs,  savoy. 
Fruit :  peaches,  nectarines,  plums,  cherries,  apples,  pears, 
grapes,  fis^s,  filberts,  mulberries,  strawberries,  gooseberries, 
currants,  melons,  pineapples. 

The  liotanicul Kalenrlar  for  August. — Many  seeds  and  herba- 
ceous vegetables  ripen  in  this  month,  and  most  of  the  culinary 
crops  raised  in  the  open  garden,  are  now  in  perfection.  Insects, 
especially  the  winged  tribes  of  butlerllies,  abound,  and  the 
gardener  should  destroy  them,  or  collect  them  for  specimens. 
Numbers  of  beautiful  insects  may  thus  be  gathered,  even  while 
at  work.  The  young  martins  begin  to  congregate  ;  bees  kill  their 
drones  ;  numerous  birds  resume  their  spring  notes;  the  goatsuck 
ers  and  joung  owls  hoop  and  make  a  noise  in  the  evenings. 
Melilot,  yellow  succory,  burdock,  tobacco,  wild  clary,  meadow 
rice,  plowman's  spikenard,  mallows,  hollyhocks,  lobelias,  cro- 
cuses, &e.  are  in  flower.  Bread  corns  ri[)en,and  the  earlier  varie- 
ties of  all  the  kernel  fruits  ripen.  Sow  turnips  for  a  main  crop 
early  in  thisinonlh,  salads,  radishes,  parsley,  spinage,  carrots, 
endive,  chervil,  for  winter  and  spring  crops  ;  cauliflowers  to 
stand  over  winter,  in  sheltered  borders  and  under  frames. 
Propagate  by  slips  and  cuttings  ;  transplant  leeks  and  peren- 
nials; hoe,  thiji,  weed,  and  stir  winter  crops  ;  clear  off  all  crops 
the  moment  they  are  done  with;  gather  pickling  cucumbers 
and  ripe  seeds.  Plant  strawberries;  prune,  regulate,  and 
train  summer  shoots  of  wall  trees  and  espaliers.  Mat  up  all 
fruits   on    north  walls,  intended  to  be   preserved  till   late  in 
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autumn.  Gather  fooselicrries,  currants,  and  all  ripe  fruit. 
Pljint  ever<creens,  repair  lawns,  destroy  ferns,  nettles,  and 
Wfcds  about  park  secnery  and  fences.  Take  up  bulbs,  trans- 
plant biennials,  Sec. 

AULA  Regis,  a  court  established  by  William  the  Conqueror, 
in  his  own  hall,  and  composed  of  the  great  ollieers  of  state. 
The  11th  article  of  Magna  Cliarta  regulates  this  court,  which  is 
now  established  in  Westminster  Hall.     See  King's  Bench. 

AULIC  Council,  composed  of  the  great  olBcers  of  the  Ger- 
man empire, always  follows  the  emperor's  court,  but  ceases  on 
his  death;  whereas  the  imperial  chamber  of  assize  is  perpetual, 
and  represents  not  only  the  deceased  emperor,  but  the  whole 
Germanic  body.  Ai;lic,  in  the  Sorbonne,  &c.  is  an  act  whicli 
a  young  divine  maintains,  upon  being  admitted  a  doctor  of 
divinity.  It  commences  by  an  harangue  of  the  chancellor, 
addressed  to  the  young  doctor,  after  which  he  receives  the  cap, 
and  presides  at  the  aulic  or  disputation. 

AURIGA,  in  Astronomy,  the  Waggoner  or  Charioteer,  a 
mere  type  or  scientific  symbol  of  that  beautiful  fable  which  is 
given  us  of  Phaeton ;  or.  more  properly,  he  may  be  the  attendant 
of  Phoebus  at  that  remote  period  when  Taurus  opened  the 
year.  The  boundaries  and  contents  of  this  constellation  are 
these: — North  by  Camelopardalis,  east  by  Lynx,  Herschel's 
Telescope,  and  Gemini  ;  south  by  Taurus,  and  west  by  Per- 
seus. Auriga  contains  66  stars,  one  of  the  1st  magnitude,  two 
of  the  2d  magnitude,  nine  of  the  fourth.  See.  The  declination 
generally  is  45°  north,  and  its  right  ascension  75°.  A  large 
portion  of  this  constellation  is  always  above  the  horizon  to  the 
British  isles,  and  consequently  to  all  places  in  corresponding 
latitudes.  The  Charioteer's  head  passes  vertically  over  England 
and  Ireland.  The  most  remarkable  star  in  this  constellation, 
and  indeed  in  this  quarter  of  the  firmament,  is  Capella,  of  the 
1st  magnitude,  situated  on  Auriga's  left,  or  western  shoulder; 
its  north  declination  is  45°  47'  18",  and  its  right  ascension  75° 
51'  3",  or  5  hours  3  minutes  in  time.  Capella  culminates  for 
the  first  day  of  each  month  in  the  year,  as  follows  ;  and  by 
adding  12  hours  to  the  culminating  of  this  or  any  other  star, 
we  determine  the  time  it  is  on  the  meridian  under  the  pole. 
Meridian  altitude,  84°  16'  18"  north. 
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AURORA  BOREALIS,  or  Northern  Twilirihts,  or  streamers, 
may  be  defined  an  electrical  phenomena,  or  aijrial  electricity, 
whii'.h  is  seen  generally  in  the  winter  time,  and  in  frosty  wea- 
ther and  clear  evenings,  in  the  Hyperborean  regions  of  tlie  skies. 
This  meteor  assumes  every  variety  of  tint  that  embellishes  the 
iris  or  rainbow,  but  wears  generally  a  fiery  and  purple  hue. 
Its  appearance  is  indeed  now  so  generally  known,  even  in  this 
country,  that  a  more  particular  description  is  not  requisite  : 
but  it  may  be  just  observed,  that  as  we  only  see  the  extremities 
of  this  brilliant  phenomenon,  we  can  have  but  a  faint  idea  of 
its  real  splendour  in  the  arctic  regions,  where  it  appears  in 
perfection,  and  proves  a  great  solace  to  the  inhabitants  amidst 
the  gloom  of  the  long  winter  nights.  In  some  parts  of  Siberia, 
particularly,  this  beautiful  meteor  is  constantly  exhibited  from 
October  to  Christmas,  and  its  radiating  beams  in  those  parts 
are  remarkably  bright. 

Captain  Ellis,  who  wintered  on  the  western  coast  of  Hud- 
son's Bay  in  North  America,  observes,  that  no  sooner  does  the 
sun  disappear  in  those  regions,  than  the  aurora  borealis  dilluscs 
a  thousand  different  lights  and  colours  over  the  whole  con- 
cavity of  lieavcn,  with  such  resplendent  beauty,  that  even  the 
full  moon  cannot  eclipse  their  lustre.  It  was  for  a  long  time  a 
matter  of  doubt  wlulln'r  this  meteor  made  its  appearance  in 
the  southern  hemisphere  ;  but  Mr.  Foster,  who  went  round  the 
world  witli  Captain  Cook.  ascertaine<l  tlic  fact,  Feb.  17,  1773, 
in  lat.  58'^  south,  though  it  appeared  with  phenomena  some- 
what dilTcrent  from  ours.  Concerning  the  cause  of  the  aurora 
borealis,  many  conjectures  have  been  formed  ;  but  that  which 
jeems  to  be  supported  by  the  most  specious  reasoning  ascribes 
iU  origin   to  electricity.     It  is   supposed,  that   most  of  the 


extraordinary  meteors  and  appearances  in  the  skies,  related  as 
prodigies  by  historians,  e.  y.  battles,  and  the  like,  may  be  pro- 
bably enough  reduced  to  the  class  of  aurora:  horeates.  In 
certain  states  of  the  atmosphere  these  phenomena  have  some- 
times assunaed  the  colour  of  blood,  and  made  a  dreadful 
appearance.  At  these  times  the  rustic  sages  became  pro- 
phetic, and  terrified  the  gazing  spectators  with  the  dread  of 
wars,  pestilence,  and  famine  :  even  persons  more  enlightened 
supposed  them  to  be  portentous  of  great  events,  and  timid 
imaginations  shaped  them  into  aerial  conflicts. 

Captain  Franklin  cniunerates  auroa  Borealis,  at  one  time, 
in  form  of  a  bright  arch,  extending  across  the  zenith,  in  a 
north-west  and  south-east  direction, — at  another,  it  was 
extremely  brilliant,  its  coruscations  darting  at  times  over  the 
whole  sky,  and  assuming  various  prismatic  colours,  of  which 
violet  and  yellow  were  predominant, — again,  its  appearances 
were  greatly  diversified,  and  its  motion  extremely  rapid,  its 
coruscations  occasionally  concealed  stars  of  the  first  magni- 
tude in  passing  over  them  ;  once  a  stream  of  light  illumined 
the  under  surface  of  some  clouds  as  it  passed  along  : — these 
appearances  were  visible  in  the  winter.  In  the  spring  the  aurora 
was  very  brilliant  and  variable  ;  at  one  time  exhibiting  illu- 
mined beams  issuing  from  the  horizon  in  the  north,  east,  and 
west  points,  and  directed  towards  the  zenith  ;  in  a  few  seconds 
these  disappeared,  and  a  complete  circle  was  displayed, 
bounding  the  horizon  at  an  elevation  of  15°.  There  was  a 
quick  lateral  motion,  in  the  attenuated  beams  of  which  this 
zone  was  composed.  Its  colour  was  pale  yellow,  with  an  occa- 
sional tinge  of  red.  On  another  occasion,  the  aurora  borealis 
appeared  from  north-west  to  soutli-east,  in  an  arch  across  the 
zenith,  which  afterwards  gave  place  to  a  beautiful  corona 
borealis. 

In  the  month  of  Jan.  1821,  the  aurora  appeared  with  more 
or  less  brilliancy  on  28  nights,  and  for  many  dajs  together 
tlie  resplendent  moon  whirled  in  circles  round  the  heavens, 
shining  with  undiminished  lustre,  and  scarcely  disappearing 
below  the  horizon  during  the  twenty-four  hours. 

But  Captains  Franklin  and  Parry,  and  Dr.  Richardson,  who 
have  added  to  our  already  accumulated  facts  relative  to  this 
curious  phenomenon,  have  thrown  no  light  on  its  theory.  Now 
it  is  known  that  the  luminous  beams  of  this  meteor  are  all 
cylindrical,  and,  over  a  certain  extent  of  country,  parallel  to 
one  another.  And  if  these  cjlindrical  beams  are  magnetic, 
and  parallel  to  the  dipping  needle  at  the  places  over  which 
they  appear,  then  is  the  aurora  borealis  a  purely  magnetic 
phenomenon,  whose  beams  are  governed  by  the  earth's  mag- 
netism. And  this  is  tlie  more  probable,  as  the  distance  of 
these  beams  from  the  earth  is  nearly  equal  to  their  length  ;  the 
rainbow-like  arches  being  about  150  miles  above  the  earth's 
surface. 

Lieutenant  Back,  the  brave  companion  of  Captain  Franklin, 
relates  that,  in  the  same  journey  to  the  Polar  sea,  be  imagined 
more  than  once,  whilst  listening  attentively  in  the  silence  of 
midnight  on  the  wilds  of  the  American  lakes,  and  gazing  on 
the  fantastic  beauties  of  the  aurora  borealis,  be  heard  a 
rustling  noise,  like  that  of  autumnal  leaves  stirred  by  the  wind. 
This,  however,  he  thinks  was  but  illusion.  The  aurora  was  very 
sluggish  and  dim,  otherwise  he  has  little  doubt  he  should  have 
ascertained  this  yet  undecided  fact.  One  of  the  partners  of 
the  North  West  company  allirmed.  however,  that  on  one  occa- 
sion amidst  these  solitudes,  he  saw  the  coruscations  of  the 
aurora  so  vivid  and  low,  that  the  Canadians  fell  on  their  faces, 
fearing  they  should  be  killed  :  he  himself  threw  away  his  gun 
and  his  knife,  that  he  might  not  attract  the  Hashes,  which  were 
within  two  feet  of  the  earth,  flitting  along  with  incredible  swift- 
ness, and  moving  parallel  to  its  surface,  making  a  loud  rustling 
noise  like  the  w  aving  of  a  flag  in  a  strong  breeze.  On  another 
occasion  these  lights  rose  about  north-west,  divided  into  three 
bars,  diverging  at  equal  distances,  as  far  as  the  zenith,  and 
then  converging  till  they  met  in  the  opposite  horizon  ;  there 
were  some  flashes  emitted  at  right  angles  to  the  bars.  At 
another  lime  the  coruscations  were  so  bright  as  to  discover 
eight  wolves  prowling  about  the  voyagers.  Heavy  storms 
were  at  some  places  generally  anticipated  by  the  activity  of  the 
aurora  borealis;  though  not  invariably  so  in  other  parts  of  the 
country. 
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And  analogous  to  this  are  tliose  luminous  arches  so  beauti- 
fully described  by  Thomson  as 

Silent  from  the  north 

A  blaze  of  meteors  shoots  ;  ensweeping  first 
The  lower  skies,  they  all  at  once  converge 
High  to  the  crown  oi' heaven,  and  all  at  once 
Relapsing  quick,  as  quickly  reascend. 
And  mix,  and  thwart,  extinguish  and  renew. 
Ail  ether  coursing  in  a  maze  of  light. 

In  March,  1774,  a  very  beautiful  luminous  arch  was  seen  at 
Buxton.  It  was  white,  inclining  to  yellow  ;  and  its  breadth  in  the 
crown  apparently  equal  to  that  of  the  rainbow.  As  it  approached 
the  horizon,  each  leg  became  gradually  broader.  It  was  station- 
ary, and  free  from  any  sensible  coruscations.  Its  direction  was 
from  north-east  to  south-west;  and  its  crown  or  most  elevated 
part  not  far  from  the  zenith.  This  phenomenon  lasted  about 
half  an  hour.  The  grandest  spectacle  of  this  kind,  seen  in 
Great  Britain,  was  observed  at  Leeds,  on  the  12tli  of  April, 
1783,  between  nine  and  ten  at  night.  A  broad  arch  of  a  bright 
pale  yellow,  with  an  apparent  breadth  of  about  lii",  arose  in 
the  heavens,  and  passed  considerably  south  of  the  zenith  ;  by 
its  varied  density,  it  appeared  to  consist  of  small  columns  of 
light,  with  a  sensible  motion.  After  about  ten  minutes, 
innumerable  bright  coruscations  shot  out  at  right  angles  from 
its  northern  edge,  elongating  themselves  till  they  had  nearly 
reached  the  northern  horizon.  As  they  descended,  their 
extremities  were  tipped  with  an  elegant  crimson,  like  that  pro- 
duced by  the  electric  spark  in  an  exhausted  tube.  After  some 
time  this  beautiful  northern  light  ceased  to  shoot,  and,  forming 
a  range  of  bright  yellow  clouds,  extended  horizontally  about 
the  fourth  of  a  circle;  its  greatest  portion,  which  darted  from 
this  arch  northwards,  as  well  as  the  cloud-like  and  more 
stationary  aurora,  became  so  dense  as  to  hide  the  stars  from 
view.  The  moon  was  eleven  days  old,  and  shone  brightly 
during  this  scene,  but  did  not  eclipse  the  splendour  of  these 
coruscations.  The  wind  was  in  the  north,  a  little  to  the  east. 
A  similar  phenomenon  was  observed  at  Leeds  on  the  2Glh  of 
the  same  month.  From  a  mass  or  broad  column  of  light  in 
the  west,  issued  three  luminous  arches,  each  of  which  made  a 
different  angle  with  the  horizon.  They  had  not  been  viewed 
many  minutes  when  they  were  rendered  invisible  by  a  general 
blaze  of  aurorae  boreales,  which  possessed  the  space  just  before 
occupied  by  these  arches. 

AU  RUM,  Gold.  This  most  precious  of  all  the  metals  is  usually 
found  in  a  perfectly  pure  state,  possessing  a  fine  rich  yellow 
colour,  and  a  degree  of  ductility  altogether  incredible.  By  far 
the  most  copious  supplies  occur  in  alluvial  soils,  situated 
along  the  foot  of  large  ranges  of  mountains,  from  which  it  is 
apparently  washed  down  by  the  rivers.  It  occurs  likewise, 
though  in  smaller  quantities,  in  veins  and  beds  diifused  through 
granite,  gneiss,  and  other  primitive  rocks  ;  also  in  porphyry 
and  sand-stone  ;  and  it  is  generally  accompanied  with  quartz 
and  iron  pyrites.  Alluvial  gold  is  found  in  the  district  of 
Leadhills  in  Scotland  ;  and  it  is  reported  that,  in  the  time  of 
queen  Elizabeth,  the  metal  was  there  collected  to  the  amount 
of  £100,000.  It  appears  also  in  Glen  Turret,  in  Perthshire, 
some  parts  of  Cornwall,  and  in  Ireland,  near  Arklow,  in  the 
county  of  Wicklow.  In  all  those  places,  however,  it  presents 
itself  rather  as  an  object  of  curiosity  than  of  any  real  value. 
The  same  may  be  said  of  the  veins  which  occur  in  primitive 
rocks  in  Salzburg,  the  Tyrol,  Transylvania,  and  at  Edelfors.  in 
Sweden,  as  well  as  of  the  golden  sands  poured  down  by  the 
Danube,  Rhine,  Tagus,  and  other  European  rivers.  Africa  is 
much  more  prolific  of  this  valued  metal.  All  the  streams  which 
flow-  from  the  great  mountain-ranges  in  the  centre  of  that  con- 
tinent appear  to  impregnate  their  sands  with  gold.  It  is  found 
most  copiously  in  Bambouk,  Manding,  Wangara,  and  the 
countries  behind  the  Gold  coast.  A  large  quantity  is  also 
collected  in  the  mountains  behind  Mosambiquc.  The  islands 
of  Sumatra,  Borneo,  and  Celebes,  in  the  East  Indies,  contain 
large  stores  of  alluvial  gold,  the  working  of  which  has  been  so 
much  improved  by  the  industry  of  the  Cfiinese,  as  to  render 
those  regions  nearly  independent  of  supply  from  the  west. 
Nothing  on  the  globe,  however,  can  equal  "the  abundance  In 
which  the  gold  occurs  throughout  the  vast  regions  of  SoutI; 
10, 


America.  The  Mexican  gold  is  chiefly  alluvial,  but  partly 
found  in  primitive  mountains,  and  mixed  with  silver,  in  the 
mines  of  that  metal.  The  situation  of  the  Peruvian  gold  is 
nearly  similar,  but  the  mines  do  not  pay  the  expense  of  work- 
ing, and  the  chief  riches  here,  as  elsewhere,  is  obtained  by 
washing.  The  ample  supply  of  gold  which  is  drawn  from 
Brazil  is  entirely  alluvial,  deposited  along  the  foot  of  that  great 
range  of  mountains  which  forms  the  western  frontier  of  that  set- 
tlement. Humboldt  calculates  the  entire  annual  produce  of 
the  Spanish  colonies  at  25,000lbs.  troy,  and  that  of  the  Portu- 
guese at  somewhat  above  20,0tX).  Gold  occurs  in  three  other 
forms,  called  by  Werner  brass  yellow,  grayish  yellow,  and 
eleetrum,  or  argentiferous  native  gold.  These  occur  in  different 
parts  of  Europe,  but  in  such  small  (piantity  as  not  to  deserve 
much  consideration  here.  The  ductility  and  malleability  of 
gold  is  so  great,  that  its  limits  are  unknown.  The  weight  of 
a  single  grain  of  fine  cold  leaf  w  ill  cover  57  square  inches. 
Calculating  the  specific  gravity  of  the  metal  with  thi.s 
admeasurement,  we  find,  that  282,000  of  these  leaves  put 
together  would  only  be  an  inch  thick.  It  is  nevertheless 
evident  that  gold  is  capable  of  much  greater  extension,  as  the 
gold-beaters  are  obliged  to  alloy  the  gold  with  copper,  to  make 
it  hard  enough  to  pass  over  the  irregularities  in  the  skins, 
which  would  otherwise  pass  round  them.  It  is  likewise  proved 
by  the  silver-gilt  wire  used  fur  lace-making,  which  is  drawn 
from  an  ingot  of  silver  previously  gilded.  Calculating  the 
length  and  circumference  of  the  wire  thus  drawn,  it  is  found 
that  the  weight  of  a  grain  of  gold  thus  employed,  has  spread 
itself  over  a  surface  of  twelve  times  greater  extent  than  is  <lone 
by  the  gold-beaters  in  making  it  into  leaves;  therefore  it 
follows,  if  the  gold  could  be  made  into  leaves  as  thin  as  the 
covering  upon  the  silver  wire,  that  it  would  take  3,384,000 
leaves  to  make  an  inch  in  thickness. 

AURUM  MusivUM,  used  by  the japanners,  and  for  varnished 
works,  as  snuO'-boxes, coaches,  &c.  has  all  the  beautiful  appear- 
ance of  gold  in  powder.  Amalgamate  twelve  parts  of  the  purest 
tin  with  three  parts  of  mercury  ;  the  amalgam  is  then  triturated 
in  a  stone  mortar  with  seven  parts  of  flowers  of  sulphur  and 
three  parts  of  sal  ammoniac.  The  mixture  is  next  put  into  a 
matrass,  and  the  whole  exposed  to  a  gentle  sand-heat,  until  no 
more  white  fumes  arise.  When,  upon  this,  the  heat  is  some- 
what raised,  cinnabar  sublimes,  together  with  some  oxygenated 
muriate  of  tin:  while  at  the  same  time,  the  remaining  tin  and 
sulphur  unite,  forming  the  anrum  musivum.  exhibiting  a  golden 
yellow  and  flaky  and  scaly  matter,  of  a  metallic  lustre.  The 
main  point  in  this  process  is  the  proper  regulation  of  the  fire: 
when  too  strong,  the  operation  does  not  succeed  ;  and  instead 
of  aurum  musivum,  the  eommon  sulphuret  of  tin  is  obtained. 

AUSTRAL,  the  same  as  sout/iern  ;  thus  we  say,  Austra/is 
Coronii,  Australis  Piscis,  for  Southern  Crown,  and  Southern  Fish. 
See  Corona  and  Piscis. 

AUTOMATON,  a  seemingly  self-moving  machine;  or  one 
so  constructed,  by  means  of  weights,  levers,  pulleys,  springs, 
&c.  as  to  move  for  a  considerable  time,  as  if  it  were  endued 
with  animal  life.  And  according  to  this  description,  clocks, 
watches,  and  all  machines  of  that  kind,  are  automata.  It  is 
said  that  Archytas  of  Tarentum,  four  hundred  y  ;ars  before 
Christ,  made  a  wooden  pigeon  that  could  tly  :  that  .Vrchimedes 
also  made  similar  automata;  that  Kogiomontanus  made  a 
wooden  eagle  that  Hew  forth  from  the  city,  met  the  emperor, 
saluted  him.  and  returned;  also  that  he  made  an  iron  fly,  whic  • 
flew  out  of  his  hand  at  a  feast,  and  returned  asain  after  flying 
about  the  room;  that  Dr.  Hookemade  the  model  of  a  flying  cha- 
riot, capable  of  supporting  itself  in  the  air.  Many  curious  and 
surprising  automata  have  been  witnessed  in  the  present  age: 
thus,  we  have  seen  figures  that  could  write,  and  perform  many 
other  actions  in  imitation  of  animals:  M.  Vancanson  made  .1 
figure  that  played  on  the  flute  i  the  same  gentleman  also  made 
a  duck,  which  was  capable  of  eating,  drinking,  and  imitating 
exactly  the  voice  of  a  natural  one  ;  ami,  w  hat  is  still  xoor.-  sur- 
prising, the  food  it  swallowed  was  evacuated  in  a  digested 
state,  or  considerably  altered  on  the  principles  of  solution; 
also  tiie  wings,  viscera,  and  bones,  were  formed  so  as  strongly 
to  resemble  those  of  a  living  duck  ;  ami  the  aciious  of  eating 
and  drinking  shewed  the  strongest  resemblance,  even  to  the 
muddling  the  water  with  its  bill.  M.  le  Droz,  of  Neufchatcl,has 
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also  executed  some  very  curious  pieces  of  mechanism  :  one 
was    a   clock,   presented   to   tlie   king  of  Spain,  which   had, 
among  other  curiosities,  a  sheep  that  imitated  the  bleating  of 
a  natural  one,  and  a  dog  w  atching  a  basket  of  fruit,  that  barked 
and  snarled  wlien  any  one  ollored   to  take  it  away ;  besides  a 
variety  of  human   figures,  exhibiting  motions  truly  surprising. 
The    automaton    chess-player  is   yet  more   surprising.      This 
■wonderful  piece  of  mechanism,  the  Invention  of  M.  de  Kemplin, 
an  Hungarian  gentleman,  has  for  may  years  lain  dormant.     It 
was  brouglit  to  England  in  the  year  1817,  and  exhibited  in  the 
great  room.  Spring  Gardens,  London,  and  in  other  places,  to 
the  admiration  and  satisfaction  of  thousands.     We  shall  here 
give  a  description  of  its  mechanism  and  operations.     The  room, 
where  it  is  exhibited,  has  an  inner  apartment,  within   which 
appears  the  figure  of  a  man,  as  large  as  life,  dressed  after  the 
Turkish   fashion,  sitting   behind   a  chest  tlnee  and   a  half  feet 
in   length,   two  feet  in  breadth,  and  two  feet  and  a   half  in 
lieight,  to  which  it  is  attached  by  a  wooden  seat.     The  chest 
is  placed  upon  four  castors  ;  and,  together  with  the  figure,  may 
be  moved   to    any   part  of  the  room.     On  the  plain   surface, 
formed   by   the    top   of  the  chest,   in  the  centre,  is  a  raised 
immoveable  chess-board,  upon  which  the  figure  has  its  eyes 
(ixed;  its  right  arm  and  hand  being  extended  on  the  chest,  and 
its  left  arm  holding  a  Turkish  tohacco-pipe.      The  exhibitor 
l)egins  by  wheeling  the  chest  to  the  entrance  of  the  apartment 
within   which  it  stands,  and  in  face  of  the   spectators.      He 
then  opens  certain  doors  in  the  chest,  two  in  front,  and  two 
at  the  back,    at  the   same    time  pulling  out  a  long  shallow 
drawer  at  the  bottom,  which  contains  the  chess-men,  a  cushion 
for  the  arm  of  the  figure  to   rest  upon,   and   some  counters. 
Two  lesser  doors,  and  a  green   cloth   screen,  contrived  in  the 
body  of  the  figure,  and  its  lower  parts,  are  likewise  opened, 
and  the  Turkish  robe  which  covers  them  is  raised  ;  so  that  the 
construction  both  of  the  figure  and  chest  internally  is  displav  ed. 
In  this  state  the  automaton  is  moved  round  for  the  examina- 
tion of  the  spectators  ;  and  to  banish   all  suspicion  that  any 
living  thing  is  concealed  within  any  part  of  it,  the  exhibitor 
introduces  a  lighted  candle  into  the   body  of  the  chest  and 
figure,  by  which  the  interior  of  each  is,  in  a  great  measure, 
rendered  transparent,   and   the  most  secret  corner  is  shewn. 
Here  it  may  be  observed,  that  the  same  precaution  to  remove 
suspicion  is  used,  if  requested,  at  the  close  as  at  the  com- 
mencement of  a  game  of  chess  with  the  automaton.     The  chest 
is  divided,  by  a   partition,  into  two  unequal  chambers.     That 
to    the    right   of  the    figure   is    the    narrowest,  and    occupies 
scarcely  one-third  of  the  body  of  the  chest.     It  is  filled  with 
little  wheels,  levers,  cylinders,  and  other  machinery  used  in 
clock-work.      That  to  the  left  contains  a  few  wheels,  some 
small  barrels  with  springs,  and  two  quarters  of  a  circle  placed 
horizontally.     The  body  and  lower  parts  of  the  figure  contain 
lubes,  which  seem  to  be  conductors  to  the  machinery.     After 
a  sufiicient  time,  during  which  each  spectator  may  satisfy  his 
scruples  and  his  curiosity,  the  exhibitor  re-closes  the  doors  of 
of  the  chest  and  figure,   and   the  drawer  at  bottom  ;  makes 
some  arrangements  in  the  body  of  the  figure  ;  winds  up  the 
works  with  a  key  inserted  into  a  small  opening  on  the  side  of 
the  chest;  places  a  cushion  under  the  left  arm  of  the  figure,  which 
now  rests  upon  it;  and  invites  any  individual  present  to  play 
a  game  of  chess.     In  playing  a  game,  the  automaton  makes 
choice  of  the  white  pieces,  and   always  has  the  first  move. 
These  are  small  advantages  towards  winning  the  game,  which 
are  cheerfully  conceded.      It  plays  with  the   left  hand,   the 
right  ;irm  and  hand   being  constantly  extended  on  the  chest, 
behind  \vhicli  it  is  seated.     This  slight  incongruity  proceeded 
from  absence  of  mind  in  trie  inventor,  who  did  not  perceive 
Ms  mistake  till   the  machinerv  of  the  automaton  was  too  far 
completed   to  a<!niit  of  the   mistake  being   rectified.     At  the 
commencement  of  a  game,  the  automaton  moves  its  head,  as 
if  taking  a  view  of  the  board  ;  the  same  motion  occurs  at  the 
close  of  a  game.     In  making  a  move,  it  slowly  raises  its  left 
arm  from  the  cushion  placed  under  it,  and   directs  it  towards 
the  sipiare  of  the  piece  to  be  moved.     Its  hand   and  fingers 
open  on  touching  the  piece,  which  it  lakes  up,  and  conveys  to 
any  pmposed  square.     The  arm   then  returns  "with  a  natural 
motion  to  the  cushion,  upon  which  it  usually  rests.     In  taking 
a  piece,  the  automaton  aiakea  the  same  motions  of  the  arm 


and  hand  to  lay  hold  of  the  piece,  which  it  conveys  from  the 
board  ;  and  then,  returning  to  its  own  piece,  it  takes  it  up, 
and  places  it  on  the  vacant  square.  These  motions  are  per- 
formed with  perfect  correctness;  and  the  dexterity  with  «hich 
the  arm  acts,  especially  in  the  delicate  operation  of  castling, 
seems  to  be  the  result  of  spontaneous  feeling,  bending  at  the 
shoulder,  elbow,  and  knuckles,  and  cautiously  avoiding  to 
touch  any  other  piece  than  that  which  is  to  be  moved,  nor 
ever  making  a  false  move.  After  a  move  made  by  its  anta- 
gonist, the  automaton  remains  for  a  few  moments  inactive,  as 
if  meditating  its  next  move ;  upon  w  hich  the  motions  of  the 
left  arm  and  hand  follow.  On  giving  check  to  the  king, 
it  moves  its  head  as  a  signal.  When  a  false  move  is 
made  bv  its  antagonist,  which  frequently  occurs  through 
curiosity  to  observe  in  what  manner  the  automaton  will  act, 
(as,  for  instance,  if  a  knight  be  made  to  move  like  a  castle,) 
the  automaton  taps  impatiently  on  the  chest  with  its  right 
hand,  replaces  the  knight  on  its  former  sijuare,  and,  not  per- 
mitting its  antagonist  to  recover  bis  move,  proceeds  immedi- 
ately to  move  one  of  its  own  pieces,  thus  appearing  to  punish 
him  for  his  inattention.  The  little  advantage  in  play  wliich  is 
hereby  gained,  makes  the  automaton  more  a  match  for  its 
antagonist;  and  seems  to  have  been  contemplated  by  the 
inventor  as  an  additional  resource  towards  winning  the  game. 
— It  is  of  importance  that  the  person  matched  against  the  auto- 
maton should  be  attentive,  in  moving  a  piece,  to  place  it  pre- 
cisely in  the  centre  of  its  square;  otherwise,  the  figure, 
in  attempting  to  lay  hold  of  the  piece,  may  miss  its 
hold,  or  even  sustain  some  injury  in  the  delicate  mechanism 
of  the  fingers.  WHien  the  person  has  made  a  move,  no  altera- 
tion in  it  can  take  place  ;  and  if  a  piece  be  touched,  it  must 
be  played  somewhere.  This  rule  is  strictly  observed  by  the 
automaton.  If  its  antagonist  hesitate  to  move  for  a  consider- 
able time,  it  taps  smartly  on  the  top  of  the  chest  viith  the  right 
hand,  which  is  constantly  extended  upon  it,  as  if  testifying 
impatience  at  his  delay.  During  the  time  that  the  automaton 
is  in  motion,  a  low  sound  of  clock-work  is  heard,  which  ceases 
soon  after  its  arm  returns  to  the  cushion,  and  then  its  antago- 
nist m.:y  make  his  move.  The  works  are  wound  up  at  inter- 
vals, after  ten  or  twelve  moves,  by  the  exhibitor,  who  is  usually 
employed  in  walking  up  and  down  the  apartment  in  which  the 
automaton  is  shewn ;  approaching  the  chest  however,  from 
time  to  time,  especially  on  its  right  side. 

AUTUMN,  the  third  season  of  the  year:  this  begins  at  the 
descending  equinox,  which,  in  the  northern  hemisphere,  is 
when  the  sun  enters  the  sign  Libra,  about  the  twenty-second 
of  August,  and  ends  about  the  same  day  in  December. 

AurLMNAL  E(/uinnx.  the  time  when  the  sun  enters  the  de- 
scending point  of  the  ecliptic,  where  it  crosses  the  equinoctial. 

Au  ruMNAi,  Point,  the  point  of  the  ecliptic  answering  to  the 
antumnal  equinox. 

Autumnal  Sir/ns,  are  the  signs  Libra,  Scorpio,  Sagittarius, 
through  which  the  sun  passes  during  autumn. 

AVIARY,  a  place  set  apart  for  rearing  and  feeding  birds, 
which  should  be  so  large  as  to  alford  the  birds  some  scope  to 
lly  about,  and  if  tuifed,  there  will  be  no  appearance  of  dirt. 
Good  stout  small  net,  doubled,  makes  a  good  fence  for  an 
aviary;  but  wire  is  much  better. 

AVOIDANCE,  in  the  Canon  Law,  is  when  a  benclce 
becomes  void  of  an  incumbent,  which  happens  either  in  fact,  as 
by  the  death  of  the  person  ;  or  in  law,  as  by  cession,  depriva- 
tion, resignation,  ^c.  In  the  first  of  these  eases  the  patron 
must  take  notice  of  the  avoidance  at  his  peril  ;  but  in  avoid- 
ance by  law,  the  ordinary  is  obliged  to  give  notice  to  the 
patron  in  order  to  prevent  what  is  termed  an  elapse. 

AVOIRDUPOIS,  the  weight  for  the  larger  and  coarser 
commodities  ;  such  as  groceries,  lead,  &c.  Apothecaries  buy 
by  avoirdupois,  but  sell  hy  troy  weight.  The  proportion  of  a 
pound  avoirdupois  to  a  pound  troy  is  as  17  to  14. 

AVOWEE,  one  who  has  a  right  to  present  to  a  benefice. 
He  is  so  called  in  contradistinction  to  those  who  only  have  the 
lands  to  which  the  advowson  belongs,  for  a  term  of  years,  or  by 
virtue  of  intrusion  or  disseisin. 

AVOWRY,  in  Law,  is  when  a  person  distrained  sues  out  a 
replevin  ;  for  then  the  distrainer  must  avow  and  justify  his  plea, 
for  distraining  which  is  called  his  avowry. 
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AXIOM,  a  self-evident  truth,  or  a  proposition,  the  truth  of 
which  is  perceived  at  first  sight.  Thus,  that  a  wliole  is  greater 
than  a  part ;  that  a  tiling  cannot  he,  and  not  be,  at  the  same 
time  ;  and  that  from  nothing,  nothing  can  arise;  are  self  evi- 
dent tiuths,or  axioms.  Axiom  is  also  an  established  principle 
in  some  art  or  science.  Thus,  it  is  an  axiom  in  geometry,  that 
things  which  are  equal  to  the  same  thing,  are  equal  to  each 
other  ;  that  if  to  equal  things,  equal  things  be  added,  the  wholes 
will  be  equal,  Sec. 

AXIS,  in  Astronom5,  an  imaginary  right  line,  supposed  to 
pass  through  the  earth,  sun,  planets,  satellites,  &c.  and  about 
which  they  perform  their  respective  diurnal  rotations.  The 
earth  and  planets,  in  their  progress  through  the  annual  orbit, 
move  in  such  a  manner  that  the  axis  of  each  always  keeps 
parallel  to  itself,  or  points  to  the  same  parts  of  the  heavens. 
The  axis  of  the  earth  is  inclined  to  the  ecliptic  in  an  angle  of 
nearly  06^°,  a  position  which  is  well  adapted  for  promoting  the 
fertility  of  the  earth,  and  rendering  it  habitable.  Dr.  Keill  has 
pointed  out  many  advantages  which  result  from  this  inclination 
of  the  axis,  particularly  in  ripening  the  fruits  of  the  earth  ;  and 
he  has  proved  the  truth  of  much  that  was  advanced  by  Kepler 
to  the  same  ed'ect.  Among  other  curious  particulars,  Keill  has 
shewn,  that  all  who  live  beyond  45°  of  latitude,  and  have 
greatest  need  of  the  sun's  heat,  have  more  of  it  during  the 
whole  year  than  if  the  equator  and  ecliptic  coincided  ;  whereas 
they  who  live  between  the  equator  and  45°  of  latitude,  and  are 
rather  too  much  exposed  to  the  sun  than  too  little,  have,  on 
account  of  the  present  inclination,  less  of  the  sun's  heat  than 
if  the  earth  were  in  the  position  of  a  right  sphere. 

Axis  of  the  Horizon,  Equator,  &c.  is  a  right  line  drawn 
through  the  centre  of  the  respective  circle,  perpendicular  to 
its  plane. 

Axis,  in  Geometry,  the  straight  line  in  a  plane  figure,  about 
which  it  revolves,  to  produce  or  generate  a  solid.  Thus,  if  a 
semicircle  be  moved  round  its  diameter  at  rest,  it  will 
generate  a  sphere,  whose  axis  is  that  diameter.  And  if  a 
right-angled  triangle  be  turned  about  its  perpendicular 
at  rest,  it  will  describe  a  cone,  whose  axis  is  that  per- 
pendicular. 

Axis  is  yet  more  generally  used  for  a  right  line  conceived  to 
be  drawn  from  the  vertex  of  a  figure  to  the  middle  of  the 
base.     So  the 

Axis  of  a  Circle  or  Sphere,  is  any  line  drawn  through  the 
centre,  and  terminated  at  the  circumference,  on  both  sides. 

Axis  of  a  Cone,  is  the  line  from  the  vertex  to  the  centre  of 
the  base. 

Axis  of  a  Cylinder,  is  the  line  from  the  centre  of  the  one  end 
to  that  of  the  other. 

Transverse  Axis,  in  the  ellipse  and  hyperbola,  is  the  diameter 
passing  through  the  two  foci,  and  the  two  principal  vertices  of 
the  figure.  In  the  hyperbola  it  is  the  shortest  diameter,  but 
in  the  ellipse  it  is  the  longest. 

Conjugate  Axis,  or  Second  Axis,  in  the  ellipse  and  hyperbola, 
is  the  diameter  passing  through  the  centre,  and  perpendicular 
to  the  transverse  axis.  It  is  the  shortest  of  all  the  conjugate 
diameters. 

Axis  of  a  Curve  Line,  is  still  more  generally  used  for  that 
diameter  which  has  its  ordinates  at  right  angles  to  it,  when 
tlrat  position  is  possible. 

Axis,  in  Mechanics,  a  certain  line  about  which  a  body  may 
turn.     Axes  are  of  various  kinds  ;  as. 

Axis  of  a  Balance,  the  line  upon  which  it  moves  or  turns. 

Axis  of  Rotation,  the  line  about  which  a  body  really  revolves, 
when  it  is  put  in  motion.  The  impulse  given  to  a  homoge- 
neous sphere,  in  a  direction  which  does  not  pass  through  its 
centre,  will  cause  it  to  revolve  constantly  round  the  diameter, 
which  is  perpendicular  to  a  plane  passing  through  its  centre, 
and  the  line  of  direction  of  the  impressed  force.  New  forces 
acting  on  all  its  parts,  and  of  which  the  result  passes  through 
its  centre,  will  not  change  the  parallelism  of  its  axis  of  rota- 
tion. Thus  it  is,  that  the  axis  of  the  earth  remains  always 
nearly  parallel  to  itself  in  its  revolution  round  the  sun,  without 
its  being  necessary  to  suppose,  with  Copernicus,  an  annual 
motion  of  the  poles  of  the  earth  round  those  of  the  ecliptic. 
If  the  body  possess  a  certain  figure,  its  axis  of  rotation  may 
ohange  every  instant.     The  determination  of  these  changes. 


whatever  may  be  the  forces  acting  on  the  bodies,  is  one  of  the 
most  interesting  problems  of  mechanics  respecting  haid  bodies, 
on  account  of  its  connexion  with  the  precession  of  the  equi- 
noxes, and  the  libration  of  the  moon.  The  solution  of  this 
problem  has  led  to  a  curious  and  very  useful  result ;  namely, 
that  in  all  bodies  there  exist  three  axes  perpendicular  to  each 
other,  round  which  the  body  may  turn  uniformly  when  not 
solicited  by  external  forces.  On  this  account,  these  axes  are 
properly  called  principal  axes  of  rot.-.tion. 

Axis  oi  Oscillation,  is  a  line  parallel  to  the  horizon,  passing 
through  the  centre,  about  which  a  pendulum  vibrates,  and 
perpendicular  to  the  plane  in  which  it  oscillates. 

Axis  in  Peritrocliio,  one  of  the  five  mechanical  powers,  con- 
sisting of  a  peritrochium  or  wheel,  and  moveable  together  with 
it  about  its  axis.  The  power  is  applied  at  the  cir(wimference 
of  the  wheel,  and  the  weight  is  raised  by  a  rope  that  is  gathered 
up  on  the  axis  while  the  machine  turns  round.  The  power  may 
be  conceived  as  applied  at  the  extremity  of  the  arm  of  a  lever, 
equal  to  the  radius  of  the  wheel ;  and  the  w  eight  as  applied  at 
the  extremity  of  a  lever,  equal  to  the  radius  of  the  axis  ;  only 
those  arms  do  not  meet  at  one  centre  of  motion  ai;  in  the  lever, 
but  in  place  of  this  centre  we  have  an  axis  of  motion,  viz.  the 
axis  of  the  whole  machine. 

Axis,  in  Optics  :  Optic  axis,  or  visual  axis,  is  a  ray  passing 
through  the  centre  of  the  eye,  or  falling  perpendicularly  on 
the  eye. 

Axis  of  a  Lens,  or  Glass,  is  the  axis  of  the  solid  of  which  the 
lens  is  a  segment.  Or  the  axis  of  a  glass,  is  the  line  joining 
the  two  vertices  or  middle  points  of  tlie  two  opposite  surfaces 
of  the  glass. 

Axis  of  a  Magnet,  is  a  line  passing  through  the  middle  of  a 
magnet  lengthwise,  in  such  a  manner  as  that,  however  the 
magnet  is  divided,  provided  the  division  is  made  according  to 
a  plane  in  which  such  line  is  found,  the  magnet  will  be  cut  or 
separated  into  two  loadstones  ;  and  the  extremes  of  such  lines 
are  called  the  poles  of  the  magnet. 

AZIMUTH,  an  Arabic  term  in  Astronomy,  signifying  an  arc 
of  the  horizon  intercepted  between  the  meridian  of  the  place, 
and  the  vertical  circle  passing  through  the  centre  of  an  object, 
and  is  equal  to  an  angle  of  the  zenith,  formed  by  the  said 
meridian  and  vertical  circle,  which  is  measured  by  the  fore- 
mentioned  arc.  The  Azimuth  is  reckoned  eastward  in  the 
morning,  and  westward  in  the  afternoon,  and  is  usually  esti- 
mated to  the  north  or  south,  as  it  is  nearer  to  one  or  other  of 
those  points  :  thus,  if  it  be  found  that  the  vertical  circle  wliicli 
passes  through  the  zenith,  intersects  the  horizon  exactly  between 
the  east  and  the  south,  then  the  star's  azimuth  is  said  to  be  1;'° 
eastward  of  the  south  ;  or  it  is  the  complement  to  the  eastei 
or  western  amplitude. 

To  find  the  Azimuth,  at  the  Time  of  the  Equinox,  trigonome 
trically.  Say, 

As  radius  is  to  the  tangent  of  the  latitude. 
So  is  the  tangent  of  the  altitude  of  the  sun  or  star 
To  the  cosine  of  the  azimuth  from  the  south. 
To  find  the  azimuth  of  a  sun  or  star  at  any  other  time,  the 
reader  may  consult  any  elementary  treatise  on  astronomy. 

Itlagnctical  Azimuth,  an  arch  of  the  horizon  contained  be- 
tween the  azimuth  circle  of  the  celestial  object  and  the  magne- 
tical  meridian  ;  or  it  is  the  apparent  distance  of  the  object 
from  the  north  or  south  point  of  the  compass.  This  is  found 
by  observing  the  object  with  an  azimuth  compass,  when  it  is 
about  10°  or  15°  high,  either  in  the  forenoon  or  afternoon. 

Azimuth  Cotnpaxs,  fig.  12.J.  is 
a  compass  used  at  sea  for  find- 
ing the  sun's  raagiieti<al  azi- 
nuith  ;  or,  more  properly,  to  lake 
the  bearing  of  any  celestial  ol)- 
ject,  when  it  is  in  or  abinc  the 
horizon,  in  order  to  find  from 
the  magnetical  azimuth,  or  am- 
plitude, the  variation  of  the 
needle.  The  object  is  viewed 
through  the  upright  slits  or 
sights,  and  the  bearing  is  read 
otf  on  the  card,  which  is  divided 
into  degrees,  &c. 
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Azimuth  Circles,  called  also  vertical  circles,  are  preat  cir- 
cles of  llie  sphere,  intersecting  eacli  other  in  the  zenith  and 
nadir,  and  cutting;  the  hoiizon  at  right  angles. 

AziMi'TH  Dial,  is  a  dial  whose  stile,  or  gnomon,  is  at  right 
angles  to  the  plane  of  the  horizon. 

AZURE,  in  a  general  sense,  the  blue  colour  of  the  sky  ;  in 
Painting,  a  fine  blue  colour  extracted  from  cobalt  and  lapis 
lazuli ;  but  the  colour  extracted  from  the  latter,  is  called  ultra- 
marine.    See  Colours. 

Azure,  in  Heraldry,  the  blue  colour  in  the  arms  of  any  per- 
son below  the  rank  of  a  baron.     In  the  escutcheon  of  a  noble- 


man it  is  called  sapphire,  and  in  that  of  a  sovereign  prince 
Jupiter.  In  Engraving,  this  colour  is  expressed  bv  lines  drawn 
horizontally.  This  colour  may  signify  justice,  perseverance, 
and  vigilajice ;  when  compounded  with 

Or,  /       A  Cheerfulness. 

Argent,  \.£ff  Vigilance. 

Gules,  J?V  Readiness. 

Ver,  i  ^' r  Enterprise. 

Pur,  /  -^  \  Goodness. 

Sab,  V      J  Sorrow. 


B. 


BAG 

D.\C,  in  Navigation,  a  praam  or  ferry  boat;  in  Brewing,  a 
beer  cooler,  a  large  shallow  tub  ;  in  Distillery,  fermenting  tubs, 
are  called  bacs.  And  a  bac-maker  is  a  cooper,  who  makes 
liquor-bacs,  underbacs,  coolers,  mashtubs,  working  tuns,  &c. 

BACCHARIS,  ploughman's  spikenard. 
'  BACK  Painting,  the  method  of  painting  mczzotinto  prints, 

painted  on  plate  or  crown  glass  with  oil  colours,  thus  : — the  print 
and  glass  are  to  be  of  one  size  :  the  print  is  soaked  in  water  two 
hours  or  longer,  till  thoroughly  moistened  ;  then  put  between 
two  sheets  of  clean  paper  to  be  dried  ;  the  glass  is  warmed 
gently,  and  covered  with  Strasburgh  turpentine :  the  plate  laid 
on  it,  and  rubbed  down  closely.  Then  the  whole  of  the  paper 
is  rubbed  off  with  the  palm  of  the  hand,  but  the  print,  like  a 
thin  film,  is  left  upon  the  glass,  and  set  by  to  dry.  When  dry 
it  is  varnished  with  white  transparent  varnish,  and  then 
coloured,  or  painted  with  oil-colours,  tempered  very  stiffly  ; 
the  shadows  of  the  engraving  being  generally  sufficiently  deep 
for  the  picture. 

Back-Staff,  an  instrument  invented  by  captain  Davis  for  a 
sea  quadrant,  and  is  so  named  because  the  back  of  the  observer 
is  turned  towards  the  sun  when  using  the  instrument. 

Back-Stays,  are  long  ropes  extending  from  the  top-mast 
heads  to  both  sides  of  the  ship,  where  they  are  extended  to 
the  channels.  Their  use  is  to  second  the  eflbrts  of  the  shrouds 
in  supporting  me  mast  when  strained  by  a  weight  of  sail. 
They  are  usually  distinguished  into  breast  back-stays,  afler 
hack-stays,  and  shifting  back-stays;  the  first  being  intended  to 
sustain  the  mast  when  the  ship  sails  upon  a  wind  ;  or,  in  other 
terms,  when  the  wind  acts  upon  a  ship  sideways;  the  second 
is  to  enable  her  to  carry  sail  when  the  wind  is  farther  aft ;  and 
the  third  kind  take  their  name  from  being  shifted  or  changed 
from  one  side  to  the  other,  as  occasion  requires.  There  are 
also  back-stays  to  the  top-gallant-masts. 

BACON,  Roger,  a  Franciscan  friar,  born  near  Ilchester  in 
Somersetshire,  in  1-214,  and  died  in  1-294.  This  bright  luminary 
of  the  thirteenth  century,  was  also  a  great  linguist  and  gram- 
marian, well  versed  in  the  theory  of  perspective  and  optics, 
knew  the  use  of  convex  and  concave  glasses,  and  is  said  to 
have  been  the  inventor  of  gunpowder,  at  least  so  far  as  related 
to  its  explosive  power:  he  also  understood  the  erroneous  prin- 
ciple of  the  calendar,  and  assigned  the  cause,  and  proposed 
the  remedy  :  he  possessed  great  knowledge  in  the  medical  art, 
and  was  an  able  mathematician,  metaphysician,  and  theologist. 
His  great  learning,  however,  subjected  him  to  the  persecution 
of  his  ignorant  brelhren,  who  accused  him  of  having  dealings 
with  the  devil,  and  he  was  in  consequence  confined  for  ten 
years,  during  which  time  he  is  said  to  have  prosecuted  his 
studies  with  the  same  ardoar  as  before,  and  with  the  greatest 
possible  success. 

Bacon,  Francis,  Baron  ofVerulam,  Viscount  of  St.  Alhan's, 
and  Lord  High  Chancellor  of  England  under  .James  I.  was 
born  in  l.OtiO,  and  died  in  l(j2G  ;  was  one  of  those  extraordinary 
geniuses,  who,  by  giving  a  new  direction  to  tlie  study  of  philo- 
sophy,  have   most  contributed   to    the    advancement   of  the 
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sciences.  He  clearly  perceived  the  imperfection  of  the  philo- 
sophy of  the  old  school,  and  pointed  ont  the  only  means  of 
reforming  it,  by  proceeding  from  facts  to  theories,  and  by 
means  of  experiments  to  the  discovery  of  the  laws  of  nature. 
The  baron  was  not,  however,  immaculate  in  his  ollice  of 
chancellor;  he  was  impeached  for  bribery  and  corruption, 
found  guilty  by  his  peers,  and  fined  £40,000.  Alas  !  that  the 
"  prophet  of  arts"  should  have  stooped  to  receive  gifts  for  the 
discharge  of  his  duties  ! 

BAIL,  is  used  in  our  common  law  to  signify  the  freeing  or 
setting  at  liberty  a  person  arrested  or  imprisoned  for  any 
action,  either  civil  or  criminal,  on  surety  taken  for  his 
appearance  at  a  certain  place  and  on  a  particular  daj'.  And 
the  object  of  bail  is  to  satisfy  the  condemnation  and  costs  in 
the  action,  or  render  the  defendant  to  prison.  In  criminal 
cases,  every  defendant  is  not  bailable,  as  for  treason,  murder, 
manslaughter,  &c. 

BALANCE,  in  Mechanics,  a  peculiar  application  of  the 
lever,  in  order  to  determine  the  dilference  or  equality  of  weights 
in  heavy  bodies,  and  consequently  their  masses  or  quantity  of 
matter.  There  are  various  kinds  of  balances  ;  the  principal  of 
which,  however,  are  the  Common  balance,  the  Bent  Lever 
balance,  the  Roman  balance,  and  the  Swedish  or  Danish 
balance.  Balances  also  receive  other  denominations,  accord- 
ing to  the  circumstances  under  which  they  are  employed,  or 
the  principles  on  which  they  act,  as  Assay  balance.  Hydro- 
static balance,  &c. 

T/ie  Common  Balance,  or  Scale.  This  instrument  is  too 
well-known  to  need  any  particular  description  ;  it  consists  of 

a  lever  A  C,  with  equal  arms,  at 
the  extremi'ty  of  each  of  which 
is  attached  a  scale,  as  D  and  E, 
and,  before  loading  it  with  any 
weights,  the  whole  ought  to  pre- 
serve a  perfect  equilibrium  ;  and 
this  equilibrium  must  arise  from 
an  exact  distribution  of  the 
weight  of  each  arm  and  scale  of 
the  balance,  as  well  as  from  the 
equal  length  of  the  former  ;  for 
on  this  depends  the  accuracy  of 
its  action.  The  following  obser- 
vations have  been  nmde,  with  regard  to  the  accuracy  of  the 
balance: — "  It  should  rest  in  a  horizontal  position  when  loaded 
with  equal  weights.  It  should  have  great  sensibility  ;  that  is, 
the  addition  of  a  small  weight  in  either  scale  shoidd  disturb 
the  equilibrium,  and  make  the  beam  incline  sensibly  from  tl>e 
horizontal  ))osilion.  It  should  have  great  stability ;  that  is, 
when  disturbed,  it  should  quiclily  return  to  a  slate  of  rest. 
That  the  first  requisite  may  be  obtained,  the  beam  must  have 
equal  arms,  and  the  centre  of  suspension  must  be  higher  than 
the  centre  of  gravity.  Were  these  centres  to  coincide,  the 
beam,  when  the  weights  were  equal,  would  rest  in  any  position, 
and  the  addition  of  the  smallest  weight  would  overset  the 
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balance,  and  place  the  beam  in  a  vertical  situation,  from  which 
it  would  have  no  tendency  to  return.  The  sensibility,  in  this 
case,  would  be  the  greatest  possible  ;  but  the  other  two  requi- 
sites, of  level  and  stability,  would  be  entirely  lost.  The  case 
would  be  even  worse,  if  the  centre  of  gravity  were  lower  than 
the  centre  of  suspension,  as  the  balance,  when  deranged, 
would  make  a  revoliitiou  of  no  less  than  a  semicircle.  When 
tho  centre  of  suspension  is  higher  than  the  centre  of  gravity,  if 
the  weights  be  equal,  the  beam  will  be  horizontal;  and  if  they 
be  unequal,  it  will  take  an  oblique  position,  and  will  raise  the 
centre  of  gravity  of  the  whole,  making  the  momentum  on  the 
side  of  the  lighter  weight  equal  to  that  on  the  side  of  the  heavier, 
so  that  an  equilibrium  will  again  take  place.  Tho  second 
requisite  is  the  sensibility  of  the  balance,  or  the  sinallness  of 
the  weight  by  which  a  given  angle  of  inclination  is  produced. 
If  a  be  the  length  of  the  arm  of  the  balance,  and  b  the  distance 
between  the  centre  of  suspension  and  the  centre  of  gravity, 
P  the  load  in  either  scale,  and  W  the  weight  of  the  beam,  the 

a 
sensibility  of  the  balance  is   as  ,,.,  p  .    yyv '  it  is  therefore 

greater,  the  greater  the  length  of  the  arm,  the  less  the  distance 
between  the  two  centres,  and  the  less  the  weight  with  which 
the  balance  is  loaded.  Lastly,  The  stability,  or  the  force  with 
which  the  state  of  equilibrium  is  recovered,  is  proportional  to 
(2  P  4-  W)  4,  the  denominator  of  the  preceding  fraction.  The 
diminution  of  i,  therefore,  while  it  increases  the  sensibility, 
lessens  the  stability  of  the  balance.  The  lengthening  of  a  will, 
however,  increase  the  former  of  these  quantities,  without 
diminishing  the  latter.  The  above  formulas  arc  of  great  prac- 
tical utility,  because  by  means  of  them,  one  balance  may  be 
made,  having  exactly  the  same  sensibility  and  stability  with 
another;  it  is  only  required  that  the  ratio  of  the  lengths  of  the 
arms  should  be  the  same  with  Ihnt  which  is  compounded  of  the 
ratios  of  the  distances  of  the  centres  of  gravity  and  suspension, 
and  of  the  weights  of  the  beams.  —  A  balance  made  by  Ramsden 
for  the  Royal  Society,  is  capable  of  weighing  ten  pounds,  and 
turns  with  half  a  grain,  or  a  millionth  part  of  the  weight.  The 
descriptions  of  balances,  given  by  mechanical  writers,  are  gene- 
rally defective,  as  they  do  not  give  the  values  of  a,  b,  and  W, 
the  quantities  on  which  the  merit  of  the  balance  depends,  and 
by  the  knowledge  of  which,  similar  instruments  might  be  con- 
structed. In  some  of  the  nicest  balances,  b  is  made  variable 
by  means  of  a  small  moveable  weight." 

Compnunil  BALANCE,  is  a  combination  of  several  balances 
employed  in  weighing  very  heavy  bodies,  as  anchors,  great 
guns,  &c. 

Bent  /-euec  Balanci;.  See  Plate,  Balances,  fig.  1.  This 
instrument  operates  by  a  fixed  weight  C  at  the  end  of  the 
bent  lever  ABC,  supported  on  its  axis  B,  in  the  pillar  I  H, 
having  a  scale  E  suspended  from  the  other  extremity  of  the 
lever  at  A.  Draw  the  horizontal  line  KBG  through  B,  the 
centre  of  motion,  on  uhicli  (roni  A  and  C  let  fall  the  perpendi- 
culars A  K,  C  D  ;  then  if  B  K  and  li  D  are  reciprocally  in  pro- 
portion to  the  weiahts  at  A  and  C,  they  will  be  in  equilihrio; 
but  if  not,  the  weight  C  will  move  upwards  or  downwards  along 
the  arc  F  G,  till  that  ratio  be  obtained.  If  the  lever  be  so 
bent,  that  when  A  coincides  with  the  line  GK,  C  coincides  with 
the  vertical  B  H,  then  as  C  moves  from  F  to  G,  its  momentum 
will  increase,  while  that  of  the  weight  in  the  scale  E  will 
decrease  ;  hence  the  weights  in  E  corresponding  to  diliereut 
positions  of  the  balance,  may  be  expressed  on  the  graduated 
arc  F  G,  and  the  whole  used  in  the  same  way  as  the  steel- 
yard. 

Hi/drostatic  BALANCE,  {Plate,  fig.  2,)  an  instrument  used 
for  determining  the  specific  gravity  of  bodies,  whelhcr  fiiiid  or 
solid  :  there  are  various  constructions  jciven  to  this  instru- 
ment, but  the  following  appears  to  be  of  all  others  the  most 
accurate.  V  C  G,  is  the  stand  or  pillar  of  this  hydrostatic 
balance,  which  is  to  be  fixed  in  a  table.  From  the  top  A  hangs, 
by  two  silk  strings,  the  horizontal  bar  B  15,  from  Hliich  is 
suspended,  by  a  ring  i,  the  fine  beam  of  a  balanre  h  ;  which  is 
prevented  from  descending  too  low  on  either  side  by  the  gently 
springing  piece  txi/z,  fixed  on  the  support  M.  the  harness 
is  annulated  ato,  to  shew  distinctly  the  perpendicular  position 


of  the  examen,  by  the  small  pointed  index  fixed  above  it.  The 
strings  by  which  the  balance  is  suspended,  passing  over  two 
pulleys,  one  on  each  side  the  piece  at  A,  go  down  to  the  bottom 
on  the  other  side,  and  are  hung  over  the  hook  at  v  ;  which  hook, 
by  means  of  a  screw  P,  is  moveable  about  one  inch  and  a  quar- 
ter, backward  and  forward,  and  therefore  the  balance  may  be 
raised  or  depressed  so  much.  But  if  a  greater  elevation  or 
depression  be  required,  the  sliding  piece  S,  which  carries  the 
screw  P,  is  readily  moved  to  any  part  of  the  square  brass  rod 
V  K,  and  fixed  by  means  of  a  screw.  The  motion  of  the  balance 
being  thus  adjusted,  the  rest  of  the  apparatus  is  as  follows  : — 
H  H  is  a  small  board,  fixed  upon  the  piece  D,  under  the  scales 
U  and  e,  and  is  moveable  up  and  down  in  a  low  slit  in  the  pillar 
above  C,  and  fastened  at  any  part  by  a  screw  behind.  From 
the  point  in  the  middle  of  the  bottom  of  each  scale,  hang,  by  a 
fine  hook,  briss  wires  ad  and  a  c.  These  pass  through  two 
lioles  ni,  m  in  the  table.  To  the  wire  a  d  is  suspended  a  curious 
cyliudric  wire;-j,  perforated  at  each  end  for  that  purpose: 
this  wire  rs  is  covered  with  paper,  graduated  by  equal  divi- 
sions, and  is  about  five  inches  long.  In  the  corner  o*'  the 
board  at  E  is  fixed  a  brass  tube,  on  which  a  round  wire  li  I  is 
so  adapted  as  to  move  neither  too  tight  nor  too  free,  by  its  flat 
head  I.  Upon  the  lower  part  of  this  moves  another  tube  Q», 
which  has  sufficient  friction  to  make  it  remain  in  any  position 
required  :  to  this  is  fixed  an  index  T,  moving  horizontally 
when  the  wire  hi  is  turned  about,  and  therefore  may  be  easily 
set  to  the  graduated  wire  r  s.  To  the  lower  end  of  the  wire  rs 
hangs  a  weight  L;  and  to  that  a  wire  pn,  with  a  small  brass 
ball/7,  about  one-fourth  of  an  inch  diameter.  On  the  other 
side,  to  the  wire  a  e,  hangs  a  large  glass  bubble  B'  by  a  horse- 
hair. Let  us  first  suppose  the  weight  L  taken  away,  and  the 
wire /J  n  suspended  from  S,  and,  on  the  other  side,  let  the  bub- 
ble B'  be  taken  away,  and  the  weight  F,  suspended  at  c,  in  its 
room.  This  weight  F  we  suppose  to  be  sufficient  to  keep  the 
several  parts  hanging  to  the  other  scale  in  equilibrium  ;  at  the 
same  time  that  the  middle  point  of  the  wire  p  n  is  at  the  surface 
of  the  water  in  the  vessel  O.  The  wire  pn  is  to  be  of  such 
a  size,  that  the  length  of  one  inch  shall  weigh  four  grains. 
Now  it  is  evident,  since  brass  is  eight  times  hea\ier  than 
water,  that  for  every  inch  the  wire  sinks  in  the  water,  it 
will  become  half  a  grain  lighter  and  half  a  grain  heavier 
for' every  inch  it  rises  out  of  the  water:  consequently,  by 
sinking  two  inches  below  the  middle  point,  or  rising  two 
inches  above  it,  the  wire  will  become  one  grain  lighter  or 
heavier.  Therefore,  if  when  the  middle  point  is  at  the  surface 
of  the  water  in  equilibiin,  the  index  T  be  set  to  the  middle 
point  a'  of  the  graduated  wire  r  s,  and  the  distance  on  each  side 
a' r  and  a' s  contains  100  ciuial  parts;  then,  if  in  weighing 
bodies  the  weight  is  required  to  the  hundredth  part  of  a  grain, 
it  may  be  easily  had  by  proceeding  in  the  following  manner. 
Let  the  body  to  be  weighed  be  placed  in  the  scale  d.  Put  a 
weight  into  the  scale  e  ;  and  let  this  be  so  determined,  that  one 
grain  more  shall  be  too  much,  and  one  grain  less  too  little. 
Then  the  balance  being  moved  gently  up  or  down,  by  the 
screw  P,  till  the  equilibrium  be  nicely  shewn  at  o  ;  if  the  index 
T  be  at  the  middle  point  a'  of  the  wire  r  s,  it  shews  that  the 
weights  put  into  the  scale  e  are  just  equal  to  the  weight  of  the 
body.  By  this  nieihod  we  find  the  absolute  weight  of  the  body: 
the  relative  weight  is  found  by  weighing  it  hydrostaiically  in 
water,  as  follows :— Instead  of  putting  the  body  in  the  scale  e, 
as  before,  let  it  hang  with  the  weight  F,  at  the  hook  c,  by  a 
horse-hair,  as  at  H,  supposing  the  vessel  N  of  water  were  away. 
The  equilibrium  being  then  made,  the  index  T  standing  betw  een 
a'  and  r,  at  the  3Clh  division,  shews  the  weight  of  the  body  put 
in  to  be  1095,  36  grains.  As  it  thus  hangs,  let  it  be  immersed  in 
the  water  of  the  vessel  N,  and  it  will  become  much  lighter :  the 
scale  e  will  descend  till  the  beam  of  the  balance  rests  on  the 
support  z.  Then  suppose  100  grains  put  into  the  scale  d 
restore  the  eqidlibrium  precisely,  so  that  the  index  T  stand  at 
the  3Gth  tli>  ision  above  a';  it  is  evident  that  the  weight  of  an 
equal  bulk  of  water  would,  in  this  case,  be  exactly  100  grains. 
Alter  a  like  manner,  this  balance  may  be  applied  to  find  the 
specific  gravity  of  liquids,  as  is  easy  to  conceive  from  what  has 
been  already  said.  The  weight  "of  a  cylinder,  of  the  fluid 
whose  base  is  KF  and  alliludc  AG,  will  disturb  tlfc  equi- 
librium     See  Gn.\\n\,  Specijiv. 
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Roman  Balance,  or  Steel-Yurtl.  {Plate,  fi<;.  3.)  A  B  repre- 
sents an  instrument  of  tliis  kind:  a  tlie  trutina,  or  handle, 
on  which  the  beam  turns  ;  k  a  rinp  on  which  the  balance 
maybe  suspended  on  a  nail  or  hook; /the  hook  on  which 
the  substance  to  be  weighed,  is  \nu\^  ;  c  a  collar  or  guard,  by 
which  the  hook  is  fastened  to  the  beam  ;  h  a  swivel ;  i  the 
counterpoise.  If  now  the  body  to  be  weighed  be  fastened  to 
the  hook/,  and  the  whole  suspended  by  the  ring  /i.the  division 
on  which  the  counterpoise  is  placed  to  maintain  an  equilibrium 
in  the  balance,  will  shew  the  weight  of  the  body  required  ;  the 
weight  of  the  counterpoise  i  being  known,  and  the  large  divi- 
sions 1,2,  3,  &c.  equal  to  the  distance  between  the  centre  of  (he 
balance  and  the  screw  which  fastens  the  guard  C  to  the  shorter 
arm  of  the  balance.  When  the  body  to  be  weighed  is  heavier 
than  the  divisions  on  the  longer  arm  will  indicate,  the  balance 
is  turned  the  lower  side  upwards,  and  suspended  on  the  other 
ring  b,  by  which  means  the  divisions  become  shorter,  because 
the  distance  between  the  trutina  d,  and  the  screw  on  which  the 
guard  e  moves,  is  less :  the  divisions  on  this  side  of  the  figure 
extending  to  17,  whereas  they  only  extend  to  six  on  the  other. 
The  steelyard  itself,  and  its  whole  apparatus,  should  be  in 
equilibrio  when  suspended  on  the  ring  k  or  b. 

The  Danish  Balance,  is  a  kind  of  steelyard  in  common  use 
in  many  parts  of  Europe,  and  is  of  very  simple  construction,  con- 
sisting of  abatten  of  hard  wood, having  a  heavy  lump  K,  as  in  the 
annexed  figure,  at  one  end,  and  a  swivel  hook  b  at  the  other. 
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The  goods  to  be  weighed  are  suspended  on  the  hook,  and  the 
whole  is  carried  in  a  loop  of  whipcord  F,  in  which  it  is  slid 
backward  and  forward  till  the  goods  are  balanced  by  the 
weight  of  the  other  end.  The  weight  of  the  goods  is  estimated 
by  the  loop  on  a  scale  of  divisions,  effected  by  a  method  purely 
geometrical: — Let  AC  (figures  1  and  2,)  be  the  distance 
between  the  point 
A,  from  which  the 
body  whose  weight 
is  to  be  determin- 
ed is  suspended, 
and  C  the  centre 
of  gravity  of  the 
balance  when  the 
weight  W  is  not 
attached     to     it. 

From  the  point  C  draw  an  indefinite  line  C  D,  making  an  angle 
A  C  1)  witli  the  line  A  C  on  which  the  divisions  of  the  balance 
are  to  be  marked,  and  through  A  draw  another  right  line  A  N 
parallel  to  CI).  Setoff  any  equal  distances  C  E,  EF,  FG, 
GH,  HI,  &c.  along  the  line  CD;  and  upon  AN,  set  off  the 
distance  A  B  equal  to  one  of  the  equal  distances,  as  CB,  upon 
C  D.  From  B  as  a  fixed  point  draw  lines  B  E,  B  F,  B  G,  B  H, 
&c.  to  the  several  points  of  division  on  CD;  and  they  will 
intersect  the  line  A  C,  in  the  points  1,  2,  3,  4,  5,  See.  where  the 
subdivision  marks  ought  to  stand  in  the  balance,  figure  1.  The 
numbers  1,2,3,4,  &c.  fig.  2,  denote  so  many  times  the  actual 
weight  of  the  balance  and  its  knobs,  independent  of  the  adven- 
lilious  weight  W.  Thus  if  the  unloaded  balance  weigh  6  lbs, 
the  distances  marked  1,2,3,4,5,  &c.  in  fig.  2,  would  corre- 
spond to  (he  subdivision  marks  6,  12,  18,  24,  30,  &c.  in  fig.  1. 
The  truth  of  this  construction  may  be  easily  shewn  thus  :  Let 
w  be  the  weight  of  the  balance  and  knob,  and  \V  that  of  the 
boily  which  is  to  be  ascertained  by  the  instrument.  Then, 
when  the  point  of  suspension  is  that  marked  1,  fig.  2,  we  have 
in  the  triangles  A  B  1,  ICE,  the  sides  A  B  and  C  E  equal,  also 
angle  B  A  1  =  1  C  E.  and  B  1  A  =  E  1  (;  ;  therefore  these 
triangles  arc  both  equiangular  and  equilateral ;  consequently, 
A  1  :r  1  C,  and,  by  the  natures  of  the  lever,  and  the  centre  of 
gravity,  W  :=  u\  Again,  in  like  manner  when  the  point  of  sus- 
pension is  2,  the  triangles  A  B  2,  2  CF,  arc  equiangular  ;  and 
since  F  C  =:  2  A  B,  we  have  C  2  rr  2  A  2,  and  VV  =:  2  «'.  So 
also  the  triangles  AB3,  3C  G,  are  equiangular;  whence  be- 


cause CG=3AB,   C3=3A3,  andWzzSw,   and   so  on, 
through  the  whole  division. 

This  balance  (says  Dr.  Gregory,)  has  been  described  more 
on  account  of  its  curiosity  than  actual  utility  ;  for  in  ascertain- 
ing large  weights  it  would  be  extremely  cumbersome  and  diffi- 
cult to  manage.  In  the  determination  of  weights  not  exceed- 
ing twenty  or  thirty  pounds,  it  might,  however,  be  rendered 
very  manageable  ;  for  it  might  be  about  the  length  of  an  ex- 
ciseman's rod,  or  a  walking  stick,  having  a  knob  of  lead  at  one 
end  ;  and  in  this  ease  the  divisions  near  the  knob  might  be  so 
numerous  as  to  enable  a  person  to  weigh  accurately  to  quarters 
of  pounds,  if  not  to  ounces:  the  rod  might  be  moved  to  and  fro 
upon  a  chair-back,  or  the  edge  of  a  trussel ;  and  thus  this 
instrument  might  often  be  more  conveniently  used  than  a  spring 
steelyard. 

Fidlcr's  Balance,  as  here  represented ,  was  made  fot  the 
Royal  Institution,  and  does  not  differ  much  from  those  con- 
structed by  Rams- 
den  and  Troughton. 
The  middle  column  A 
can  be  raised  at  plea- 
sure by  the  nut  B,  and 
supports  the  round 
ends  of  the  axis  in  the 
forks  at  its  upper  ex- 
tremity, in  order  to 
remove  the  pressure 
on  the  sharp  edges  of 
the  axis  within  the 
i".  forks.  C  and  D  are 
^1  pillars  w  Inch  occasion- 
ally support  the  scales, 
and  may  be  elevated 
or  depressed,  by  turning  the  nut  E.  The  screw  F  raises  or 
depresses  a  weight  within  the  conical  beam,  for  the  purpose  of 
regulating  the  position  of  the  centre  of  gravit)  ;  and  the 
graduated  arc  G  measures  the  extent  of  the  vibrations. 

An  Improvement  on  this  Balance,  is  represented  below, 
where  D  C  is  a  micrometer  screw,  fixed  to  the  arm  F  A,  so 


Ai: 


J— HTo" 


B 


that  when  it  is  turned  round  by  the  nut  D,  it  neither  approaches 
to  nor  recedes  from  the  centre  of  motion  F.  The  screw  D  C 
works  in  a  female  screw,  in  the  small  weight  n,  and  by  revolv- 
ing in  one  direction  carries  this  weight  from  S  to  R.  and  thus 
gives  the  preponderance  to  the  scale  G.  The  recession  of  the 
weight  n  from  the  centre  F  is  measured,  as  in  the  romnion 
micrometer;  and  a  weight  x  placed  in  the  scale  suspended  at 
A,  will  be  in  equilibrio  with  n,  placed  at  any  distance  S  n, 

S  n  X   n 
when  X  r:  — v^—. — • 
I"  A 

Pronci/'s  Balance  Support,  {Plate,  fig.  4,)  dr  balances  of  all 
dimensions,  is  calculated  to  render  the  operations  for  which 
these  instnnnents  are  used  more  expeditious  and  convenient, 
without  diminishing  their  accuracy. 

"  Several  e\pcrinienfs,"  says  he,  "  in  which  I  was  engaged 
during  the  course  of  the  last  winter,  put  me  under  the  neces- 
sity of  contriving  a  support  which  might  be  apjilied  promis- 
cuously to  every  kind  of  balance,  whether  provided  with  a 
suspending  handle  or  not,  and  which,  without  detriment  to  its 
accuracy,  should  all'ord  me  commodious  means  of  successively 
raising  and  lowering  it.  It  is  well  known  how  embarrassing 
and  laborious  the  operation  of  weighing  is,  when  performed 
with  balances  supported  by  the  hand;  though  this  is  often 
only  the  sn\allcst  inconvenience  with  which  their  use  is  attended. 

"  Various  artists  have  contrived  supports,  commodious  in 
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their  use,  and  ingenious  in  their  principle  ;  but  as  each  of 
these  supports  can  only  be  adapted  to  a  single  balance,  they 
become  so  expensive  as  to  be  out  of  the  reach  of  the  majority 
of  artists  and  experimentalists.  I  think,  therefore,  I  shall  do 
them  an  acceptable  service  by  publishing,  in  compliance  widi 
the  request  of  several  eminent  clieniists,  the  description  of  a 
support,  which,  besides  the  advantage  of  being  adapted  for  all 
kinds  of  balances,  possesses  that  of  being  constructed  at  a 
small  expense,  either  in  wood  or  metal. 

"A  triangular  foot  of  brass  An,  a,  a,  (figs.  4,  5,  repre- 
senting the  elevation  and  section  of  my  apparatus,)  has  its 
three  extremities  a,  a,  a,  fnmly  screwed  down  upon  a  table  or 
horizontal  plane.  Into  the  part  A  of  this  /not  is  screwed  a 
cylindrical  rod,  A  B,  which  may  be  of  any  arbitrary  length  :  it 
may  even  be  convenient  to  have  two  of  these  of  dillerent  lengths, 
in  order  that  they  may  be  cliauged,  when  we  wish  to  employ 
the  machine  for  very  large  balances.  Those  wliich  I  have 
made  use  of  are,  the  one  half  a  metre,  and  the  other  one  metre 
(39'4  inches)  in  length. 

"A  vertical  pulley,  P,  is  placed  at  the  top  of  the  stem  A  B, 
in  such  a  manner  that  the  same  vertical  plane  passes  through 
the  axis  of  the  rod,  and  through  the  horizontal  axis  of  the 
pulley  ;  the  block  or  collar  C  D  of  this  pulley  has  at  its  lower 
part  a  tube  C  B,  inio  which  enters,  with  a  gentle  friction,  the 
superior  extremity  of  the  rod  A  B ;  a  screw,  E,  serves  to  keep 
the  pulley  in  a  fixed  position. 

"Another  pulley,  P,  fig.  5,  is  fixed  at  the  bottom  of  the  rod 
A  B,  in  such  a  position  that  the  tangent  or  cord  of  the  pulleys 
P  and  P  is  parallel  to  the  axis  of  the  rod  A  B. 

•'  A  cord  K  ( p  H  G  P  F,  to  the  end  of  which  is  suspended  on 
the  outside  of  the  vertical  table  K  a  small  weight  /(,  passes 
through  a  hole  t  made  in  the  foot  «,  rolls  over  the  pulleys  ;; 
and  P,  and  is  attached  at  F  to  a  piece  m  m'  nq,  which  has  the 
form  of  a  fork,  and  to  which  are  suspended  (as  I  shall  shortly 
explain)  the  balance,  the  weights,  and  the  substances  that  are 
to  be  weighed.  Fm  is  a  button,  which  being  screwed  at  the 
top  of  the  fork,  receives  the  end  of  the  cord,  and  by  means  of 
a  knot  made  on  it  sustains  the  fork. 

"The  tail  or  handle  of  this  fork  is  of  a  prismatic  form  at 
the  part  m'  n;  this  prismatic  part  enters  a  grooveyy  made  at 
the  extremity  N  of  the  horizontal  piece  NO,  so  that  it  can 
slide  freely  in  this  groove  either  upwards  or  downwards,  its 
course  being,  however,  limited  at  m',  where  it  is  stopped  by  the 
enlarged  handle  of  tlie  fork,  and  at  n  by  the  greater  width  pro- 
duced by  the  separation  of  the  two  branches  of  the  fork. 

"The  piece  N  O,  which  is  hollow,  and  intersected  at  O  by 
the  stem  A  B,can  slide  along  and  turn  round  this  stem  :  when 
it  is  brought  to  its  proper  height,  it  is  secured  by  means  of  the 
screw  V,  and  it  is  then  necessary,  first,  that  it  should  be  at 
such  a  height,  that,  when  the  stop  jk  rests  on  the  side  of  the 
groove/f,  or  when  N  O  can  move  iio  further  down,  the  scale 
of  the  balance  shall  be  in  contact  with  the  table  or  horizontal 
plane,  in  order  tliat  we  may  afterwards  be  able  to  raise  it  the 
whole  height  of /'n;  secondly,  that  the  cord  F  F  be  in  one  and 
the  same  vertical  plane  with  H  G. 

"The  groove  at  N  ought  to  be  situated  in  such  a  manner  that 
the  axis  of  the  prismatic  part  of  the  tail  of  the  fork,  and  the 
cord  FF',  sh;<ll  always  be  in  the  same  vertical  plane,  or  in  a 
parallel  line  with  the  axis  of  the  stem  A  B. 

"  These  dispositions  being  made,  let  us  imagine  the  two 
branches  uq  of  the  fork  to  be  perforated  with  holes  of  different 
diameters,  in  order  to  receive  horizontal  pins  (ff  i/)  of  dillerent 
sizes  ;  and  we  shall  have  all  that  is  requisite  for  the  ordinary 
operations  of  weighing,  performed  in  the  air  v^ilh  balances, 
the  beams  of  which  are  suspended  from  above. 

"  In  fact,  whatever  kind  of  balance  we  use,  we  are  to  intro- 
duce the  extremity  of  its  suspending  handle  into  the  fork  nq, 
and  insert  into  the  round  hole,  which  the  handle  of  the  balance 
always  has  at  its  superior  extremity,  any  one  of  tlie  pins  that 
will  enter  with  ease ;  we  then  apply  the  piece  O  N  in  such  a 
manner  as  to  fulfil  the  conditions  above  laid  down  for  the 
position  of  this  piece;  after  which,  it  is  to  be  fixed  by  the 
screw  V.  This  being  done,  the  scales  of  the  balance  are  to 
be  charged,  which  being  in  contact  with  the  table,  or  horizontal 
plane,  can  have  no  motion.  When  the  scales  are  charged,  we 
laj  hold  of  the  small  ball  /(,  and  draw  the  cord  which  suspends 
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it  so  as  to  raise  the  balance  very  slowly:  if  the  scales  be  not 
in  equilibrio,  the  cord  is  to  be  loosened  till  they  rest  again 
upon  the  table,  and  so  successively. 

"A  counterpoise,  Q,  suspended  to  the  cord  F  G,  ought  to 
preserve  the  equilibrium  with  the  weight  of  the  balance.  By 
means  of  this  precaution  it  comes  to  pass,  that  the  common 
centre  of  gravity  of  all  ths  forces  supported  by  the  pulley  P, 
falls  in  all  cases  upon  the  axis  of  the  stem  A  B,  which  tlius  has 
no  tendency  to  bend. 

"  If  we  wish  now  to  use  a  hydrostatic  balance,  we  adapt  to 
the  stem  A  B  a  small  board  O'  N'  which,  by  means  of  a 
cylindrical  hole  at  O',  may  slide  along  the 
rod  A  B,  and  be  fixed  at  any  arbitrary 
height  by  a  screw  at  V.  Another  piece, 
or  board  K'  K',  is  placed  upon  V  N',  in 
such  a  manner  that  the  holes  T  T,  corre- 
spond with  the  centre  of  the  scales,  un- 
der which  are  placed  the  hooks  intended 
for  holding  the  substances  suspended  in 
the  water,  and  K'  K'  is  fixed  upon  V'N  by 
means  of  screws  V. 

"  These  arrangements  being  made,  let 
the  piece  N' O'  and  the  board  K' K',  be 
placed  in  such  a  manner  that,  first. the  whole 
height  of  the  balance  be  placed  between 
this  piece  and  the  board,  and  that  scales 
L  L  bein  contact  with  the  board  K'K',  their 
centres  corresponding  with  holes  made  in 
TT.  Secondly,  that  K'K'  be  sufficiently 
elevated  to  enable  us  to  place  under  it  the 
vessels  W  W,  filled  with  water,  and  con- 
veniently to  immerse,  in  one  of  these  ves- 
sels, the  substances  which  we  wish  to 
weigh  hydrostatically. 
K'  "  According   to   the   common   practice, 

these  substances  are  suspended  by  a  very 
thin  wire;  but  by  placing,  after  my  method,  two  vessels,  and 
suspending  to  the  two  scales  wires  of  equal  diameter,  the  one 
of  which  supports  the  substance  that  is  to  be  weighed,  and  the 
other  merely  in  part  immersed,  the  magnitude  of  the  diameter 
will  have  no  inlluence  upon  the  accuracy  of  the  operation  ;  for. 
let  us  suppose  the  apparatus  to  be  adjusted  in  such  a  manner 
that  at  first  the  two  wires  were  in  equilibrio  with  each  other, 
(which  may  easily  be  obtained  by  varying  the  height  of  the 
water  in  the  vessels,)  these  two  wires  will  still  be  in  equilibrio, 
wlien  the  beain  F  F'  being  elevated,  will  remain  in  its  horizon- 
tal position:  whence  it  follows,  that  if  one  of  the  wires  have 
suspended  from  it  a  substance  immersed  in  the  water,  and  we 
place  in  the  opposite  scale,  and  consequently  out  of  the  water, 
a  weight  adequate  to  keep  the  equilibrium  with  the  immersed 
substance,  for  a  horizontal  position  of  the  beam,  the  equili- 
brium will  still  be  maintained,  whatever  may  be  the  elevation 
or  depression  of  the  beam,  provided  it  continue  in  a  horizontal 
position;  for  the  lengths  of  the  wires,  either  above  or  below 
the  surface  of  the  water,  being  equal,  the  difi'erence  between 
the  specific  weight  of  the  water  and  that  of  the  metal  will 
operate  equally  upon  both  extremities  of  the  beam.  It  is 
evident  that  this  advantage  will  not  be  obtained  if  He  employ 
only  the  wire  to  which  the  substance  is  suspended,  and  that 
the  equilibrium,  established  for  a  certain  elevation  and  a  hori- 
zontal position  of  the  beam,  will  not  apply  to  other  elevations 
of  the  beam  by  preserving  it  in  the  horizontal  position. 
■  "  It  is  to  be  remarked,  that  my  method  compensates  not  only 
for  the  excess  of  the  specific  weight  of  the  wires  over  that  of 
the  water,  but  also  for  that  which  depends  upon  the  adhesion 
of  the  fluid  to  the  wires,  and  the  covering  of  water  which  they 
carry  along  with  them. 

"  All  that  has  been  said  hitherto  applies  only  to  balances 
that  are  provided  with  suspended  handles  ;  but,  in  order  to 
render  this  support  absolutely  universal  in  its  use,  it  was  neces- 
sary that  it  should  be  possible  to  adapt  it  to  a  beam  which  had 
nothing  but  its  centres  ;  for  which  purpose  I  contrived  an 
apparatus,  which  is  suspended,  like  those  of  a  common  balance, 
to  the  fork  «  q,  and  which  may  receive  the  centres  of  any  beam. 
The  engravings  in  the  plate  represent  it  provided  with  this 
apparatus,  the  construction  of  which  is  as  follows. 
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"  A  piece  ss'  fig.  6,  has  a  screwed  liole  boreil  into  it  at  s',  into 
•which  the  screw  dtl  is  inserted  half  its  length.  Anotlier  hole, 
made  at  s,  in  a  perpendicular  direction  to  the  hrst,  receives 
the  pin  (7  <7,  to  which  all  the  inferior  apparatus  is  suspended. 
This  hole  «  supplies  the  place  of  that  which  is  found  at  the 
upper  extremity  of  the  suspending  handle  of  balances. 

"The  two  other  vertical  pieces  r,r,  (fig.  6  and  7.)  have  at  their 
upper  part  cylindrical  holes  not  screwed,  in  which  the  screw 
d  d  can  turn  freely.  These  superior  parts  are  placed  at  an 
arbitrary  distance,  and  retained  in  their  situation  by  means  of 
four  nut-screws  ii,  «,  w,  m,  each  of  the  pieces  being  fastened 
between  two  of  these  nut-screws.  A  cylindrical  rod  h  h  tra- 
verses the  inferior  parts  of  these  pieces  r,  r,  and  is  fi.ved  tliere 
by  means  of  nut-screws,  in  such  a  manner  that  the  superior 
and  inferior  points  of  the  piece  )•»■  are  invariably  at  the  same 
distance. 

"Each  of  these  pieces  r,r  has,  upon  the  surface  which  is 
perpendicular  to  the  direction  of  dd  and  hh,  a  groove  e  e,  and 
a  circular  aperture  X,  having  at  its  lower  part  a  small  bracket 
of  polished  steel  a  a,  intended  to  support  one  of  the  centres 
of  the  beam.  Into  the  upper  part  of  the  grooves  e  e  a  rule  e'  e' 
is  introduced,  which  must  enter  with  tightness,  and  which,  with 
the  pieces  dd  and  hfi ,  give  such  a  solidity  to  the  apparatus, 
that  the  adjustment  of  its  parts  cannot  be  in  the  smallest 
degree  deranged.  The  remainder  of  the  groove  which  is  not 
occupied  by  eV,  ought  to  be  of  a  length  somewhat  greater 
than  that  of  the  largest  cock  or  index  adapted  to  the  beams 
which  we  shall  have  to  use. 

"The  method  of  using  the  apparatus  which  I  have  just 
described  is  very  simple.  The  beam  which  we  intend  to 
employ  is  placed  between  the  two  branches  r,  r,  which  are 
removed  from  each  other  till  the  centres  can  be  brought  oppo- 
site to  the  circular  holes  X ;  the  pieces  r,  r  are  then  brought 
together  in  such  a  manner  that  the  centres  enter  these  holes  X, 
and  so  as  still  to  leave  some  room  for  motion  between  these 
pieces  and  the  body  of  the  beam,  in  order  that  the  oscillations 
of  the  balance  maybe  perfectly  free.  The  pieces  »-,)■,  are 
brought  parallel  with  each  other,  and  the  adjustment  of  the 
apparatus  is  rendered  perfectly  lirni,  by  means  of  nut-screws, 
by  the  small  cylindrical  rod  /i /i,  and  by  the  rule  e' e'.  The 
apparatus  being  adjusted  in  this  niar.ncr,  it  is  suspended  to 
the  fork  71  q,  by  inserting  the  \>in  ff  g  into  the  hole  s,  and  the 
balance  is  used  in  the  manner  that  has  already  been  explained. 
We  know  the  equilibrium  to  be  established,  and  the  beam  to 
be  horizontal,  when  the  index  ?/?/ divides  the  breadth  of  the 
space  ee  into  two  equal  parts;  but,  in  order  to  ascertain  the 
circumstances  with  greater  accuracy,  I  have  attached  to  the 
rule  e' e'  a  plummet  e'i\hy  means  of  which  we  may  distinguish 
the  slightest  deviations  of  the  index  from  the  perpendicular 
direction." 

Balance  of  a  Cloeh,  or  Watch,  is  that  part  which  by  its 
motion  regulates  and  determines  the  beats.  The  circular 
part  of  it  is  called  the  rim,  and  its  spindle  the  verr/e  ;  there 
belong  to  it  also  two  pallets  or  nuts,  that  play  in  the  fangs  of 
the  crown-wheel :  in  pocket  watches,  that  strong  stud  in  which 
the  lower  pivot  of  the  verge  plays,  and  in  the  middle  of  which 
one  pivot  of  the  crown-v\'heel  runs,  is  called  {\\e  poteiice :  the 
wrought  piece  which  covers  the  balance,  and  in  which  the  upper 
pivot  of  the  balance  plays,  is  the  cock;  and  the  small  spring  in 
the  new  pocket  watches  is  called  the  reyulaior. 

The  motion  of  a  balance,  as  well  as  that  of  a  pendulum,  being 
reciprocating,  while  the  pressure  of  the  wheels  is  constantly  in 
one  direction,  it  is  obvious  that  some  art  must  be  used  to 
accommodate  the  one  to  the  other.  When  a  tooth  of  the  wheel 
has  given  the  balance  a  motion  in  one  <lirection,  it  must  quit  it, 
that  it  may  get  an  impulsion  in  the  opposite  direction.  The 
balance  or  pendulum  thus  escaping  from  the  tooth  of  the  wheel, 
or  the  tooth  escaping  from  the  balance,  has  given  to  the  gene- 
ral construction   the  name  of  scapemcnt  among  our    artists. 

See  SCAPF.MENT. 

Dr.  Gregory  observes,  that  some  of  the  most  important  pro- 
positions relative  to  watch  balances  maybe  concisely  stated  as 
follows  :  1.  The  balance  of  a  watch  is  analogous  to  the  pendu- 
lum in  its  properties  and  use.  The  simple  balance  is  a  circu- 
lar annulus,  equally  heavy  in  all  its  parts,  and  concentrical 
with  the  pivots  of  the   axis   on  which   it   is   mounted.     This 


balance  is  moved  by  a  spiral  spring  called  the  balance  spring, 
the  invention  of  I\lr.  Hook. 

2.  The  pendulum  requires  a  less  maintaining  power  than  the 
balance.  Hence  the  natural  isochronism  of  the  pendulum  is 
less  disturbed  by  the  relathvely  small  inequalities  of  the  main- 
taining power. 

3.  The  elastic  force  of  the  spring  which  Impels  the  circum- 
ference of  the  balance  is  directly  as  the  tension  of  the  spring  ; 
that  is,  the  weights  necessary  to  counterpoise  a  spiral  spring's 
elastic  force,  when  the  balance  is  wound  to  dillerent  distances 
from  the  quiescent  point,  are  in  the  direct  ratio  of  the  arcs 
through  which  it  is  wound. 

4.  The  vibratir.ns  of  a  balance,  whether  through  great  or  small 
arcs,  are  performed  in  the  same  time.  For  the  accelerating 
force  is  directly  as  the  distanre  from  the  point  of  quiescence  : 
hence,  therefore,  the  motion  of  the  balance  is  analogous  to  that 
of  a  pendulum  vibrating  in  cycloidal  arches. 

6.  The  time  of  the  vibration  of  a  balance  is  the  same  as  if  a 
quantity  of  matter,  whose  inertia  is  equal  to  that  by  which  the 
mass  contained  in  the  balance  opposes  the  communication  of 
motion  to  the  circumference,  descrihed  a  cycloid  whose  length 
is  equal  to  the  arc  of  vibration,  described  by  the  circumference, 
the  accelerating  force  being  equal  to  that  of  the  balance. 

6.  The  times  of  vibration  of  ditt'erent  balances  are  in  a  ratio 
compounded  of  the  direct  subduplicate  ratios  of  their  weights 
and  semidiameters,  and  the  inverse  subduplicate  ratio  of  the 
tensions  of  the  springs,  or  of  the  weights  which  counterpoise 
them,  when  wound  through  a  given  angle. 

7.  The  times  of  vibration  of  diflerent  balances  are  in  a  ratio 
compounded  of  the  direct  simple  ratio  of  the  radii  and  direct 
subduplicate  ratio  of  their  weights,  and  the  inverse  subduplicate 
ratio  of  the  absolute  forces  of  the  springs  at  a  given  tension. 

8.  Hence  the  absolute  force  of  the  balance  spring,  the  diame- 
ter and  weight  of  the  balance  being  the  same,  is  inversely  as 
the  square  of  the  time  of  one  vibration. 

9.  The  absolute  force  or  strength  of  the  balance  spring,  the 
time  of  one  vibration,  and  the  weight  of  the  balance,  being  the 
same,  is  inversely  as  the  square  of  the  diameter. 

10.  The  weight  of  the  balance,  the  strength  of  the  spring,  and 
time  of  vibration,  being  the  same,  is  inversely  as  the  square  of 
the  diameter. — Hence,  a  large  balance,  vibrating  in  the  same 
time  with  the  same  spring,  will  be  much  lighter  than  a  small  one. 

11.  If  the  rim  of  the  balance  be  always  of  the  same  breadth 
and  thickness,  so  that  the  weight  shall  be  as  the  radius,  the 
strength  of  the  spring  must  be  as  the  cube  of  the  diameter  of 
the  balance,  that  the  time  of  vibration  may  continue  the  same. 

I'i.  The  momentum  of  the  balance  is  increased  better  by 
increasing  its  diameter  than  its  weight. 

l.'J.  The  longer  a  detached  balance  continues  its  motion,  the 
better. 

14.  The  greater  the  number  of  vibrations  performed  by  a 
balance  in  a  given  time,  the  less  susceptible  is  it  of  external 
agitations. 

15.  Slow  vibrations  are,  to  a  certain  extent,  preferable  to 
quick  vibrations:  but  there  is  manifestly  a  limit;  for  if  the 
vibrations  be  too  slow,  the  watch  will  be  liable  to  stop. 

IC.  A  balance  should  describe  as  large  arches  as  possible, 
as  suppose  240°,  260°.  300°,  or  an  enti-c  circle. — First,  because 
the  momentum  of  the  balance  is  thus  increased  ;  and  therefore 
the  inequalities  in  the  force  of  maintaining  power  bear  a  less 
proportion  to  it,  and  of  consequence  will  have  less  influence. 
2dly.  The  balance  is  less  susceptible  of  external  agitations. 
."Jdly.  A  given  variation  in  the  extent  of  the  vibrations  produces 
a  less  variation  in  the  going  of  the  machine.  But  care  must  be 
taken  that  in  thesegreat  vibrations,  the  spring  shall  neither  touch 
any  obstacle,  nrr  its  spires  touch  each  other  in  contracting. 

17.  The  lime  of  the  vibration  of  the  balance  is  increased  by 
heat,  and  diminished  by  cold. — First,  becausi^  the  length  of  the 
spiral  spring  is  increased  by  heat,  and  therel'ore  its  force  dimi- 
nished ;  and  the  contrary  by  cold.  2dly.  The  diameter  of  the 
balance  is  increased  by  heat,  and  therefore  also  the  time  of 
vibration  ;  and  the  contrary  by  cold. 

18.  That  balance  is  the  most  perfect,  which,  without  the  com- 
pensation of  a  thermometer,  is  most  subject  to  the  influence  of 
lieat  and  cold.  Because  the  obstructions  from  oil  and  fritrtion 
act  as  a  compensation  to  the  expansion  or  contractiou  cf  the 
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spring  and   balance ;    therefore  that  balance   which   is  most 
affected  is  most  free  from  the  inlluence  of  oil  and  friction. 

19.  The  errors  in  the  going  of  a  watch,  arising  from  the  change 
of  temperature,  may  be  corrected  by  varying  the  length  of  the 
balance  spring.  Nevertheless,  as  it  is  extremely  difficult  to 
form  an  isochronal  spiral,  any  variation  in  its  length  is  dan- 
gerous, because  we  shall  thus  probably  lose  that  point  which 
determines  its  isochronism. 

20.  The  errors  in  the  going  of  a  watch,  occasioned  by  the 
variation  of  temperature,  may  be  corrected  by  varying  the 
diameter  of  the  balance. 

This  may  be  effected  by  a  peculiar  contrivance,  which  has 
obtained  the  name  of  the  expnnsion  balance,  being  composed  of 
two  different  metals  which  possess  different  degrees  of  expan- 
sibility, as  brass  and  steel,  for  instance;  of  which  two  metals 
it  has  been  observed,  that  the  increase  of  dimensions  by  expan- 
sion, in  like  elevations  of  temperature,  is  nearly  as  2  to  1.  For, 
according  to  Smeaton's  experiments,  the  corresponding  expan- 
sions of  hard  steel  and  brass  wire  are  as  147  and  'ZSi,  the 
expansions  being  occasioned  by  a  change  from  a  medium  tem- 
perature to  that  of  180°  of  Fahrenlieit's  thermometer.  One  of 
the  most  approved  constructions  of  an  expansion  balance,  is 
exhibited  in  the  figure  annexed,  and  is  thus  generally  de- 
scribed :  The  outer  part  of  the  rim  is  brass,  and  llie  inner  part 
steel.  After  this  compound 
rim  is  brought  to  its  figure  by 
turning,  it  is  cut  through  in 
three  places  A,  B,  C,  which  sets 
one  end  of  each  third  part  of 
the  periphery  at  liberty  to 
move  outwards  when  the  tern-  l'^ 
perature  is  diminished,  or  in- 
wards when  it  is  increased. 
D,  E,  F,  are  three  similar  and 
equal  masses  of  metal,  fitted 
upon  the  circular  bars  in  a  pro- 
per manner  to  admit  of  their 
being  fixed  at  any  required  dis- 
tance from  the  extremity,  where 
the  motion  is  most  considerable.  G,  H,  I,  are  three  screws,  the 
heads  of  which  maybe  set  nearer  to,  or  further  from,  the  centre, 
and  serve  as  weights  to  elfect  the  adjustments  for  position  and 
rate.  The  peculiar  advantage  of  this  balance  may  be  explained 
as  follows:  when  an  increase  of  heat  diminishes  the  elastic 
force  of  the  pendulum  spring  K,  the  outer  brass  rim  being 
lengthened  more  than  the  steel,  must  throw  the  weights  D,E,  F, 
nearer  to  the  axis,  and  diminish  the  ell'ect  of  the  inertia  of  the 
balance,  which  consequently  is  as  speedily  carried  through  its 
vibration  as  before.  And,  on  the  contrary,  when  cold  weather 
adds  to  the  elastic  force  of  the  spring,  the  same  weights  are 
also  thrown  further  out,  and  prevent  the  acceleration  which 
would  have  followed.  The  exact  adjustment  of  the  weights  is 
found  by  trial  of  the  going  of  the  machine:  if  it  gain  by  heat, 
the  weights  do  more  than  compensate,  and  must  be  moved 
further  from  the  extreme  ends  of  the  circular  compound  bars  ; 
but  if  the  gain  be  produced  by  cold,  the  spring  predominates, 
and  the  weights  will  accordingly  require  to  be  set  further  out. 

BALCONY,  in  Architecture,  a  projection  in  the  front  of  a 
house  or  other  building,  supported  by  pillars  or  consoles,  and 
encompassed  witli  a  bulustrade  or  rail. 

BALING  or  Ships.  An  apparatus  for  this  purpose  has 
lately  been  invented  by  J.  Dennett  of  Newport,  Isle  of  White, 
with  a  view  of  assisting  sailors  in  baling  vessels  when  the 
pumps  from  accident  get  out  of  order.  We  confess  we  have 
too  high  an  opinion  of  Buchanan's  pump,  the  chain  pump,  and 
several  other  hydraulic  engines,  to  fancy  the  apparatus  before 
us  will  ever  become  very  general ;  but  such  as  the  invention  is, 
we  give  it  the  reader,  with  the  following  decriptioii  : 

A  and  B  are  parts  of  the  hatchways  of  the  upper  and 
lower  decks.  C  C  is  a  long  rebated  slide,  in  an  inclined 
position,  reaching  from  a  little  above  the  coamings  of  the  upper 
deck  to  the  ballast  in  the  hold,  and  attached  to  the  lower 
hatchway  by  a  block,  D.  E  is  a  square  bucket,  made  to  slide 
on  the  rebate  of  C  C;  its  bottom  is  a  flap  valve,  so  that 
when  it  slides  down  into  the  water  it  opens,  the  bucket  fills 
instantly,  and   closes   upon    being   drawn   up  full   of  water, 


without  any  attention  on  the 
part  of  the  workmen.  The 
upper  portion  F  of  the  re- 
bate of  the  long  slide  is  made 
detached,  and  is  fixed  in  its 
place  by  the  pin  G,  on  which 
it  turns  as  on  an  axis.  The 
bucket  is  shewn  discharging 
the  water  on  the  upperdeck, 
and  when  the  rope  H  I  K  is 
let  go,  the  bucket  falls  down, 
rights  itself,  and  the  upper 
portion  F,  of  the  slide,  fall- 
ing down  with  it,  and  join- 
ing the  lower  part,  the  buck- 
et runs  down  the  whole  of 
the  slide  into  the  water,  is 
instantly  filled,  and  drawn 
up  again  by  pulling  the 
parts  I  K  of  the  rope,  t  lie  part 
K  having  passed  through  a 
block,  M,  on  the  deck.  A 
pin  is  fixed  in  the  top  of 
the  rebate,  so  that  when  the 
bucket  rises  up,  and  is  only 
in  the  loose  portion  F,  it  is 
stopped  by  the  pin,  and  the 
loose  portion  F.  by  farther 
pulling,  rises  out  of  its 
place, and  upsets  the  bucket. 
To  prevent  the  bucket  from  being  pulled  higher  up  than  is 
requisite  to  discharge  the  water,  a  knot  is  worked  in  the  rope 
which  stops  the  block  at  L.  The  block  L  is  made  fast  to  any 
yardarni,  and  the  upper  end  of  the  rope  K  is  secured  to  the 
same,  or  elsewhere,  just  length  enough  to  let  the  bucket  reach 
the  foot  of  the  slide. 

BALL,  in  the  Military  art,  comprehends  all  sorts  of  bulleti 
for  fire-arms,  as  cannon  balls,  which  are  made  of  cast-iron  ; 
musket  bullets,  which  are  cast  from  lead.     See  Gunnerv. 

Ball  and  Socket,  an  instrument  made  of  brass,  with  a  per- 
pf  tual  screw,  or  so  as  to  move  horizontally,  vertically,  or 
obliquely,  and  is  generally  used  for  the  managing  of  surveying 
of  astronomical  instruments. 

Ball,  in  a  popular  sense,  is  any  spherical  body,  whether 
natural  or  artificial. 

Fire  Balls,  in  Meteorology,  are  luminous  bodies  generally 
appearing  at  a  great  height  above  the  earth,  and  sometimes 
amazingly  vivid  and  brilliant.     See  Meteoh. 

BALLAST,  a  certain  portion  of  stone,  iron,  gravel,  or  such 
like  materials,  deposited  in  a  ship's  hold,  when  she  has  either 
no  cargo,  or  too  little  to  bring  her  sufficiently  low  in  the  water, 
and  is  used  to  counterbalance  the  ellect  of  the  wind  upon  the 
masts,  and  give  the  sbip  a  proper  stability,  tliat  she  may  be 
enabled  to  carry  sail  without  danger  of  overturning.  The  art 
of  ballasting  consists  in  placing  the  centre  of  gravity  so  as 
neither  to  be  too  high,  nor  too  low,  too  far  forward,  nor  too 
far  aft,  and  that  the  surface  of  the  water  may  nearly  rise  to 
the  extreme  breadth  a-midships,  and  thus  the  ship  will  be 
enabled  to  carry  a  good  sail,  incline  but  little,  and  ply  well  to 
windward.     Shinyle  Ballast,  is  ballast  of  coarse  gravel. 

BALLISTA,a  machine  used  by  the  ancients  for  shooting  darts; 
which  resembles  our  crossbow.  The  annexed  figure  repre- 
sents one  of  these  engines  used  in  sieges  :  2,2  the  base  of  the 
ballista  ;  3,4,  upright  beams ;  .5,6,  transverse  beams ;  7,7,  the 
two  capitals  which  cannot  be  seen  in  this  transverse  figure  ; 
9.9,  two  posts  or  supports  for  strengthening  the  transverse 
beams;  10,10,  two  skains  of  cords  fastened  to  the  capitals; 
11,11.  two  arms  inserted  between  the  two  stands,  or  parts  of 
the  skains;  12,  a  cord  fastened  to  the  two  arms;  U),  darts 
which  are  shot  by  the  ballista;  14,14.  curves  in  the  upright 
beams,  and  in  the  concavity  of  the  cushions,  are  fastened  in 
order  to  break  the  force  of  the  arms,  which  strike  against  them 
with  great  force  when  the  dart  \f>  is  discharged  ;  10,  the  arbor  of 
the  machine,  in  which  a  groove  or  canal  perfectly  straight  is 
formed,  and  in  which  the  darts  are  placed  in  order  to  be  shot 
by  the  ballista ;  17  the  nut  of  the  triuger  ;  19,  a  hook  by  which 
2a 
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the  chord  is  drawn  towards  the  centre,  and  the  ballista  cocked  ; 
20,  a  stage  or  table,  on  which  the  ballista  is  in  part  sustained. 


Vctretius  informs  ns,  that  the  ballista  discharged  darts  with 
such  rapidity  and  power,  that  nothing  could  resist  their  force  ; 
and  Athicna-us  adds,  that  Agistratus  made  one,  of  little  more 
than  a  cubit  and  a  half,  which  shot  darts  500  yards. 

Balista,  w  as  formerly  also  the  name  given  to  the  cross-staff. 
BALLISTIC  Pendulum,  an  ingenious  machine,  invented 
by  Robins,  for  ascertaining  the  velocity  of  military  projectiles, 
and  consequently  the  force  of  fired  gunpow- 
der. It  consists  of  a  large  block  of  wood  S 
M  N,  suspended  vertically  by  a  strong  hori- 
zontal iron  axis  at  S,  to  which  it  is  connected 
by  a  firm  iron  stem.  Now,  to  determine  the 
velocity  with  which  a  ball  is  projected,  the 
pendulum  is  so  situated  that  the  ball  im- 
pinges directly  against  it,  and  causes  it  to 
vibrate  through  a  certain  arc,  which  being 
accurately  observed,  the  velocity  of  projec-  M  jj 
lion  is  thence  computed.  Dr.  Hutton  made 
many  experiments  of  this  kind,  by  discharg- 
ing cannon-balls  at  various  distances  from 
the  pendulum  ;  from  which  is  deduced  a  complete  series  of  the 
resistances  of  the  air  to  balls  passing  through  it,  with  all 
degrees  of  velocities  from  0  to  2000  feet  per  second. 
BALLOON,  Air.     See  Aerostation. 

Le  Ballon  Aeiostatique,  the  Air  Balloon,  was  placed  among 
the  constellations  by  M.  de  Lalande,  a  few  years  back.  It  is 
immediately  south  of  the  Zodiacal  Goat,  west  of  the  Southern 
Fish,  north  of  Microsenpium,  and  east  of  Sagittarius. 

BALLOTADE,  in  the  Manage,  the  leap  of  a  horse  between 
two  pillars,  or  upon  a  straight  line,  made  with  justness  of  time, 
with  the  aid  of  the  hand  and  the  calves  of  the  leg,  so  that 
when  his  forefeet  are  in  tlie  air,  he  shews  nothing  but  the 
shoes  of  his  hind  feet  without  jerking  out. 

BALLUSTRADE,  a  series  or  row  of  ballusters,  joined  by  a 
rail,  serving  as  well  for  a  rest  to  the  elbow s,  as  for  a  fence  or 
enclosure  to  balconies,  staircases,  altars,  &c. 

BALAI,  a  well-known  plant,  that  thrives  well  in  light  rich 
soil,  and  increases  freely  by  dividing  the  root.  It  grows  well 
under  the  shade  of  trees,  and  is  a  handsome  ornament  to  every 
flow  er-garden  or  cottage.  In  a  fresh  state,  balm  smells  some- 
thing like  a  lemon,  and  has  a  weak  rough  aromatic  taste.  On 
distilling  the  herb  with  water,  it  impregnates  the  first  runnings 
pretty  strongly  with  its  grateful  flavour.  Prepared  as  tea,  it 
makes  a  grateful  diluent  drink  in  fevers  ;  and  in  this  way  it  is 
commonly  used,  either  by  itself,  or  tempered  with  lemon  juice. 
The  Duhnm  uf  Tolii.  from  a  region  on  the  north  coast  of  South 
America  near  the  isthmus  of  Panama,  is  a  resinous  fluid, 
obtained  from  a  tree  of  the  same  name  by  incisions  in  the 
trunk,  and  is  useful  in  medicine  both  as  a  tincture  and  a  syrup; 
it  has  an  agreeable  flavour  resembling  balm,  and,  made  into 
lozenges,  appeases  the  irritation  occasioned  by  severe  coughing. 
BAMBOO,  a  plant,  which  sonu'times  grows  forty  feet  high. 
Its  young  shoots  and  roots  make  an  Indian  pickle  ;  its  light 
graceful  knotted  stalk  serves,  not  only  in  the  East  for  the  con- 
struction of  bouses,  but  for  furnishing  them  with  almost  every 
utensil.  Tables,  chairs,  bedsteads,  bedding,  burrows,  fences, 
jacking,  cordage,  oaknra,  candle-wicks,   paper,  wliips,  &c.  are 


made  from  bamboo  in  China,  In  Malabar,  the  bamboos  are 
trained  over  iron  arches,  and  when  they  have  assumed  the 
curve  of  the  mould,  are  used  for  roofs  to  palanquins,  and  sell 
at  five  or  six  hundred  rupees  a  set.  Might  not  thousands  of 
cottagers  in  our  own  country  make  money  by  training  the 
willow,  the  ash,  the  hazel,  and  many  other  trees  and  shrubs, 
into  similar  arches,  for  innumerable  purposes  in  common  life? 
Tlie  Chinese  Bamboo  Habit,  to  save  shipwrecked  persons 
from  drowning,  consists  of  four  pieces  of  bamboo,  about  a 
man's  length,  placed  horizontally  and  at  right  angles,  in  parallel 
pairs,  and  tied  firmly  at  the  four  corners ;  the  opening  being 


just  sufficient  to  allow  the  head  and  shoulders  to  get  through, 
as  represented  in  the  figure,  and  then  lied  securely  to  the  body 
of  the  person  using  it.     Deal  will  make  this  habit  equally  well. 

BANANA,  a  valuable  West  India  plant,  whose  leaves  are 
six  feet  long  and  one  foot  broad,  and  the  fruit  about  five  inches 
long,  and  in  shape  resembling  a  cucumber,  Avith  a  soft  luscious 
pulp,  is  frequently  introduced  in  desserts,  or  formed  into  small 
loaves,  by  squeezing  out  the  juice,  and  leaving  it  to  dry. 

BANGLE  Ears,  an  imperfection  in  a  horse,  remedied  by 
placing  his  ears  in  such  a  manner  as  you  would  have  them 
stand  :  Bind  them  with  two  little  boards  so  fast  that  they  cannot 
stir,  and  then  clip  away  all  the  empty  wrinkled  skin  close 
by  the  head. 

BANGUE,  a  species  of  opiate,  in  great  use  throughout  the 
East  for  drowning  care  and  inspiring  joy,  is  extracted  from 
the  leaf  of  a  kind  of  wild  hemp,  that  groAvs  in  the  countries  of 
the  Levant.  The  leaves  are  dried  in  the  shade,  ground  to  pow- 
der, and  made  into  pills  or  conserves,  or  taken  as  a  powder. 
The  Turks  take  this  deleterious  drug  and  opium  as  substi- 
stules  for  wine,  which  is  forbidden  by  the  Koran  to  all  true 
Mussulmans. 

BANIAN  Tree,  the  arched  Indian  Fig,  or  God  Tree,  so 
named,  perhaps,  because  the  Hindoos  plant  it  near  their  tem- 
ples, or  where  no  temple  exists:  the  tree  itself  is  made  use  of 


for  that  purpose.  The  branches  of  this  famous  tree  de.scend, 
take  roof,  and  in  time  are  converted  into  great  trunks,  so  that 
a  Hhole  tree,  with  all  its  props,  may  cover  a  space  of  2000  feet 
in  circumference. 
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BANN,  proscription  or  banisliment  for  a  crime  proved; 
hence,  to  put  a  prince  under  the  bann  of  tlie  empire,  is,  by 
sound  of  trumpet,  to  declare  bim  divested  of  all  his  dignities. — 
Episcopal  Bann  is  a  fine  paid  to  the  bisliop  by  those  i;"'"y  of 
sacrilege,  or  other  crimes. — The  Papal  Bann  is  e.xcommunica- 
ti<in.— In  Military  affairs,  a  proclamation  by  beat  of  drum  or 
sound  of  trumpet. 

BANQUET,  in  Fortification,  a  platform  or  bank  of  earth, 
upon  vvhicli  soldiers  stand  within  the  parapet,  to  fire  upon  an 
enemy  in  the  ditch  or  covert  way. 

B.\RBACAN,  or  Barbican,  an  outer  defence  or  fortification 
to  a  city  or  castle,  especially  a  fence  to  the  city  or  walls.  See 
Castle.     A  fort  at  the  entrance  to  a  bridge,  &c. 

BARBE,  in  Military  Tactics,  means  to  lire  the  cannon  over 
the  parapet,  instead  of  firing  through  the  embrazures  or  port- 
holes. 

BARBLES,  or  Barbs,  knots  of  superfluous  flesh  growing 
inside  the  mouths  of  cattle,  and  which  are  cut  or  burned  off,  to 
enable  the  animals  to  eat  their  food. 

BARILLA,  is  the  Spanisli  name  of  a  plant,  from  the  burnt 
ashes  of  which  is  produced  a  salt  called  kali  or  soda,  hard  solid 
masses  of  a  bluish  tinge,  very  heavy,  sonorous,  dry  to  tlie 
touch,  corrosive  to  the  taste,  and  strongly  saline,  employed 
chiefly  in  the  manufacture  of  glass  and  soap. 

BARK,  in  Botany,  the  skin  or  covering  of  plants,  shrubs, 
and  trees :  as  oak  bark,  which  is  used  in  tanning ;  Jesuit's 
hark,  (cinchoyia,)  in  physic  ;  as  also  mace,  alder,  and  walnut  tree 
bark,  in  dyeing  ;  otlier  barks  are  used  in  spiceries,  as  cinnamon, 
cassia  lignea.  Cork  bark  is  a  valuable  and  useful  product.  In 
India  and  the  South  Sea  islands,  cloth  is  fabricated  from  the 
bark  of  trees. 

BARK  Stove,  or  Moist  Stove,  is  a  hothouse  containing  a 
pit  or  mass  of  bark,  earth,  sand,  or  other  matter,  in  which  the 
pots  containing  the  plants  are  plunged,  or  the  plants  them- 
selves planted.  This  house  is  lieated  from  below,  or  by  the 
fermentation  of  the  bed  of  materials,  as  well  as  by  the  atmo- 
sphere of  the  house  ;  and  it  is  used  solely  for  raising  and  culti- 
vating flowers.  The  bark-stove  floriculture  house  at  Frog- 
more  is  truly  magnificent.  Such  houses  should  be  built  east 
and  west,  though  those  of  the  botanic  gardens  of  Dublin  and 
Liverpool  are  placed  with  their  gables  to  the  south.  Loddige's 
immense  palmhouse  at  Hackney  is  glazed  on  all  sides. 

BARLEY,  a  well-known  grain  or  corn,  used  for  making 
malt,  meal,  bread,  or  soups  ;  and  sugar  boiled  in  barley  water 
is  barley  sugar,  which  is  rolled  on  a  stone  anointed  with  oil  of 
sweet  almonds,  and  formed  into  twisted  sticks.  Whiskey, 
made  of  malt,  is  distilled  by  a  very  common  chemical  process. 
The  malt  is  dried,  mashed,  boiled,  and  from  the  Ii(|uor  thus 
made,  the  alcohol,  or  pure  spirit,  is  distilled.  Proof  spirit  con- 
sists of  half  water  and  half  pure  spirit;  that  is,  such  as  when 
poured  on  gunpowder,  aud  set  on  fire,  will  burn  all  away,  and 
permit  the  powder  to  take  fire  and  Hash,  as  in  open  air.  But 
if  the  spirit  be  not  so  highly  rectified,  there  will  remain  some 
water,  which  will  make  the  powder  wet,  and  unfit  to  take  fire. 
Proof  spirit  of  any  kind  weighs  seven  pounds  twelve  ounces 
per  gallon. 

BARM,  Yeast,  first  used  by  the  Celtes  in  making  bread.  See 
Bread. 

BAROMETER,  an  instrument  to  measure  the  elasticity  of 
air,  consists  of  a  hollow  glass  cone,  filled  with  mercury,  and 
hermetically  sealed  at  the  end,  so  that  no  air  be  left  in  it,  as 
represented  in  the  following  figure.  When  it  is  set  upright, 
the  mercury  descends  down  the  tube,  into  the  bubble,  which 
has  a  little  opening  at  the  tup,  that  the  air  may  have  free 
ingress  and  egress.  At  the  top  of  the  tube  there  must  be  a 
perfect  vacuum.  The  instrument  is  fixed  in  a  frame,  and  hung 
perpendicular  against  a  wall.  Near  the  top,  on  the  frame,  is 
placed  a  scale  of  inches,  shewing  how  high  the  mercury  is  in 
the  tube,  above  the  level  of  it  in  tlie  bubble,  which  is  generally 
from  28  to  31  inches,  but  mostly  about  29  or  ;iO.  .Along  with 
the  scale  of  inches,  there  is  also  placed  a  scale  of  such  weather 
as  has  been  observed  to  answer  the  several  heights  of  the 
quicksilver.  In  dividing  the  scale  of  inches,  care  must  be 
taken  to  make  proper  allowance  for  the  rising  or  falling  of 
the  quicksilver  in  the  bubble,  which  ought  to  be  about  half  full 
when  it  stands  at  29^,  which  is  the  mean  h«<ight ;  for,  whilst 
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the  quicksilver  rises  an  inch,  it  descends  a  little 
in  the  bubble  ;  and  that  descent  must  be  deducted, 
which  makes  the  divisions  be  something  less  than 
an  inch.  These  inches  must  be  divided  into  tenth 
parts,  for  the  more  exact  measuring  the  weight 
of  the  atmosphere  :  for  the  pillar  of  mercury  in 
the  tube  is  always  equal  to  the  weight  of  a  pillar 
of  the  atmosphere  of  the  same  thickness;  and, 
as  the  height  of  the  quicksilver  increases  or 
decreases,  the  weight  of  the  air  increases  or 
decreases  accordingly.  The  tube  must  be  near 
3  feet  long,  and  the  bore  not  less  than  J  or  J  of  an 
inch  in  diameter,  or  else  the  quicksilver  will  not 
move  freely  in  it. 

The  real  cause  of  the  suspension  of  the  mer- 
cury in  the  tube,  and  of  water  in  pumps,  is  now 
generally  admitted  to  be  the  atmospheric  pres- 
sure, and  repeated  observations  which  have  been 
made,  connected  with  this  subject,  discover  that 
the  column  of  mercury  varies  considerably  in  its 
height,  at  diflerent  times,  and  this  variation  has 
been  observed  to  be  followed  by  changes  of  the 
weather.  This,  in  the  infancy  of  meteorological 
science,  led  to  farther  and  more  accurate  observations,  and 
various  alterations  and  improvements  were  suggested  in  the 
construction  of  the  barometer,  or  ueat/ier-t/lass. 

The  constructions  of  this  instrument  are  now  exceedingly 
varied  and  numerous,  much  beyond  what  our  limits  will  admit 
of  enumerating  ;  we  must,  therefore,  content  ourselves  with 
describing  the  most  popular  and  general  forms,  and  refer  the 
reader  who  wishes  for  farther  information  to  the  article  Baro- 
meter, in  Rees's  Cyclopedia,  where  he  will  find  a  detailed 
account  of  nearly  all  the  forms  and  uses  to  which  this  instru- 
ment has  been  applied. 

Common  Barometer. — This  is  represented  in  the  figure  above, 
such  as  it  was  invented  by  Torricelli.  A  B  is  a  glass  tube  open 
at  one  end,  and  hermetically  sealed  at  the  other.  A,  having  its 
diameter  about  one-third  or  one-fourth  of  an  inch,  and  its 
length  thirty-three  or  thirty-four  inches:  this  is  filled  with 
purified  mercury  so  justly  as  not  to  have  any  air  over  it,  nor 
any  bubbles  adhering  to  the  sides  of  the  tube,  which  is  best  done 
by  means  of  a  small  paper  or  glass  funnel,  with  a  capillary 
tube.  The  orifice  of  the  tube,  filled  after  this  manner,  so  as  to 
overflow,  is  then  closely  pressed  by  the  finger,  so  as  to  exclude 
any  air  between  it  and  the  mercury  ;  this  done,  invert  the  tube, 
and  immerse  the  finger  and  end,  thus  stopped,  into  a  bason  of 
like  purified  quicksilver,  and  in  this  position  withdraw  the, 
finger,  and  the  mercury  will  descend  in  the  tube  to  someplace, 
as  E,  betHcen  twenty-eight  and  thirty-one  inches  above  the 
surface  of  the  mercury  in  the  bason  at  F  ;  these  being  the  limits 
between  which  it  always  stands  near  the  surface  of  the  earth 
or  sea.  Instead,  however,  of  the  detached  vessel  C  I),  the 
modern  barometer  tubes  are  curved  at  the  bottom,  and  termi- 
nate in  a  bulb,  which  ought  to  be  as  big  as  it  can  be  conveniently 
made,  in  order  that  the  variation  in  the  altitude  of  the  mercury 
in  the  tube  may  aliect,  as  little  as  possible,  the  depth  of  that  in 
the  bulb. 

The  barometer  tubes,  under  either  of  the  above  forms,  are 
now  to  be  enclosed  in  a  wooden  ease  or  frame,  to  prevent  their 
being  broken,  and  the  vessel  or  bulb,  though  open  to  the  air, 
must  be  secured  from  dust;  and  thus  far  the  construction  will 
be  completed. 

Next,  measure  from  the  surface  of  the  mercury  at  F,  28 
inches  to  G,  and  .'il  inches  to  H  ;  dividing  the  spaces  between 
them  into  inches  and  tenths,  which  are  marked  on  a  scale 
placed  against  the  side  of  the  tube;  and  these  tenths  arc  again 
subdivided  into  hundredth  parts  of  an  iiuh,  by  means  of  a 
sliding  index  carrying  a  vernier  or  nonius.  In  the  common 
barometers  called  weat/ter-i/lasses,  the  lowest  limit  at  G  is 
marked  slormij,  and  the  highest  i)oint.  H,  is  marked  on  one 
side  very  dry  for  summer,  aud  on  the  other,  iirii  hard  frost  for 
winter.  To  the  next  half-inch  below  the  highest  jioint  are 
annexed  set  fair  on  the  one  side,  and  set  frost  on  the  other.  At 
the  lieight  of  30  inches, /h/c  is  marked  on  one  side,  and  />(«f  on 
the  other.  At  the  height  of  '2i)\  inches  is  marked  chanyeable, 
both  for  summer  and  winter;  and   at  29  inches,  rein  on  one 
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side,  and  snow  on  the  other.  At  28J  inches,  much  rain  on  one 
side,  and  much  snow  on  the  otlier  ;  the  lowest  division  being 
marked  stormi/,  as  we  have  before  observed. 

The  barometer  is  advanta>;eously  employed  in  measurin;?  the 
heights  of  mountains;  and  for  every  103  feet  perpendicular 
that  the  instrument  is  carried  up  a  mountain,  the  mercury  fails 
1-lOth  of  an  inch;  103  feet  of  air  being  equal  to  1-lOth  of  an 
inch  of  mercury  on  the  surface  of  the  earth  :  that  is,  to  one 
degree  in  the  scale  of  the  barometer.  Thus,  on  the  top  of 
Snowden,  in  Wales,  the  mercury  sinks  3'67  inches,  therefore 
that  mountain  is  3720  feet  high. 

A  thermometer  should  always  be  attached  to  the  barometer, 
and  by  the  side  of  it  a  scale  of  correction,  to  shew  how  much 
to  add  or  subtract  from  the  height  of  the  mercury  in  the  baro- 
meter, for  the  degree  of  temperature  ;  for  it  is  evident,  that  the 
mercury  in  the  tube  will  be  ali'ected  by  heat  and  cold  in  the 
same  manner  as  the  thermometer,  and,  on  that  account,  it  will 
not  shew  the  true  weight  of  tlie  atmosphere.  For,  by  numerous 
experiments  it  has  been  found,  that  air  expands  about  ^^tli 
part  of  its  bulk  for  every  degree  of  heat,  and  contracts  the 
same  for  every  degree  of  cold,  and  consequently,  the  result 
obtained  from  the  above  formula  must  be  increased  or  dimi- 
nished by  as  many  times  jJjjth  part  of  itself,  as  the  temperature 
in  degrees  exceeds,  or  is  less  than,  31°.  Hence  we  have 
another  rule  for  measuring  altitudes  by  the  barometer,  viz. 

Observe  the  height  of  the  mercury  at  the  bottom  of  the 
object  to  be  measured,  and  again  at  its  top  ;  as  also  the  degree 
of  the  thermometer  in  both  these  situations ;  and  half  the 
sum  of  these  two  last  may  be  accounted  the  mean  temperature. 
Then  multiply  the  difference  of  the  logarithms  of  the  two 
heights  of  the  barometer  by  10,000,  and  correct  the  result  by 
adding  or  subtracting  so  many  times  its  435th  part,  as  the 
degrees  of  the  mean  temperature  are  more  or  less  than  31°; 
and  the  last  number  will  be  the  altitude  in  fathoms. 

Example. — If  the  heights  of  the  barometer  at  the  bottom  and 
lop  of  a  hill  are  29-37  and  26-59  inches  respectively,  and  the 
mean  temperature  26°,  what  is  the  height? 

Log.  29-37  =   1-407904 
Log.  26-59  =    1-124718 


Difference  of  Logs.  =  0043186 
Multiply  by        10000 


431-86 

Now  31°  —  26°  =:  5°  temperature  below  31°  ;  therefore  ^^  of 
431-86  =:  •4-96  ;  consequently  43rs6  —  4  96  =:  4'26-90  fathoms, 
the  altitude  of  the  hill. 

This  requires,  however,  certain  mollifications,  on  account 
of  the  difference  in  low  and  elevated  situations,  the  expan- 
sion of  the  column  of  mercury,  and  other  circumstances,  which 
the  limits  of  our  article  will  not  admit  of  investigating.  Before 
M.  de  Luc  began  his  experiments  with  the  barometer,  a  mean 
of  the  two  temperatures  shewn  by  the  thermometer  attached  to 
the  barometer,  and  the  height  of  the  barometer,  at  the  bottom 
and  top  of  a  hill,  were  thought  sufficient  for  determining  its 
altitude.  De  Luc,  however,  found  that  an  additional  or 
detached  thermometer  was  also  necessary;  and  this  has  been 
since  confirmed  by  the  experiments  of  General  l?oy  and  Sir  G. 
Shuckburgh.  The  formuhc  for  the  height  in  fathoms,  according 
to  the  two  latter  observers,  are  as  follow  : 

ROV. 


10000 


/  =   -468  d\x  \l  +  (f—  3-2°)  -00245  ^ 


SHUCKBURGH. 


1 10000  /  —   -440  d\x  I  I  +  (/—  3-2°)  00243  ^ 

Where  /  :^  diff.  of  logs,  of  the  heights  of  barometer, 
i!  r=  ditr.  of  degrees  Farhenheit's  thermometer, 
f  ^  mean  of  the  two   temperatures  shewn  by 
the  detached  thermometer  exposed  for  a 
few  minutes  to  the  open  air  in  the  shade 
of  the  two  stations. 
The   sign  —  takes   place  when    the   attached   thermometer  is 
highest  at  the  lower  station,  and  the  sign  +  when  it  is  lowest 
at  that  station. 

Example. — Find  the  height  of  a  mountain,  from  the  following 
observations  taken  at  the  foot  and  summit : 


Baroni.  Attach.  Therm.     Detach.  Therm. 

Lowest  station,  29-862 68° 71° 

Highest  station,  261.37   6:5°   55° 

Here  we  have,  rf  =z    .5°,  difl'erence  detached  llierniometer. 

And /m  63°,  mean  of  attai-lied  thermometer. 

Log.  29-802  =    1-475119 
Log.  26-137  =:   1-417256 


Difference  of  Logs.  =  0057863  =  ?. 
Then,  by  the  first  formula, 
f  —  3-2°  =31°,  and  1  -f  (31  x  -00245)  = 
10000  /  =:   10000   X    -057863  =  578  63 
-468  (/  =      -468   X    5     =        2-34 


1  -07595 


Multiply  by 


576-29 
1  07595 


620  fathoms. 


the  altitude  sought ;  the  decimals  being  rejected  as  unimportant. 

Ramsden's  ens;raved  table  gives  the  height  =z  37.30  feet,  or 
621§  fathoms.  This  table  is  on  a  slip  of  paper,  a  foot  long  and 
about  3;  inches  wide  ;  the  logarithmic  differences,  from  25  to 
31  inches,  are  given  to  SOOths  of  an  inch,  and  the  corrections 
for  the  thermometer  at  both  stations  found  by  inspection. 

It  may  be  observed,  that  in  determining  altitudes  by  the 
barometer,  it  is  best  to  make  the  observations  at  the  upper  and 
lower  stations  at  one  and  the  same  time,  as  nearly  as  can  be  ; 
but  great  care  must  be  taken  that  the  two  barometers,  and  also 
the  thermometers,  are  alike  ;  that  is,  they  should  precisely 
agree  when  together  in  all  states  of  the  air.  It  is  also  neces- 
sary that  the  specific  gravity  of  the  mercury  be  well  ascer- 
tained, because  it  is  not  equally  pure  in  all  barometers ;  which 
is  the  principal  reason  why  dillerent  results  have  been  so 
frequently  obtained,  from  observations  made  with  dillerent 
barometers  at  the  same  stations.  Other  circumstances,  not 
generally  known,  may  contribute  to  such  disagreement;  thus, 
Mr.  Ramsden  proved,  by  experiment,  that  the  quicksilver  in 
barometer  tubes,  made  of  different  sorts  of  glass,  will  be  sus- 
pended at  different  heights. 

In  the  following  Table,  for  measuring  the  altitude  of  any 
mountain,  the  first  column  expresses  its  height  in  feet  or  miles; 
the  second,  the  height  of  the  quicksilver  ;  and  the  third,  the 
descent  of  the  quicksilver  in  the  barometer;  and  this  at  a 
mean  density  of  the  air. 


Feet. 

High.  Baroni. 

Descent. 

;     Feet. 

High.  Barom. 

Descent. 

0 

29-500 

100 

29-400 

•100 

;    2000 

27-028 

2-472 

200 

29-301 

■199 

;     2700 

20-933 

2-562 

300 

29-203 

•297 

5     2800 

20-848 

2-652 

400 

29-105 

•395 

;     2900 

26-758 

2-742 

500 

29007 

•493 

;     3000 

26  668 

2-832 

600 

28-910 

•590 

;     3100 

26-578 

2-922 

700 

28-812 

•688 

;     2200 

26-489 

3011 

800 

28-716 

•784 

;     3300 

26-400 

3-100 

900 

28-619 

•881 

;     340(» 

20-31 1 

3-189 

1000 

28  523 

•977 

;     3500 

262-22 

3-278 

1100 

28-428 

1-072 

•     3000 

26- 136 

3-364 

1-200 

28  332 

1-108 

;     3700 

20^049 

3-451 

1300 

28  237 

1-202 

;     3800 

25-901 

,3-539 

1400 

28- 143 

1-357 

;     ,3900 

25-874 

3-626 

1500 

28-048 

^452 

;     4000 

25-786 

3-714 

1600 

27-954 

1-540 

;     4100 

25  699 

3  801 

1700 

27-860 

1-040 

;     4-2(M) 

•25-613 

3-887 

1800 

27-766 

1-734 

;     4300 

25-527 

3-973 

1900 

27072 

1-8-28 

;     4400 

'25  441 

4-059 

2000 

27-579 

1-921 

!     4500 

25-355 

4146 

2100 

27-487 

2013 

!     4000 

25270 

4-230 

2200 

27-394 

■2-106 

;     4700 

25-185 

4-315 

2300 

27-302 

•2^198 

;     4800 

25-101 

4-.399 

2400 

•27-210 

2-290 

;     4900 

2.5-017 

4-4a3 

2.300 

-27-119 

2.381 

;     .5000 

21-9.-!.-! 

4-667 
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The  Table  continued,  in  Miles. 


Miles. 

High.  Barom. 

Descent. 

;     Miles. 

High.  Barom. 

Descent. 

0- 

29-50 

0-26 

2.S-21 

1-29 

J     3-25 

16-57 

12-93 

0'50 

26'y8 

2-52 

i     3-50 

15-85 

13-65 

()-75 

25-80 

3-70 

!.   3-75 

1516 

14-34 

1- 

2470 

4-80 

!      '*■ 

14-50 

15-00 

l-2o 

23-62 

5-88 

;     4-25 

13-87 

15-63 

150 

22-GO 

6-90 

J     4-50 

13-27 

16-23 

1-75 

21-62 

7-88 

;     4-75 

12-70 

16-80 

2- 

20-68 
19-78 

8-82 
9  72 

;    5- 

12-15 

1735 

2-25 

;     5-25 

11-62 

17-88 

250 

1893 

10-57 

!     5-50 

11-12 

18-38 

2-75 

18-U 

11  39 

;     575 

10-64 

1886 

3- 

17-32 

12-18 

;    6- 

10-18 

19-32 

Another  sort  of  barometer  shews  the  ascent  and  descent 
of  the  mercury  at  the  bottom,  as  A  B  C  (aniie.\ed  figure)  a 
recurve  tube,  close  at  the  top,  where  the 
bucket  C  is,  and  open  at  the  end  A.  The 
length  of  C  B  is  32  or  33  inches,  and  of  A  B 
C  or  7.  The  bucket  C  should  contain  about 
as  much  as  the  end  A  B  ;  and  the  bucket 
and  end  C  B  must  be  quite  lilkd  with  mer- 
cury, as  far  as  B,  a  little  beyond  the  turn. 
The  wider  the  bucket  C  is,  tlie  better.  The 
scale  set  to  the  end  A  B  must  be  graduated 
downwards  ;  for  the  mercury  falls  in  this, 
when  it  rises  in  the  other  sort.  This  being 
placed  against  a  wall,  will  shew  the  height 
of  the  mercury,  as  in  the  common  ones  ;  and 
this  way  is  more  commodious,  as  it  saves 
the  labour  of  clambering  up  upon  chairs  to 
see  it,  as  one  must  do,  in  the  common  sort, 
to  see  the  index  exactly. 

A  barometer  may  also  be  made  of  water, 
(as  in  the  lower  figure,)  which  is  a  water- 
barometer.  A  B  is  aglass  tube  open  at  both 
ends,  and  cemented  close  in  tlie  mouth  of 
the  bottle  E  F,  and  reaching  very  near  the 
bottom  ;  then,  warming  tlie  bottle  at  the  fire, 
part  of  the  air  will  fly  out ;  then  the  end  A 
is  put  into  a  vessel  of  water  mixed  with  co- 
chineal, which  will  go  through  the  pipe  into 
the  bottle  as  it  grows  cold.  Then  it  is  set 
upright ;  and  the  water  may  be  made  to 
stand  at  any  point  C,  by  sucking  or  blowing 
at  A.  And,  if  this  barometer  be  kept  to  the 
same  degree  of  beat,  by  putting  it  in  a  vessel 
of  sand,  it  will  be  very  correct  for  taking 
small  altitudes;  for  a  little  alteration  in  the 
weight  of  the  atmosphere  will  make  the 
water  at  C  rise  or  fall  in  the  tube  very  sen- 
sibly ;  but  if  it  be  suffered  to  grow  warmer, 
the  water  will  rise  too  high  in  the  tube,  and 
spoil  the  use  of  it ;  so  that  it  must  be  kept 
to  the  same  temperature. 

If  a  barometer  was  to  be  made  of  water 
put  into  an  exhausted  tube,  after  the  manner  of  quicksilver,  it 
would  require  a  tube  36  feel  long  or  more  ;  which  could  hardly 
find  room  within  doors  ;  but  then  it  would  go  14  times  more 
exact  than  quicksilver;  because,  for  every  inch  the  quicksilver 
rises,  the  water  would  rise  14,  from  whence  every  minute 
change  in  the  atmosphere  would  be  discernible.  And  the 
water-barometer,  above  described,  will  shew  the  variation  of 
the  air's  gravity  as  minutely  as  the  other,  if  the  bottle  be  large, 
to  hold  a  great  quantity  of  air. 

T/ie  Diayonal  Barometer  acts  on  the  same  principle  as  the 
common  barometer  above  described,  except  that  the  upper 
end  of  the  tube  is  bent  at  about  an  angle  of  45°  from  the  verti- 
cal, whereby  the  scale  of  variations  is  increased  in  about  the 
ratio  of  3  to  2  ;  or  more  accurately,  in  the  ratio  of  the  diagonal 
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of  a  square  to  the  length  of  its  side.  If  the  upper  end  bo 
bent  in  a  greater  angle,  the  scale  of  variation  will  be  so  mucli 
the  more  increased ;  but  in  practice,  it  is  not  found  convenient 
to  have  the  angle  much  exceeding  45°. 

The  Horizontal  Barometlk,  consists  of  a  tube  bent  at  right 
angles,  having  a  pretty  wide  cylindrical  part  at  the  upper  end 
of  the  vertical  leg,  which  is  hermetically  sealed,  the  horizontal 
leg  being  open,  where,  however,  the  mercury  cannot  run  out, 
being  opposed  by  the  pressure  of  the  atmosphere,  the  varia- 
tions of  which  are  indicated  by  a  scale  attached  to  that  branch 
of  the  instrument. 

The  Marine  Barometer  of  Dr.  Hooke,  is  intended  to  be 
used  on  shipboard,  being  contrived  so  as  not  to  be  affected  or 
injured  by  the  motion  of  the  vessel.  It  consists  of  a  double 
thermometer,  or  two  tubes  half  filled  with  spirits  of  wine  ;  the 
one  sealed  at  both  ends,  with  a  quantify  of  air  included  ;  the 
other  sealed  at  one  end  only.  The  former  of  these  is  affected 
only  by  the  temperature  of  the  air  ;  but  the  other,  both  by  the 
external  tempeiature,  and  by  the  variable  pressure  of  the 
atmosphere.  Hence,  considering  the  spirit  thermometer  as  a 
standard,  the  excess  of  the  rise  or  fall  of  the  other,  beyond  the 
former,  will  shew  the  increase  or  decrease  of  the  pressure  of 
the  atmosphere.  The  marine  barometer  is  a  very  useful  instru- 
ment for  indicating  any  change  in  the  state  of  the  weather. 

The  Pendant  Barometer  is  rather  pretty  than  useful,  and 
consists  of  a  conical  tube  placed  vertically,  its  upper  and 
smaller  extreme  is  hermetically  sealed,  and  its  larger  and 
lower  end  open:  it  has  no  vessel  or  cistern,  its  conical  figure 
supplying  that  defect;  for  when  filled  like  the  rest,  there  will 
be  as  much  mercury  sustained  as  is  equivalent  to  the  weight  of 
the  atmosphere  ;  and  as  that  varies,  the  same  mercury  takes 
up  a  different  part  of  the  tube,  and  so  becomes  of  a  different 
weight. 

7'/«- Po(-«flWe  Barometer  is  so  constructed,  that  it  may  be 
carried  from  one  place  to  another  without  damage  or  derange- 
ment. The  end  of  the  tube  is  tied  up  in  a  leathern  bag,  not 
quite  full  of  mercury,  which  being  pressed  by  the  air,  forces 
itself  into  the  tube,  and  keeps  suspended  at  its  proper  height. 
This  bag  is  usually  enclosed  in  a  box,  through  the  bottom  of 
w  hich  passes  a  screw,  by  means  of  which  the  mercury  may  be 
forced  to  the  upper  end  of  the  tube,  and  prevented  from  break- 
ing it  by  dashing  against  the  lop,  an  accident  very  likely  to 
happen  ttithout  this  precaution. 

The  Reduced  Barometer  is  only  three  inches  long,  and 
serves  the  purpose  of  a  manometer,  in  shewing  the  dilations 
of  the  air  in  the  receiver  of  an  air-pump,  for  which  purpose  itis 
now  commonly  employed. 
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The  Wheel  Barometer,  as  here  re- 
presented, was  invented  by  Dr.  Hooke, 
about  the  year  1668,  and  is  meant  to 
render  the  alterations  in  the  air  more 
sensible.  Here  the  barometer  tube  has 
a  large  ball,  A  B,  at  tup,  and  is  bent  up 
at  the  lower  or  open  end,  where  an 
iron  ball,  G,  floats  on  the  surface  of  the 
mercury  in  the  tube,  to  which  is  con- 
nected liiiother  ball,  H,  by  a  cord  hang- 
ing freely  over  a  pulley,  turmiig  an 
index,  K  L,  about  its  centre.  In  this 
nslrument  the  variations  of  the  mer- 
cury take  place  in  the  lower  part  of 
the  tube  ;  for  the  height  of  the  mercury 
])eing  always  the  difference  between 
its  upper  and  lower  surface,  and  as  in 
this  instrument,  in  consc(|uence  of  the 
great  diameter  of  the  ball,  the  mercury 
can  rise  but  very  little  in  the  upper 
part,  it  follows  that  the  most  obvious 
variation  must  take  place  in  the  lower 
branch.  Now,  when  the  quicksilver  rises  in  the  part  FG,  it 
raises  the  ball  G,  and  the  other  ball  H  descends  and  turns  the 
pulley,  with  an  index  round  a  graduated  circle,  from  N  towards 
M  and  P,  and  the  contrary  way  when  the  mercury  and  ball 
sink  in  the  bent  part  of  the  tube.  Hence  the  scale  is  easily 
enlarged  ten  or  twelve-fold,  being  increased  in  proportion  to 
the  axis  of  the  pulley,  to  the  length  of  the  index  K  L.     But 
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then  it  must  be  observed,  that  the  friction  of  the  pulley  and 
axis  <treatly  obstructs  the  free  motion  of  the  quicksilver.  This 
imperfection  in  wheel  barometers  has  been  in  a  ^reat  measure 
obviated  by  introducing  two  pulleys,  movin<;  on  friction  wheels. 

Various  other  barometers  mi!;ht  here  be  enumerated,  as 
ronstructed  by  Descartes,  Huyscens,  De  la  Hire,  Boyle,  Orme, 
Caswell,  Rowninc,  &c.  many  of  them,  however,  now  out  of  use, 
are  purposely  omitted. 

rhenomena  of  the  Barometer.— The  phenomena  of  the  baro- 
meter, considered  as  a  w  cather-glass,  have  been  very  diirc- 
ently  stated  and  explained  by  various  writers ;  and  they  are 
so  precarious,  that  it  is  extremely  ditlicult  to  form  any  fixed  and 
general  rules  concerning  them.  Although  the  barometer  never 
fails  to  indicate  a  storiu,  or  any  great  change  of  weather,  for  some 
hours  before  it  occurs ;  yet  its  variations  adord  no  indications 
that  are  absolutely  certain,  with  respect  to  those  less  consi- 
derable changes,  to  which  the  w  eathcr  is  subject  in  our  variable 
climate.  With  certain  restrictions  they  afford  some  ground 
for  probable  conjecture  ;  and  these  restrictions  are  to  be  deter- 
mined merely  by  the  sagacity  of  long-continued  observation 
and  experience.  Strictly  speaking,  the  height  of  the  mercury 
in  the  barometer  has  no  immediate  and  necessary  connexion 
either  with  rain  or  fair  weather.  That  its  variable  height 
is  the  immediate  consequence  of  the  variable  pressure  of  the 
atmosphere,  is  a  fact  that  admits  of  no  doubt ;  but  the  causes 
of  this  variable  pressure  have  not  yet  been  fully  and  satis- 
factorily ascertained  ;  and  how  far  the  state  of  the  wea- 
ther, in  all  its  minute  and  sudden  changes,  depends  upon 
it,  is  a  question  that  is  still  to  be  determined.  The  mercury  is 
commonly  highest  in  winter  and  lowest  in  summer;  it  is  least 
variable  at  the  solstices,  and  most  vaiiable  at  the  equinoxes. 
The  principal  observations  that  have  been  made  on  the  varia- 
tions of  this  instrument,  are  summed  up  in  the  following  par- 
ticulars : — 

1.  The  more  considerable  elevations  and  depressions  of  the 
mercury  in  the  barometer  happen  at  a  very  short  interval  of 
time,  in  places  very  remote  from  each  other.  This  corre- 
spondence was  observed  by  Mr.  Dcrham,  in  1699,  between  the 
heights  of  the  mercury  at  Upminster  in  Essex,  and  Townly  in 
Lancashire  ;  and  afterwards  by  M.  Maraldi,  between  the 
variations  at  Paris  and  Genoa,  at  the  distance  of  nearly  four 
degrees  of  latitude,  w  ho  adds,  during  these  variations,  different 
winds  prevailed  at  these  places.  But  Mr.  Kirwau  observes, 
that  where  there  is  a  considerable  difference  of  longitude,  the 
like  agreement  is  not  found. 

2.  The  deviations  of  the  mercury  from  its  mean  annual 
altitude  are  far  more  frequent  and  extensive  in  the  neighbour- 
hood of  the  poles  than  in  that  of  the  equator.  At  Petershurgh, 
in  17"2d,  the  mercury  once  stood  at  the  amazing  height  of  3lo9 
inches,  if  we  may  credit  Mr.  Consett ;  and  yet  it  lias  been  so 
low  as  28' 14  inches.  In  the  northern  parts  of  France,  the 
variations  are  greater  than  in  the  southern:  at  Naples,  they 
scarcely  exceed  one  inch.  In  Peru,  under  the  equator,  and  at 
the  level  of  the  sea,  they  amount  only  to  two  or  three  tenths  of 
an  inch;  but  in  other  parts,  nilhin  a  few  degrees  of  the  line, 
on  the  approach  of  the  rainy  season,  or  of  hurricanes,  the 
barometer  falls  an  inch  or  more. 

3.  The  variations  without  the  tropics,  are  greater  and  more 
frequent  in  the  winter,  than  in  the  summer  months. 

4.  The  variations  are  considerably  smaller  in  very  elevat- 
ed situations  than  on  the  level  of  the  sea.  Thus  M.  Bouguer 
observed,  that  on  the  coast  of  Peru  the  variations  extended  to 
i  of  an  inch;  at  Quito,  elevated  9374  feet  above  the  sea,  they 
comprehend  only  U'OSTths  of  an  inch.  Saussure  made  similar 
observations  in  Savoy,  as  did  M.  Lambert  in  Switzerland. 

5.  The  mean  height  of  the  barometer  on  the  level  of  the  sea, 
in  most  parts  of  the  glolie  hitherto  examined,  is  about  30  inches  : 
M.  Bouguer,  uiuler  the  line,  observed  it  at  ■29'908  inches  ;  but 
as  his  barometer  was  not  pureed  of  air  by  lire,  it  stood  lower 
than  it  should  have  <lone.  Sir  (J.  SluK^khurglr,  on  a  mean  of 
several  observations  on  the  coasts  of  Italy  and  England,  found 
it  at  3004  Inches,  when  the  temperature  of  the  mercury  was 
5.5°,  and  that  of  the  air  ()2°.  The  mean  height  of  the  barometer 
in  London,  upon  an  average  of  tv.o  observations  in  every  day 
of  the  year,  kept  at  the  house  of  the  Royal  .Society,  for  many 
years  past,  is  2988;  the  mean   temperature  or  height  of  the 


thermometer,  according  to  the  same,  being  58°.  The  greatest 
height  observed  by  Sir  G.  Shuckburgh,  Dec.  26,  1778,  in  Lon- 
don, was  30'948  inches,  the  thermometer  being  at  47°;  and, 
reduced  to  the  heat  of  50°,  it  was  30957  ;  and  tliis,  he  says,  is 
the  greatest  height  which,  as  far  as  he  has  been  able  to  collect, 
it  has  ever  been  known  to  stand  at  in  any  country,  where 
observations  have  been  mode  and  recorded,  since  the  first 
invention  of  this  instrument.  In  the  proximity  of  the  poles, 
says  ]\Ir.  Kirwan,  the  annual  mean  heights  of  the  barometer 
dilicr  much  more  from  the  standard  than  in  the  more  southern 
parts  of  our  hemisphere. 

In  estimating  the  connexion  of  the  variation  of  the  barometer 
with  the  weather,  particular  rules  have  been  given  by  different 
philosophers;  our  limits,  however,  will  only  allow  of  stating 
those  of  Dr.  Halley  and  Mr.  Patrick,  which  are  as  follow  :-- 

Dr.  Haltei/'s  Rules  for  jiidi/inr/  of  the  Weather.- — 1.  In  Cdlm 
weather,  when  the  air  is  inclined  to  rain,  the  mercury  is  com- 
monly low. 

2.  In  serene,  good,  and  settled  weather,  the  mercury  is 
generally  high. 

3.  Upon  very  great  winds,  though  they  l)e  not  accompanied 
with  rain,  the  mercury  sinks  lowest  of  all,  according  to  the 
point  of  the  compass  the  wind  blows  fiom. 

4.  The  greatest  heights  of  the  mercury  are  found  upon 
easterly  or  north-easterly  winds,  other  circumstances  alike. 

5.  In  calm  frosty  weather,  the  mercury  commonly  stands 
high. 

6.  After  very  great  storms  of  wind,  when  the  mercury  has 
been  very  low,  it  generally  rises  again  very  fast. 

7.  The  more  northerly  places  have  greater  alterations  of  the 
barometer  than  the  more  southerly,  near  the  equator. 

8.  Witliin  the  tropics,  and  near  them,  there  is  little  or  no 
variation  of  the  barometer,  in  all  weathers.  For  instance,  at 
St.  Helena  it  is  little  or  nothing,  at  Jamaica  fjths  of  an  inch, 
and  at  Naples  the  variation  hardly  ever  exceeds  an  inch  ; 
whereas  in  England  it  amounts  to  2^  inches,  and  at  Petersburgh 
to  3|  nearly. 

Dr.  Beal,  who  followed  the  opinion  of  M.  Pascal,  observes, 
that,  ceteris  paribus,  the  mercury  is  higher  in  cold  weather  than 
in  w  arm  ;  and  in  the  morning  and  evening  usually  higher  that  at 
mid- day:  that  in  settled  and  fair  weather  the  mercury  is  higher 
than  either  a  little  before  or  after,  or  in  the  rain  ;  and  that  it 
commonly  descends  lower  after  rain  than  it  was  before  it. 
And  he  ascribes  these  effects  to  the  vapours  with  which  the  air 
is  charged  in  the  former  case,  and  which  are  dispersed  by  the 
falling  lain  in  the  latter.  If  it  chance  to  rise  higher  after  rain, 
it  is  usually  followed  by  a  settled  serenity.  And  that  there  are 
often  great  changes  in  the  air,  without  any  perceptible  altera- 
tion in  the  barometer. 

lilr.  Patrieh's  Rules  for  judging  of  the  Weather. — These  are 
esteemed  the  best  of  any  general  rules  hitherto  made: 

1.  The  rising  of  the  mercury  presages,  in  general,  fair  wea- 
ther; and  its  falling,  foul  weather,  as  rain,  snow,  high  winds, 
and  storms. 

2.  In  very  hot  weather,  the  falling  of  the  mercury  indicates 
thunder. 

3.  In  winter,  the  rising  presages  frost ;  and  in  frosty  w  eather, 
if  the  mercury  falls  three  or  four  divisions,  there  will  certainly 
follow  a  thaw.  But  in  a  continued  frost,  if  the  mercury  rises, 
it  will  certainly  snow. 

4.  When  foul  weather  happens  soon  after  the  falling  of  the 
mercury,  expect  but  little  of  it ;  and  on  the  contrary,  expect 
but  little  fair  weather  when  it  proves  fair  shortly  after  the 
mercury  has  risen. 

5.  In  foul  weather,  when  the  mercury  rises  n-.u<h  and  high, 
and  so  continues  for  two  or  three  days  before  the  foul  weather 
is  quite  over,  then  expect  a  continuance  of  ftiir  weather  to 
follow. 

6.  In  fair  weather,  when  the  mercury  falls  cmirh  and  low,  and 
thus  contiimcs  for  two  or  three  days  before  the  rain  comes, 
then  expect  a  great  deal  of  wet,  and  probably  high  winds. 

7.  The  unsettled  motion  of  the  mercury  denotes  uncertain 
and  change;il)lc  weather. 

8.  You  arc  not  so  strictly  to  observe  the  words  engraven  on 
the  plates,  as  the  mercury's  rising  and  falling  ;  though  in  gene- 
ral it  will  agree  w  itli  them.     For  if  it  stands  at  much  rain,  and 
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then  rises  up  to  changeable,  it  presages  fair  weather  ;  though 
not  to  continue  so  long  as  if  the  mercury  had  risen  higher. 
And  so,  on  the  contrary,  if  the  mercury  stood  at  fair,  and  falls 
to  changeable,  it  presages  foul  weather  ;  though  not  so  much 
of  it  as  if  it  had  sunk  lower. 

Upon  these  rules  of  Mr.  Patrick  the  following  remarks  are 
made  by  Mr.  Rowning  :  That  it  is  not  so  much  the  absolute 
height  of  the  mercury  in  the  tube  that  indicates  the  weather, 
as  its  motion  up  and  down  :  wherefore,  to  pass  a  right  judg- 
ment of  what  weather  is  to  be  expected,  we  ought  to  know 
whether  the  mercury  is  actually  rising  or  falling  ;  to  which  end 
the  following  rules  are  of  use  : 

1.  If  the  surface  of  the  mercury  is  convex,  standing  higher  in 
the  middle  of  the  tube  than  at  the  sides,  it  is  a  sign  that  the 
mercury  is  then  rising. 

2.  But  if  the  surface  be  concave,  or  hollow  in  the  middle,  it 
is  then  sinking.     And, 

3.  If  it  be  plain,  or  rather  a  very  little  convex,  the  mercury 
is  stationary :  for  mercury  being  put  into  a  glass  tube,  espe- 
cially a  small  one,  naturally  has  its  surface  a  little  convex, 
because  the  particles  of  mercury  attract  one  another  more 
forcibly  than  they  are  attracted  by  glass.     Farther, 

4.  If  the  glass  be  small,  shake  the  tube;  then  if  the  air  be 
grown  heavier,  the  mercury  will  rise  about  half  a  tenth  of  an 
inch  higher  than  it  stood  before  ;  but  if  it  be  grown  lighter,  it 
will  sink  as  much.  And,  it  may  be  added,  in  the  wheel  or 
circular  barometer,  tap  the  instrument  gently  with  the  finger, 
and  the  index  will  visibly  start  forwards  or  backwards,  accord- 
ing to  the  tendency  to  rise  or  fall  at  that  time.  This  proceeds 
from  the  mercury's  sticking  to  the  sides  of  (he  tube,  which 
prevents  the  free  motion  of  it  till  it  be  disengaged  by  the  shock  : 
and  therefore,  when  an  observation  is  to  be  made  with  such  a 
tube,  it  ought  to  be  first  shaken  ;  for  sometimes  the  mercury 
will  not  vary  of  its  own  accord,  till  the  weather  is  present 
which  it  ought  to  have  indicated. 

BAROSCOPE,  an  instrument  for  shewing  the  weight  of  the 
atmosphere,  frequently  confounded  with  barometer  :  they  are 
not,  however,  precisely  the  same  ;  the  one  being  intended  only 
to  shew  that  the  air  has  weight,  whereas  the  other  measures 
that  weight,  and  determines  its  true  quantity. 

B.\RREL,  an  English  vessel  or  cask,  which  contains  36  gal- 
lons beer  measure,  and  32  gallons  ale  measure.  The  barrel  of 
beer,  vinegar,  or  liquor  preparing  for  vinegar,  ought  to  contain 
34  gallons,  according  to  the  standard  of  the  ale  quart.  Barrel 
is  also  used  as  a  measure  in  various  commodities  ;  thus, 

Barrel  of  Essex  butter  is 106  lb. 

Barrel  of  Suflolk  butter 256  lb. 

x>        1  ^  of  herrings  holds 32  gallons  wine  measure. 

^"^"^^   (  and  contains  about ..  ..  1000  herrings. 

Barrel  of  salmon  holds 42  gallons. 

Barrel  of  soap  is 2o6  lb. 

Barrel,  in  Machinery,  is  also  applied  to  any  thing  hollow  and 
cylindrical,  as  the  barrel  of  a  pump,  of  a  gun,  of  a  watch,  &c. 

BARROW,  Isaac,  a  very  eminent  mathematician  and  divine 
of  the  17th  century,  was  born  at  London  in  October,  1630,  and 
died  in  May,  1677,  in  the  47lh  year  of  his  age.  He  was  the 
preceptor  and  friend  of  the  celebrated  Newton,  by  whom  only, 
says  Dr.  Pemberton,  he  was  surpassed  in  genius  and  invention. 
Barrow  was  the  author  of  a  great  number  of  works  both  on 
theology  and  mathematics. 

BARRY,  in  Heraldry,  is  when  an  escutcheon  is  divided  bar- 
wise,  or  from  side  to  side,  into  any  number  of  compartments, 
with  tinctures  interchangeably  disposed. 

BARTER,  is  the  exchanging  of  one  commodity  for  another, 
and  forms  a  rule  in  the  commercial  part  of  arithmetic;  is 
nothing  more  than  simple  proportion,  or  the  rule  of  three,  and 
serves  to  teach  us  not  to  sustain  loss  in  the  exchange  of  goods. 

Rule  1. — Find  the  value  of  that  commodity  whose  quantity  is 
given  ;  then  find  what  quantity  of  the  otiier,  at  the  rate  pro- 
posed, you  may  have  for  the  same  money.— 2.  When  one  has 
goods  at  a  certain  price,  ready  money,  but  in  bartering  advances 
it  to  something  more,  find  what  the  other  ought  to  rate  his 
goods  at,  in  proportion  to  that  advance,  and  then  proceed 
as  before. 


Example   1.    What  quantity 
of    chocolate,   at   is.    per    lb. 
must  be  delivered  in  barter  for 
2  cwt.  of  tea,  at  9«.  per  lb.  ? 
cwl. 
2 
112 

224 
9 

4)2016  the  value  of  the  tea. 


504  lb.  of  chocolate  must 
be  delivered  in  barter  for  2  cwt. 
of  tea  at  9*.  per  lb. 


Example  2.  A  and  B  barter ; 
A  bath  20  cwt.  of  prunes,  at 
4(/.  per  lb.  ready  money,  but  in 
barter  will  have5(/.  per  lb.  and 
B  hath  hops  worth  32*.  per  cwt. 
ready  money  ;  what  ought  B 
to  rate  his  hops  at  in  barter, 
and  what  quantity  must  be 
given  for  the  20  cwt.  of  prunes! 
lb.  d.    d.  t. 

1  cut.  =  112     As  4  :  5  :  :  .32 
20  5 


40 
12 


2240 


4)160 


48|0)1120|0(23  1  9JI 
96 

160 
144 

16  =  1  qr.  9JS  lb. 


BASALTES,  in  Natural  History,  a  heavy  hard  stone,  chiefly 
black  or  greenish,  consisting  of  prismatic  crystals,  the  number 
of  whose  sides  is  uncertain.  This  mineral  always  stands 
upright  in  columns,  and  the  British  dominions  present  the 
noblest  specimens  in  the  known  world  of  columnar  basalt ; 
amongst   which,    the    Giant's    Causeway,   in   Ireland,   stands 

Giant's  Causeway. 


conspicuous.  It  consists  of  three  piers  of  basalt  columns, 
which  extend  some  hundred  feet  into  the  sea,  surrounded  by 
precipitous  rocks,  from  200  to  400  feet  high,  in  which  there 
are  several  striking  assemblages  of  columns, some  vertical,  some 
bent  or  inclined,  and  some  horizontal,  and  as  it  were  driven 
into  the  rock.  Bengore,  which  bounds  the  Causeway  on  th<! 
east,  consists  of  alternate  ranges  of  tabular  and  massive,  with 
columnar  basalt.  But  among  the  various  and  grand  objects 
on  this  coast,  Pleskin  is  perhaps  the  most  striking:  it  presents 
several  colonnades  of  great  height  and  ro;;ularity,  separated 
from  each  other  by  tabular  basalt;  and  at  Fairhoad,  tli<-  north- 
east cape  of  Ireland,  and  forming  the  east  side  of  IJallyoavlle 
Bay,  there  is  a  range  of  columns  of  from  ten  to  twenty  feet 
diameter,  and  between  200  and  300  feet  high,  supported  upon 
a  steep  declivity,  and  olfering  to  the  mariner  at  sea  the  spec- 
tacle of  a  terrace,  which  towers  nearly  (>oo  feet  above  the 
waves  that  roll  beneath.  Among  the  Hebrides  of  .Scotland  the 
isles  of  Ulva,  Gometra  and  StaH'a,  and  Mull,  exhibit  massive 
and  columnar  basaltes,  which  nboun<ls  in  black  oxide  of  iron, 
and  bears  a  strong  resemblance  to  lava,  yet  the  lava  of  Mount 
Etna,  in  the  year  1649,  ran  into  the  sea  for  two  leagues  and  a 
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half  willinut  ha-ving  the  least  appearance  of  being  converted 
into  basaltes. 

ChemicaUij  analyzed  Basaltes  and  Lava  give  the  fullotdny  results. 

Lava  100  parts,  contain 

Siliceous  earth   jmrts  49 

Argillaceous , 35 

Calcareous 4 

Iron 1'^ 


Basaltes  100  parts,  contain 

Siliceous  earth parts  50 

Argillaceous 15 

Calcareous *> 

Magnesia 2 

Iron 25 

100 


100 


The  basaltes  of  Staffa  contains  50  parts  of  flint ;  the  lava  of 
Catanea  Mount  Etna,  51  parts;  the  whinslone  of  Salisbury 
Crai"-  near  Edinburgh.  4G  parts  of  flint;  that  of  ihe  Calton 
Hill  Edinburgh,  50;  and  the  lava  of  Sla.  Veneve,  Etna,  50J 
parts  flint  in  every  100  parts.  These  analogies  are  very 
singular  in  these  marbles  ;  which  have  been  considered  by 
some  as  crystallizations  from  water. 

BA.SE  of  a  FiGLRE,  in  Geometry,  denotes  the  lowest  part 
of  its  perimeter ;  in  which  sense  the  base  stands  opposed  to 
the  vertex,  whicli  denotes  the  highest  part. 

B\SE  of  a  )i>/,/-ffH(//ff/ triangle,  is  properly  the  hypothenusc, 
though  it  is  generally  used  to  denote  one  of  the  sides  about 
the  right  angle,  the  other  side  being  called  the  perpendicular; 
this  however,  depends  totally  upon  the  position  of  the  figure, 
as  properly  speaking,  that  side  which  is  lowest,  or  on  which 
the  figure  s'tands,  is  the  base ;  and  for  this  reason  that  side  on 
■which  a  solid  bodv  stands  is  called  the  biise  of  a  solid. 

BASF  of  a  Co«ic' Secnon,  is  a  right  line  in  the  parabola  and 
hyperbola,  formed  by  the  common  intersection  of  the  cutting 
plain  and  the  base  of  the  cone. 

Base  in  Surveying,  is  a  line  measured  with  the  greatest 
possible  exactness,  on  which  a  series  of  triangles  are  con- 
structed, in  order  to  determine  the  position  of  objects  and 

places.  .  ..,.,,,/•       1- 

B\SKERVILLE,  John,  an  eminent  artist  in  letter  founding 
and  printing,  was  born  at  Woverley  in  Worcestershire,  in 
1706,  and  after  bringing  the  printing  of  books  to  its  greatest 
perfection,  in  Birmingham,  he  died,  without  issue,  in  1776. 

BASSOON,  a  musical  instrument  of  the  wind  sort,  blown 
•with  a  reed,  furnished  with  eleven  holes,  and  used  as  a 
bass  in  a  concert  of  hautboys,  flutes,  &c.  To  render  this 
instrument  more  portable,  it  is  divided  into  two  parts,  whence 
it  is  also  called  a  baggot.  Its  diameter  at  bottom  is  nine 
inches,  and  its  holes  are  slopped  like  those  of  a  flute. 

BASTION,  in  Fortificalion,  a  large  mass  of  earth,  faced 
usually  with  sods,  sometimes  with  brick,  standing  out  from  a 


and  he  carries  it  about  with  him,  we  believe,  whenever  he 
removes  from  his  residence  in  Somersetshire  to  London. 


rampart,  whereof  it  is  a  principal  part.     The  bastion  consists 
of  the  face,  flank,  curtain,  ami  gorge,  as  marked  in  the  figure. 

B\TH,  a  receptacle  of  water  in  which  to  plunge,  wash,  or 
bathe  the  bodv;  and  the  water  may  be  either  hot  or  cold, 
natural  or  artilirial.  of  fresh  »ater  or  of  salt.  In  this  country 
we  have  hot  natural  baths  at  Bath,  Hrislol,  Buxton,  and  Mat- 
lock, which  are  all  beneficial  in  diseases  of  the  bead,  palsies, 
cutaneous  diseases,  scurvy,  obstiuclions,  Sc(^  The  Ivussians 
cure  all  diseases  by  hot  baths,  and  now,  in  Britain,  vapour 
baths  as  Captain  .Tekyirs,  (see  the  next  figure.)  are  becoming 
very  common.     The  Captain's  bath  is  also  a  portable  machine, 


BATHING,  immersing  the  body  in  hot  or  cold  water,  or  in 
steam,  made  as  it  were  a  part  of  the  existence  of  the  ancients. 
But  when  the  vapour  is  passed  through  a  cloud  of  burning 
perfumes,  the  bather  is  extended  freely  on  a  couch,  and  a 
servant  kneads  the  whole  body  without  causing  the  slightest 
pain,  and  then  rubs  the  skin  with  a  fine  glove,  til!  it  becomes 
soft  and  smooth  like  silk  ;  it  is  then  indeed  that  one  experiences 
a  universal  comfort,  and  heulth  resulting  from  cleanliness  :  the 
bath  adds  both  to  the  happiness  and  longevity  of  its  votaries. 

BATTALION,  a  small  body  of  infantry,  aranged  in  form  of 
battle,  and  ready  to  engage  an  enemy.  It  consists  of  from 
5110  to  1200  men,  armed  with  firelocks,  swords,  and  bayonc'ts, 
divided  into  13  companies,  one  of  which  is  the  grenadier  com- 
pany. Some  regiments  consist  of  one  battalion,  others  of  2, 
3,  4,  or  6  battalions. 

BATTERING  Ram,  or  Aries,  an  ancient  military  engine, 
employed  for  destroying  the  walls  of  fortified  places,  of  which 
there  were  three  dillerent  sorts  ;  the  first  rude  and  plain,  the 
others  artificial  and  compound.  The  first  seems  to  have  been 
nothing  more  than  a  great  beam,  having  a  heavy  head  of  iron, 
which  the  soldiers  bore  in  their  arms,  and  with  one  end  of  it 
assailed  the  walls  by  main  strength  :  this  of  course  was  worked 
at  a  great  expense  of  labour,  and  vyithout  producing  any 
remarkable  effect.  Tiie  second  sort,  as  described  by  Josephus, 
consisted  of  a  very  heavy  beam,  headed  yvith  iron  as  above,  and 
suspended  in  the  middle  from  another  strong  beam  supported 


on  two  posts,  which  being  erected  under  the  walls  of  Ihe  place, 
was  swung  backwards  and  forwards  by  the  soldiers,  till,  by 
the  repealed  shocks  thus  given,  the  wall  was  totally  demolished : 
this  machine  was  sometimes  covered  by  a  screen,  in  order  to 
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protect  the  soldiers  from  tlie  assaults  of  the  enemy.  The 
above  figure  represents  the  second  kind  of  battering-ram 
suspended  ;  2,  the  ram  ;  3,  the  form  of  its  head,  fastened  to 
the  enormous  beam,  by  three  or  four  bands  of  iron,  four  feet 
in  breadth.  At  the  extremity  of  each  of  these  bands,  (4)  was 
a  chain  (.5)  of  the  same  metal,  one  end  of  whicli  was  fastened  to 
a  hook,  (G)  and  at  the  other  extremity  of  each  of  these  chains 
was  a  cable  firmly  bound  to  the  last  link.  These  cables  ran  the 
whole  length  of  the  beam,  to  the  end  of  the  ram,  (7)  where 
they  were  all  bound  together  as  fast  as  possible  with  small 
ropes.  To  the  end  of  these  cables  another  was  fixed,  com- 
posed of  several  strong  cords,  plaited  together,  to  a  certain 
length,  and  then  running  single  (8.)  At  each  of  these  several 
men  were  placed  to  balance  and  work  the  machine.  10,  the 
chain  or  cable  by  which  it  hung  to  the  cross  beam  (11)  fixed 
on  the  top  of  the  frame  :  12,  the  base  of  the  machine.  The 
unsuspended  ram  difi'ered  from  this,  only  in  the  manner  of 
working  it;  for  instead  of  being  slung  by  a  chain  or  cable,  it 
moved  on  small  wheels,  on  another  large  beam. 

Plutarch  informs  us,  that  Marc  Antony,  in  the  Parthian  war, 
used  a  ram  of  80  feet  long ;  and  Vitruvius  says  that  they  were 
sometimes  106,  and  even  120  feet  long,  and  weighed  100,000 
pounds  ;  at  least  this  is  said  to  have  been  the  weight  of  that 
employed  by  the  emperor  Vespasian.  These  battering  rams, 
by  their  own  weight,  and  by  the  action  of  the  men  who  impelled 
them,  excited  a  force  which  in  some  cases  exceeded  the  utmost 
effect  of  our  battering  cannon.  Desaguliers  (Lectures,  vol.  i. 
p.  65)  has  demonstrated,  that  the  momentum  of  a  battering 
ram,  28  inches  in  diameter,  180  feet  long,  with  a  head  of  cast 
iron  of  one  ton  and  a  half,  the  whole  ram  weighing,  with  its  iron 
hoops,  41,112  pounds,  and  moved  by  the  united  strength  of 
1000  men,  would  only  be  equal  to  that  of  a  ball  of  36  pounds 
weight  shot  point  blank  from  a  cannon.  And  Atwood,  com- 
paring the  effect  of  the  battering  ram,  having  its  metal 
extremity  equal  to  a  twenty-four  pounder,  with  a  cannon  ball 
of  24  pounds  weight,  observes,  that  in  order  to  their  producing 
the  same  efiect  in  penetrating  a  wall  or  making  a  breach  in  it, 
the  weight  of  the  ram  must  exceed  that  of  the  cannon  ball  in 
the  proportion  of  the  square  of  1700,  the  velocity  of  the  ball, 
to  the  square  of  the  velocity  with  which  the  battering  ram  could 
be  made  to  impinge  against  the  wall,  expressed  in  feet.  Esti- 
mating this  at  ten  feet  in  a  second,  the  proportion  of  the 
weights  will  be  that  of  about  2,890,000  to  100,  or  28,900  to  1  ; 
and  therefore  the  weight  of  the  battering  ram  must  be  346  ton. 
In  this  case  the  ram  and  the  cannon  ball,  moving  with 
the  velocities  of  10  and  1700  feet  in  a  second,  would  have  the 
same  effect  in  penetrating  any  obstacle;  but  as  the  weight  of 
the  ram  was  probably  never  so  great  as  the  above  supposition 
states  it  to  have  been,  the  force  of  a  cannon  ball  to  make  a 
breach  in  walls  must  exceed  that  of  the  ancient  aries  ;  but  the 
momentum  of  this,  or  the  impetus  by  which  it  communicated 
a  shock  to  the  whole  building,  was  far  greater  than  the  utmost 
force  of  cannon  balls  ;  for  if  the  weight  of  the  battering  ram 
were  no  more  than  170  times  greater  than  that  of  a  cannon 
ball,  each  moving  with  its  respective  velocity,  the  momenta  or 
forces  of  both  would  be  equal  ;  but  as  the  weight  of  this  ancient 
machine  was  certainly  much  greater  than  170  times  that  of  our 
heaviest  cannon  balls,  their  momentum  or  impetus  to  shake  or 
overturn  walls  and  demolish  buildings,  was  much  superior  to 
that  which  is  exerted  by  the  modern  artillery.  And  since  the 
strength  of  fortifications  will,  in  general,  be  proportioned  to 
the  means  which  are  used  for  their  demolition,  the  military 
walls  of  the  moderns  have  been  constructed  with  less  attention 
to  their  solidity  and  massy  weight,  than  the  ancients  thought 
to  be  a  necessary  defence  against  the  aries  ;  that  sort  of  cohe- 
sive firmness  of  texture  which  resists  the  penetration  of  bodies, 
being  now  more  necessary  than  in  ancient  times.  The  ram 
was  frequently  used  in  the  fourteenth  century.  Sir  Christopher 
Wren  employed  it  in  demolishing  the  walls  of  the  old  church  of 
St.  Paul,  previously  to  his  building  the  present  structure  ;  and 
found  no  machine  so  well  adapted  to  this  purpose. 

BATTERY,  in  the  Military  Art,  a  parapet,  thrown  up  to 
cover  or  protect  from  the  enemies'  shot,  the  gunners,  and  men 
employed  about  the  guns.  In  this  bank  or  parapet  are  cut 
holes  or  embrazures,  through  which  the  cannon  are  projected 
to  be  fired. 
12. 


Battery,  in  Law,  is  beating  another  person  unlawfully,  for 
which  the  remedy  is,  as  for  assault,  by  action  of  trespass 
vi  et  arinis,  as  the  lawyers  term  it;  wherein  the  jury  will  give 
adequate  damages. 

Battery,  in  Electricity,  is  a  combination  of  coated  sur- 
faces of  glass,  commonly  jars,  so  connected  together  that  they 
may  be  charged  at  once,  and  discharged  by  a  common  con- 
ductor. Dr.  Franklin  constructed  a  battery  consisting  of 
eleven  panes  of  large  sash  glass,  coated  on  each  side,  and  con- 
nected in  such  a  manner,  that  the  whole  might  be  charged 
together,  and  with  the  same  labour  as  one  single  pane  ;  and 
by  bringing  all  the  giving  sides  into  contact  with  one  wire, 
and  all  the  receiving  sides  with  another,  he  contrived  to  unite 
the  force  of  all  the  plates,  and  to  discharge  them  at  once.  Dr. 
Priestley  describes  a  still  more  complete  battery  :  this  consists 
of  64  jars,  each  10  inches  long,  and  2J  inches  in  diameter,  all 
coated  within  an  inch  and  a  half  of  the  top,  forming  in  the 
whole  about  32  square  feet  of  coaled  surface.  A  piece  of  very 
fine  wire  is  twisted  about  the  lower  end  of  the  wire  of  each  jar, 
to  touch  the  inside  coating  in  several  places;  and  it  is  put 
through  a  pretty  large  piece  of  cork,  within  the  jar,  to  prevent 
any  part  of  it  from  touching  the  side,  by  which  a  spontaneous 
discharge  might  be  made.  Each  wire  is  turned  round  so  as  to 
make  a  loop  at  the  upper  end  ;  and  through  these  loops  passes 
a  pretty  thick  brass  rod  with  knobs,  each  rod  serving  for  one 
row  of  the  jars  ;  and  these  rods  are  made  to  communicate 
together  by  a  thick  chain  laid  over  them,  or  as  many  of  them 
as  may  be  wanted.  The  jars  stand  in  a  box,  the  bottom  of 
which  is  covered  with  a  tin  plate  ;  and  a  bent  wire  touching 
the  plate  passes  through  the  box,  and  appears  on  the  outside. 
To  this  wire  is  fastened  any  conductor  designed  to  communi- 
cate with  the  outside  of  the  battery  ;  and  the  discharge  is 
made  by  bringing  the  brass  knob  to  any  of  the  knobs  of  the 
battery.  When  a  very  great  force  is  required,  the  size  or 
number  of  the  jars  may  be  increased,  or  two  or  more  batteries 
may  be  used.  The  large  and  powerful  battery  of  Dr.  Van 
Marum,  constructed  for  Tayler's  museum  at  Haarlem,  consists 
of  a  great  number  of  jars  coated  as  above,  to  the  amount  of 
about  130  square  feet  ;  and  the  effects  of  it  are  truly  astonish- 
ing.    The  annexed  figure  represents  a  battery  consisting  of 

sixteenjars, coat- 
ed with  tinfoil, 
and  disposed  in  a 
proper  box.  The 
wires,  v\  hich  pro- 
ceed from  the  in- 
side of  every  four 
of  those  jars,  are 
screwed,  or  fast- 
ened, to  a  com- 
mon horizontal 
wire  E,  which  is 
knobbed  at  each 
extremity,  and  by  means  of  the  wires  F,  F,  F,  the  inside  coat- 
ing of  4,  8,  or  12,  or  of  all  the  sixteenjars,  may  be  connected. 
The  inside  of  the  box  which  contains  these  jars  is  lined  with 
tinfoil.  On  one  side  of  this  box  there  is  a  hole,  through  whicli 
a  strong  wire  or  hook  passes,  whi('h  communicates  with  the 
lining  of  the  box,  and  of  course  with  the  outside  coatings  of 
the  jar.  To  this  hook  a  wire  is  occasionally  fastened,  which 
connects  it  with  one  branch  of  the  discharging  rod,  BBC  A. 
By  means  of  the  battery,  electricity  is  capable  of  producing 
the  most  powerful  effects. 

Experiments. — A  very  slender  wire,  as  .r,  being  made  part 
of  the  circuit,  will,  by  the  discharge  of  the  battery,  instantly 
become  red-hot.  It  sometimes  melts  into  small  globules  of 
different  sizes.  If  between  two  slips  of  window-glass  some 
gold-leaf  be  placed,  and  the  slips  of  glass  be  pressed  firmly 
together,  and  the  shock  from  a  battery  be  sent  through  them, 
the  gold-leaf  will  be  forced  into  the  pores  of  the  glass.  If  the 
gold-leaf  be  put  between  cards,  and  a  strong  charge  be  passed 
through  them,  it  will  be  completely  fused.  Gunpowder  may 
also  be  fired  by  the  eleetiical  battery. 

BATTLE,  a  general  cnsragcment  between  two  armies,  in  a 
country  sufficiently  open  for  them  to  encounter,  and  at  the 
same  lime,  in  front.     See  War. 
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BAYER,  John,  a  German  astronomer  of  the  17tli  century, 
who  published,  in  1G03,  an  excellent  work  entitled  "  Urano- 
metria,"  bein^  a  celestial  atlas,  or  charts  of  all  the  constella- 
tions ;  he  first  distino;uished  the  stars  by  the  letters  of  the  Greek 
alphabet,  and  according  to  the  order  of  the  niajinitude  of  the 
stars  in  each  constellation.  This  work  was  republished  by  the 
author  in  1627,  under  a  new  title,  viz.  "Coeluni  stellatum 
Cliristianum:"  here  he  rejected  the  old  lisiurcs  of  the  constel- 
lations, and  inserted  others  taken  from  the  scriptures  :  but 
this  innovation  was  not  relished ;  and  accordingly  we  find, 
that  in  the  later  editions  of  1654  and  1C6I,  the  ancient  figures 
and  names  were  restored  again. 

BEAMS,  in  Naval  Architecture,  strong  thick  pieces  of  tim- 
ber, stretching  across  the  ship  from  side  to  side,  to  support 
the  decks,  and  retain  the  sides  at  their  proper  distance,  with 
which  they  are  firmly  connected  by  means  of  strong  knees. 
They  are  sustained  at  each  end  by  thick  planks  in  the  ship's 
side  called  clamps,  upon  which  they  rest. 

7l/irf*/ii>  Beam,  tiie  longest  beam  in  a  ship,  being  lodged  in 
the  midship  frame,  or  between  the  widest  frame  of  timbers. 
At  about  two-thirds  of  the  height  from  the  keel  to  the  lower 
deck,  are  laid  a  range  of  beams  to  fortify  the  hold  and  support 
a  platform  called  the  orlop,  which  contains  the  cables  and 
stores  of  the  ship.  There  are  usually  twenty-four  beams  on 
the  lower  deck  of  a  ship  of  seventy-four  guns,  and  to  the  other 
decks,  additional  ones  in  proportion  as  the  ship  lengthens 
above.  It  is  necessary  that  the  beams  should  have  a  greater 
height  in  the  middle  than  at  the  two  ends,  to  carry  tlie  water 
more  readilv  off  from  the  decks,  and  to  diminish  the  recoil  of 
the  guns,  wiiich  will  thereby  more  easily  return  to  their  places. 

Orlop  Beams,  support  the  orlop  deck,  but  are  chiefly  intended 
to  fortify  the  hold. 

Oil  the  Beam,  implies  any  distance  from  a  ship  on  a  line  with 
the  beams,  or  at  right  angles  with  the  keel. 

Before  the  Beam,  is  an  arch  of  the  horizon,  comprehended 
between  a  line  that  crosses  her  length  at  right  angles,  and  some 
object  at  a  distance  before  it  ;  or  between  the  line  of  the  beam 
and  that  point  of  the  compass  which  she  stems. 

0)i  the  Weather  Beam,  on  the  weather  side  of  the  ship. 

Beam  ends,  a  ship  is  said  to  be  on  her  beam  ends,  when  she 
inclines  very  much  on  one  side,  so  that  her  beams  approach  to 
a  vertical  position  ;  hence  also  a  person  lying  down  is  said  to 
be  on  his  beam  ends. 

Beam  of  a  Balanee,  the  horizontal  piece  of  iron  from  the 
ends  of  which  the  scales  are  suspended. 

Beam  Compass.     See  Compass. 

BEAR,  Great  and  Little,  in  Astronomy,  the  same  as  Ursa 
Major  and  L'rsa  Minor,  which  see. 

BEARD  of  a  Comet,  the  rays  which  it  emits  in  the  direction 
in  which  it  moves,  as  distinguished  from  the  tail,  or  the  rays 
emitted  or  left  behind  it  as  it  moves  along,  being  always  in  a 
direction  from  the  sun.     See  Comet. 

BEARING,  in  Geography  and  Navigation,  the  position  of 
one  place  with  regard  to  another,  as  estimated  by  the  points 
of  the  compass.  Thus  a  place  is  said  to  bear  north-east,  or 
north-northeast,  &e.  meaning,  that  it  lies  from  your  present 
situatiiin  in  those  directions. 

BEER-Drawi\o  Machines  are  contrivances  by  means  of 
which  the  hcer  is  drawn  from  several  casks  at  once,  from  cocks 
standing  in  a  frame,  in  the  bar  of  a  tavern,  or  any  convenient 
place  above  a  cellar.  These  machines  are  merely  an  assem- 
blage of  small  pumps,  either  sucking  or  forcing,  whose  pipes 
of  communication  are  attached  to  the  lower  parts  of  the  respec- 
tive casks  from  which  the  liquor  is  drawn.  The  motion  is 
given  to  the  piston  sometimes  by  levers,  at  others  by  cranks; 
but  most  frequently  by  means  of  a  hamiuer-formed  lever  mov- 
ing in  a  vertical  plane. 

BEES.  There  is  no  kind  of  stock  in  which  a  purchaser  is  so 
easily  deceived  as  that  of  a  hive  of  bees.  The  following  arc 
the  best  criterions  by  which  to  judge  of  its  value.  If  a  hive  be 
purcliased  in  the  spring,  it  should  never  weigh  less  than  fifteen 
pounds  ;  if  in  the  autumn,  never  less  than  thirty  ;  and  if  it  be  a 
stock  hive,  its  weight  should  be  forty  pounds,  for  all  old  hives 
contain  a  certain  portion  of  llic  hce  bread.  Great  care  should 
be  taken  in  weighing  a  hive,  lest  the  coud)  should  be  sliakcn, 
and  so  loosened.     The  middle  of  the  day  is  the  best  time  to 


choose   a  hive,  and   the   following  points   should   be  strictly 
attended  to: 

1.  The  more  numerous  the  bees  which  enter  the  hive  with 
yellow  balls  or  pellicles,  the  better  the  hive  is. 

2.  The  drones  shoidd  likewise  be  numerous. 

3.  The  activity  of  the  bees  ;  for  if  they  saunter  about,  and 
then  re-enter  the  hive  without  taking  wing,  it  is  a  bad  s\mptoni. 

4.  The  courage  they  display  in  repelling  the  strange  bees. 

5.  The  number  of  bees  who  remain  at  the  entrance  of  the 
hive  fanning  with  their  wings — the  greater  the  internal  popula- 
lation  :  this  circumstance  is  a  strong  proof  of  the  excellence  of 
a  hive. 

6.  A  swarm  should  always  be  put  into  a  new  hive. 

7.  The  examination  of  a  stock-hive  m;iy  be  pursued  with 
safety,  however  courageous  the  bees  may  appear,  by  smoking 
a  little  tobacco  near  the  hive.  But  as  it  may  happen  that  the 
unskilful  apiarian  may  be  stung,  the  sting  should  be  imme- 
diately extracted,  and  a  little  goulard  water,  or  laudanum,  or 
sweet  oil,  instantly  applied  to  it.  The  mid  day  is  a  better  time 
for  the  examination  of  a  hive  than  the  evening;  and  the  editor 
of  this  work  performed  this  very  operation  on  the  day  he 
penned  these  observations. 

Internal  Appearances  of  a  good  Mice. — 1.  The  hive  should  be 
crowded  with  bees. 

2.  The  combs  should  be  yellow  ;  if  of  a  blackish  tint,  reject  it. 

3.  The  side  combs  should  be  filled  with  honey  ;  this  may  be 
known  by  their  being  sealed  up. 

4.  A  number  of  queen-bee  cells  (which  resemble  inverted 
cupping  cups)  is  a  sign  that  it  is  a  very  old  hive;  it  should 
therefore  be  rejected. 

5.  If  an  unpleasant  odour  issue  from  tlie  hive,  it  is  unhealthy. 
The  smell  of  a  healthy  hive  resembles  that  of  heated  wax,  par- 
taking at  the  same  time  of  the  fragrance  of  honey.  Two  or 
three  bees  should,  however,  be  sacrificed,  to  ascertain  the  state 
of  the  bees  :  if  the  substance  in  the  stomach  be  of  a  yellowisli 
colour,  and  smelling  somewhat  like  honey,  the  bees  are  in  good 
health;  if,  on  the  contrary,  it  be  blackish,  with  a  fetid  smell, 
the  dysentery  reigns  among  them. 

6.  If  dark  liquid  spots  are  seen  on  the  board  of  the  hive,  it 
is  a  bad  sign  ;  the  dysentery  is  making  ravages  within;  and  if 
a  great  number  of  small  particles  of  wax  are  also  observed,  the 
hive  is  infested  with  moths. 

7.  If  the  wings  of  the  bees  are  ragged  and  torn,  the  hive  is 
old — have  nothing  to  do  with  it.  The  hive  should  be  carefully 
removed  in  the  evening;  the  hole  of  entrance  should  be  stop- 
ped up  with  clay,  as  well  as  every  other  crevice  through  which 
a  bee  could  make  its  escape.  Let  them  settle  half  an  hour 
before  the  clay  is  removed.  The  hives  should  stand  on  sepa- 
rate pedestals  a  yard  apart. 

Among  the  various  plans  proposed  for  the  cultivation  of 
bees,  we  shall  notice  in  this  place  Milton's  newly  invented 
double-topped  Straw  Hive. 

Proceed  to  hive  a  swarm  in  the  lower  part  of  the  hive  in  the 
usual  way,  as  in  the  figure.  The  board 
at  the  top  must  be  kept  close,  b\  secur- 
ing the  openings  by  means  of  a  thumb- 
screw, so  that  when  first  hived,  the 
holes  of  both  boards  shall  not  corre- 
spond, and  by  thus  turning  the  upper 
board,  it  will  prevent  the  bees  from 
passing  through  while  hiving.  At 
night,  bring  the  hive  into  the  bee-house, 
or  where  you  intend  it  should  stand  ;  in 
about  two  days  after,  place  on  the 
glasses,  as  in  the  figure,  (p.  91),)  over  their  respective  openings, 
and  stop  them  round  with  mortar  ;  after  which,  turn  the  board  B 
to  admit  the  bees  to  ascend  for  the  purpose  of  working,  cover 
the  glasses  with  thesmall  upper  hive, O,  and  do  not  look  at  them 
for  a  few  days.  Indeed,  nothing  will  then  be  necessary,  but  to 
ascertain  when  they  are  filled,  w liieh  is  known  by  the  cell  being 
sealed  over,  which  you  may  expect  in  about  twenty  days  after  a 
swarm  has  been  hived. 

When  you  w  ish  to  take  the  honey,  and  to  remove  all  the 
glasses,  turn  the  board  to  exclude  the  bees;  then  with  a  thin 
knife  loosen  them  from  the  adapter;  leave  them  thus  for  about 
an  hour  :   (hen  carry  the   glasses,   inverted,  a  short  distance 
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from  the  hive  into  the  shade  ;  or  raise 
the  g;lasscs  with  a  small  wedge,  and 
those  lew  bees  which  remain  will  rca- 
tlil)  leave,  and  return  to  their  original 
liive.  Tlsis,  if  eliected  early  in  the 
season,  will  afl'ord  you  the  opportu- 
nity of  immediately  replacing  the 
same,  or  another  set  of  glasses,  to  be 
again  iilled. 

If  jou  wish  at  any  time  to  take  only 
one  or  two  of  the  glasses,  with  honey, 
do  not  turn  the  board,  but  loosen  such 
glasses  as  you  are  desirous  to  remove, 
with  a  thin  knife,  set  them  on  a 
divider,  and  replace  others  in  their 
stead.  The  middle  of  a  line  day  is  the 
best  time  to  remove  glasses.  It  will 
not  be  advisable  to  take  any  honey  from 
the  hive  after  the  end  of  July,  as 
the  remainingpart  of  the  season  might 
not  prove  favoural)le  to  the  gathering 
enough  for  winter  support ;  therefore  it 
will  be  necessary,  about  this  time,  or  early  in  Aagnst, to  remove 
all  the  glasses  and  turn  the  board,  to  finally  shut  them  up.  It 
may  be  well  to  mention,  that  those  glasses,  only  partly  filled  with 
combs,  should  be  carefully  set  aside,  to  be  placed  on  again  the 
following  April ;  if,  however,  you  find  the  stock  will  require 
feeding,  you  have  only  to  leave  one  or  more  of  the  glasses  with 
honey  for  that  purpose,  which  is  by  far  the  best  mode. 

Thus  much  for  the  swarm,  which  we  now  leave  till  the  follow- 
ing April — the  time  to  again  commence  working  the  glasses,  as 
hives  are  now  full  of  combs  and  brood  :  should  the  season  prove 
favourable,  you  will  work  the  glasses  twice  or  more,  and  you 
may  calculate  upon  equal  success  every  subsequent  year;  but 
the  first  season  you  cannot  expect  a  swarm  to  fill  the  glasses 
more  than  once,  which  will  produce  you  8  lbs  of  the  finest 
honey. — This  method  of  management  will  not  prevent  the  bees 
from  swarming. 

The  honey  thus  obtained  will  be  of  the  finest  quality,  pure, 
free  from  the  young  brood,  of  remarkably  fine  fragrance,  clear, 
and  very  superior  to  any  produced  from  common  hives  ;  it 
may  also  be  taken  at  pleasure,  without  injury  to  the  bees  ; 
especially,  «ithout  being  obliged  to  resort  at  any  time  to  tlie 
painful  process  of  smothering  these  industrious  and  valuulde 
insects. 

The  Double  Cuttaf/e  Straw  Hive. — This 
hive,  for  use,  will  answer  many  purposes 
in  the  keeping  of  bees,  as  you  may  work 
either  a  glass  or  a  small  straw  hive  on 
the  top  of  it,  which  gives  it  an  ad- 
vantage over  the  common  hive,  al- 
though the  method  of  management  is 
simple,  and  the  price  easy. 

Prepare  this  hive  for  a  swarm  by 
spreading  mortar  round  the  crown,  to 
carry  the  adapter  to  support  a  glass  or 
small  straw  hive,  as  you  may  work  with 
either.  Hive  the  swarm  as  usual,  tak- 
ing care  to  secure  the  opening  at  the 
top  ;  after  removing  it  to  its  appointed 
place,  let  the  swarm  work  for  ten  days; 
clear  the  opening  at  the  top,  and  alhx 
on  either  a  glass  or  a  small  straw  hive: 
the  bees  will  then  ascend  to  work. 
Stop  the  upper  hive  round  with  mortar 
to  the  adapter,  and   darken  it  with   a 

connnon  hive  ;  in  the  course  of  from  fifteen  to  twenty  days 
examine  it,  and  if  full,  take  the  honey  thus:— pass  a  knife  or 
wire  between  the  adapter  and  small  hive,  to  separate  the 
combs;  then  remove  the  small  hive  of  honey  on  a  divider, 
(a  tin  or  brass  plate,  twelve  inches  square,)  it  will  tlien 
be  immediately  necessary  to  place  a  small  hive  on  the  adapter, 
or  stop  the  opening  till  you  wish  to  work  another  hive.  C;irry 
the  small  hive  now  on  the  divider  a  short  distance  away,  or 
rather  into  a  darkened  room;  invert  it,  and  place  over  it  a 
small  empty  hive  of  the  same  size  ;  keep  tliem  steady,  and,  by 


tapping  round  the  bottom  hive,  the  bees,  in  a  few  niinules,  will 
ascend  to  the  hive  above;  carry,  them  to  within  about  two 
yards  of  their  original  slock,  shake  them  out,  and  they  will 
enter  again  as  usual. 

A  Superior  Box  Hive. — This 
box  hive  consists  of  three  di- 
visions, as  shewn  in  the  figure, 
and  is  so  ingeniously  construct- 
ed, tliatyou  may  take  the  finest 
honey  without  destro\ing  the 
bees  ;  you  may  also  work  a 
glass  hive  on  the  top,  and  in- 
spect the  whole  of  their  curious 
and  interesting  labours  with- 
out disturbing  them. 

When  you  place  a  swarm  in 
this  hive,  shut  the  slider  of 
the  adapter  F,  tie  a  small  cord 
round  to  secure  the  parts, 
hive  the  swarm  in  the  usual 
manner  ;  at  night  bring  it  into 
your  bee-house,  or  appointed 
place,  open  the  entrance  at 
the  bottom,  and  remove  the 
cord;  if  you  work  a  glass  hive 
on  the  top,  place  it  on  the 
same  evening,  stop  it  round, 
draw  back  the  slider  to  clear 
the  grating,    leave    it   a   few 

minutes,    and    the    bees    will 

~  ascend    for    working.      Then 

raise  the  two  upper  divisions, 
to  enable  yon  to  lemove  the  boHom  division,  and  by  the  com- 
pression you  oblige  the  bees  to  work  in  the  glass  hive,  which 
should  be  darkened  with  its  proper  cover  G,  and  left  for  a  few 
days  without  being  looked  at:  it  will  be  necessary  to  replace 
the  unemployed  division  at  the  bottom  fuur  or  five  days  pre- 
vious to  the  removal  of  the  glass  of  honey  ;  in  removing  which, 
shut  the  slider,  and  leave  it  in  this  state  for  an  hour;  then 
follow  those  plain  directions  already  laid  down  for  the  removal 
of  glass  and  double-topped  straw  hives. 

If  you  wish  to  take  more  honey  from  lliis  hive  than  the  glass 
affords,  examine  the  divisions  early  in  Seplei  iber  :  if  the  three 
are  full,  viz.  the  two  upper  hives  of  honey,  aid  the  bottom  of 
combs,  and  not  otherwise,  proceed  to  remove  the  fillets  of  the 
top  division,  and  pass  the  brass  divider  between  those  parts, 
where  it  should  remain  for  an  hour;  then  r:,ise  the  division 
with  a  wedge,  and  draw  back  the  slider  of  the  adapter  to  let 
the  bees  out,  and  when  clear,  which  will  be  li  a  few  minutes, 
remove  this  division,  and  place  the  adapter  to  the  next  divil 
sion,  and  by  withdrawing   the  divider  it  will  fit  close  down; 

when  you  have  taken  out  the 
combs  of  honey  from  this  divi- 
sion, it  should  be  replaced  at 
the  bottom;  consequently  .every 
\  year,  or  once  in  two  years,  you 

-A  gi<e  them  as  it  were   a  fresh 

I  division,   as   in    the    annexed 

figure,  or  part  of  a  hive  to  re- 
build in,  which  keeps  the  bees 
_  1  constantly    at   work,   and   the 

combs  in  a  good  stale  of  pre- 
servation. 
The  Hexar/on  Box  Hive  and  Straw  Hive,  with  slider  and  grat- 
ing, for  working  a  large  glass  hive  on  the  top,  consists  of  a 
box.  as  represented  in  the  annexed  figure,  having  large  srlass 
windows,  and  supporting  a  glass  hive  on  the  top.  W'heu 
well  supplied  with  bees,  this  hive  affords  the  pleasing 
opportunity  of  viewing  tho  progress  of  their  labours,  and 
exhibits  a  very  interesting  and  beautiful  appearance. 

To  hive  a  swarm,  shut  the  slider  over  the  grating,  and  then 
proceed  as  before  directed  When  a  glass  hive  is  to  be 
worked,  follow  the  instructions  already  !ii\rii  with  the  supe- 
rior box  hive.  The  hexagon  hive  is  well  calculated  to  work 
bees  from  other  hives,  particularly  the  common  hi\c,  especially 
when  they  are  in  a  slate  of  decay;  it  is  eliected  merely  by  with- 


u" 


100 


BEE 


DICTIONARY    OF    MECHANICAL    SCIENCE. 


BEE 


drawing:  llie  slider  clear  of  the  frvalina;,  and  placing  tho  com- 
mon hive  over  il  in  the  evening,  taking  care  to  stop  theentraace 
of  tho  former  with  clay.  The 
bees  will  of  course  then  en- 
ter at  the  bottom,  and  when 
they  have  worked  the  hottom 
hive  nearly  full,  which  you 
ascertain  by  means  of  the 
windows,  carefully  lift  them 
up,  and  place  under  them 
another  hexagon  hive  ;  con- 
sequently, this  colony  con- 
sists of  three  hives,  and  it 
■will  not  be  safe  to  remove 
the  upper  hive,  unless  the 
bees  have  worked  combs 
into  the  bottom  hive,  w  hich,  if  effected  at  the  end  of  the  season, 
you  may  safely  take  the  common  hive,  with  its  contents. 

The  Hat-topped  straw  hive,  described  by  Mr.  Wildman,  is 
directed  to  be  used  in  a  similar  manner,  answeiin<;  the  purpose 
only  to  a  certain  extent,  as  it  does  not  admit  of  windows,  to 
enable  you  to  know  vvhen  the  bees  have  finally  worked  down. 

The  Common  Hire,  as  here  represented,  is  in  such  general 
use  in  this  country,  that  it  requires  but 
little  observation,  except  on  some 
essential  points,  which,  to  benefit  the 
cultivator,  ought  to  be  attended  to. 
First,  care  should  be  taken  to  have  the 
hive  made  of  clean  and  good  straw, 
and  manufactured  of  a  suitable  thick- 
ness. Secondly,  a  hive  should  be 
chosen  in  proportion  to  the  size  of  the 
swarm  :  and  when  you  have  succeeded 
in  obtaining  a  good  hive,  and  placed  a  swarm  in  it,  which 
should  fill  it  to  within  a  rim  or  two  of  the  bottom,  shelter  it 
from  cold  winds  and  rain  ;  for  if  once  the  wet  penetrates  a 
hive,  it  affects  the  combs,  and  the  bees,  getting  a  distaste  for 
tlieir  home,  will  work  very  slowly,  and  often  desert  it  altoge- 
ther. It  is  not  material  in  what  aspect  the  stock  stands,  pro- 
vided the  sun  shines  on  the  hive  once  in  the  course  of  the  day. 
Well-peopled  hives   kept  dry,  will  thrive  in  any  situation. 

One  ot  those  fatal  incidents  to  which  this  hive  is  subject, 
occurs  through  covering  it  with  a  hackle  or  turf,  by  which  you 
entice  the  mouse  to  make  a  nest  on  the  top,  and  ultimately  eat 
its  way  throui'h  the  crown  of  the  hive,  and  destroy  both  combs 
and  bees.  About  August,  the  robbing  commences  by  stranger 
bees  and  wasps,  which  is  but  little  regarded  :  an  important 
benefit  will  be  derived  by  destroying  the  queen  wasp,  seen 
about  April,  which  is  the  mother  of  thousands  ;  much,  there- 
fore, is  saved  in  the  preservation  of  those  hives  which  stand 
the  winter. 

In  September,  your  attention  should  be  directed  to  weigh 
your  stocks  ;  none  of  those  of  less  than  from  fifteen  to  twenty 
pounds  in  wei'^ht  can  safely  be  relied  on  to  stand  the  winter, 
without  feeding;  and  stop  all  hives  down  to  the  board  with 
raortar. 

Paslvrage,  or  Bee-Flowers. — Bees  are  fond  of  those  places 
where  their  favourite  flowers  are  to  he  found  ;  therefore  bee- 
keepers should  encourage  the  growth  of  such  shrubs  and 
flowers  as  are  known  to  supply  honey  and  wax  in  the  greatest 
abundance;  in  most  situations  bees  do  not  Hy  far  for  food, 
generally  not  more  than  half  a  mile;  they  may  be  observed  to 
return  with  great  pri'cipitation  to  the  hive  when  rain  or  a  storm 
approaches.  The  following  are  the  most  favourable  lor  pas- 
turage, and  those  which  blossom  early  arc  the  most  desirable  ; 

S/irulis,  Vc. — All  fruit  trees,  lime  treis,  furze,  broom,  heath, 
sallow  or  gray  willow,  rosemary,  barberry  tree,  gooseberry, 
raspberry. 

J'/oire(\$.— Hyssop,  mustard  ;  turnips,  cabbage,  and  white  clo- 
ver, left  for  seed  ;  beans  in  bloom,  mignonette,  lemon  thyme, 
garden  and  wild  thyme,  borage,  winter  savory. 

Mignonette,  borage,  and  lemon  thyme,  are  the  principal,  as 
they  continue  long  in  bloom,  and  allord  the  finest  honey. 
Rosemary  is  also  a  great  favourite,  but  seldom  supplies  much 
lioney,  unless  the  weather  proves  very  hot  and  dry  when  it  is 
in  blossom,  yet  it  is  worth  cultivating,  especially  in  a  southern 


aspect,  being  one  of  the  principal  aromatic  plants  from  which 
the  bees  in  the  neighbourhood  of  Narboune  collect  their  honey 
and  it  is  esteemed  the  finest  in  Europe,  rields  of  beans, 
white  cloier,  and  buck-v\heat,  are  of  great  benefit.  Hivers  or 
streams  of  water  are  also  very  beneficial,  as  bees  make  use  oi 
a  great  deal  of  water. 

Suarmhtff,  or  the  stock-hive  casting  part  of  its  inhabitants 
for  a  fresh  colony,  depends  on  the  increase  of  bees,  and  a 
queen  being  ready  to  lead  them.  Their  breeding  begins  soonei 
or  later,  according  to  the  forwardness  of  the  spring,  the  fruit- 
fulness  of  the  queen,  and  the  strength  of  the  hive.  When  bees 
carry  in  farina  or  pellets  on  their  thighs,  it  denotes  they  have 
commenced  bleeding,  which  may  be  as  early  as  February,  and 
not  finish  till  October;  and  when  their  numbers  are  much 
increased,  they  shew  the  indications  of  swarming,  by  their  clus- 
tering in  great  quantities  below  the  resting  board.  They  never 
rise  but  on  a  fine  day,  and  sometimes  will  settle,  and  for  some 
cause  return  to  the  stock,  probably  for  want  of  a  <iueen  being 
with  them.  Some  hives  will  east  three  times,  but  mostly  only 
twice.  Tlie  second  cast  you  may  expect  within  three  or  four 
days,  and  never  later  than  ten  days  after  the  first.  Should  a 
stock  ovcrswarm  itself,  it  will  perish,  unless  strengthened  ;  this 
may  be  ascertained  by  observing  the  ipiantity  of  bees  after- 
wards seen  to  enter.  It  is  necessary  in  the  swarming  season 
from  April  to  July,  particularly  in  May  and  June,  to  observe 
the  hives  on  a  fine  day ;  in  general,  the  bees  issue  forth  in  new 
colonies,  about  noon — from  nine  to  about  three  in  the  after- 
noon. 

Hieing. — Bee-keepers  should  have  spare  hives  prepared  to 
hive  the  bees  as  soon  as  they  have  settled  ;  for,  should  the 
sun  shine  hot  on  the  swarm,  it  may  take  another  flight,  and  yon 
may  possibly  lose  it.  The  manner  of  hiving  them  must  be 
regulated  by  the  nature  of  the  place  on  which  they  settle.  The 
custom  of  preparing  hives  varies ;  a  clean  new  hive  only 
requires  the  loose  straw  to  be  rubbed  off  with  a  cloth  ;  if  any 
dressing  be  used,  fennel  dipped  in  boiled  ale  and  sugar  will 
best  answer  the  purpose.  Have  ready  a  cloth  whereon  to 
place  the  hive,  and  a  wedge  to  raise  it:  if  the  swarm  should 
settle  on  a  branch,  shake  the  best  part  of  it  into  the  hive,  place 
it  on  the  cloth  on  the  ground,  and  continue  to  disturb  the  swarrn 
where  it  settled,  and  the  hive  l)eing  left  underneath,  they  will 
all  go  in  ;  or  cut  the  branch  olf,  and  gently  place  it  in  the  hive. 
Should  the  bees  settle  on  the  ground,  place  the  hive  over  them; 
and  though  bees  are  not  apt  testing  at  this  time,  the  hiving  should 
be  performed  quietly.  Avoid  talking  and  breathing  on  them, 
and  if  you  crush  any  of  them  they  will  resent  it  ;  therefore,  to 
prevent  accident,  invariably  put  on  gloves  and  a  veil,  which 
will  give  you  confidence.  All  swarms  are  to  be  sheltered,  and 
left  near  to  where  they  settle  till  the  evening;  thence  to  be 
removed  very  gently  to  the  appointed  place. 

Uniting  Swarms,  and  reinforcing  Stocks. — It  is  essential,  when 
you  have  weak  swarms  of  boes,  that  you  should  strengthen 
them.  The  idea  so  prevalent,  of  the  greatest  number  of  hives 
producing  the  most  honey  and  wax,  is  erroneous  ;  for  great 
part  of  the  bees  are  necessarily  employed  in  rearing  the  young, 
and  therefore  the  number  of  those  who  are  occupied  in  col- 
lecting honey  is  not  so  great  as  has  been  imagined  ;  for  every 
swarm,  the  least  as  well  as  the  greatest,  is  provided  with  a 
queen,  equal  in  fecundity  to  the  queen  of  the  larger  stock,  and 
as  the  brood  she  brings  continually  demands  the  labour  and 
attendance  of  nearly  half  the  bees,  this  circumstance  renders 
the  other  moiety,  from  the  smallness  of  their  number,  unable 
to  accumulate  a  large  quantity  of  honey  in  the  short  time  it 
mostly  abounds,  and  therefore  honey  cannot  be  obtained,  in 
glass  hives  or  otlierwise,  but  from  a  strongly-peopled  hive. 

The  Method  of  I'nitins: — Hive  the  swarms  or  easts  in  the 
usual  way,  and  in  the  evening  spread  a  cloth  on  the  ground, 
near  the  hive  to  be  reinforced  ;  bring  the  new  swarm,  and 
strike  it  down  flat  on  the  ground.  The  bees  will  then  fall  in  a 
cluster  ;  (juiekly  plan-  over  them  the  stock  to  be  reinforced  ;  in 
ten  minutes  they  will  have  united  and  become  as  one  family, 
to  be  removed  the  same  evening  to  its  former  situation. 

Another  Method  of  Uniting: — Each  east  or  swarm  to  be 
hived  separately  ;  in  the  evening,  turn  the  crown  of  the  hive 
into  a  pail,  and  set  the  other  hive  exactly  over  it  ;  in  the  morn- 
ing, the  bees  from  the  bottom  hive  will  have  ascended. 
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The  system  of  uniting,  so  very  important,  is  but  little  prac- 
tised, and  lias  been  overlooked  by  many  cultivators  ;  but  we 
are  ihorouslily  convinced,  from  experience,  that  it  is  absolutely 
necessary  to  have  hives  well  peopled,  and  completely  sheltered 
from  wet,  which  are  the  principal  and  main  objects  to  be 
attended  to  in  the  art  of  bee-keeping  ;  and  the  advantages  of 
uniting  swarms  will  be  found  particularly  beneficial  in  working 
the  glasses  willi  the  newly-invented  double-topped  hives. 

Fcedhuj. — With  the  aid  of  feeding,  it  is  perfectly  easy  to 
bring  any  hive  of  bees  through  the  winter;  but  to  ensure  the 
success  of  a  very  light  stock,  it  is  essential  to  keep  it  also  very 
warm  and  dry.  Feeding  is  absolutely  necessary  when  you 
have  taken  more  honey  than  the  hive  can  atl'ord,  by  the  means  of 
small  hives  or  glasses.  Such  stocks  as  are  intended  to  be 
kept  through  the  winter  should  weigh  twenty  pounds  or  up- 
wards, at  the  end  of  September;  but  casts  and  late  swarms 
seldom  attain  this  weight,  unless  two  or  more  should  have  been 
united.  The  composition  for  feeding  consists  of  moist  sugar 
and  new  beer,  in  the  proportion  of  one  pound  of  sugar  to  a 
pint  of  beer,  simmered  to  the  consistency  of  treacle  :  to  be 
inserted  into  the  hives  by  means  of  small  troughs,  at  night, 
and  removed  the  next  morning  early.  Should  a  hive  be  very 
poor  and  weak,  it  is  better  to  feed  in  larger  quantities  each 
time.. 

Feeding  Machine. — The  annexed  improved  machine  for  feed- 
ing bees,  will  suit  all  descriptions  of  hives  : — Prepare  a  board 
a  little  larger  than  the  bottom 
of  the  hive,  in  the  centre  of 
which  make  an  opening  about 
ten  inches  diameter  ;  then  form 
a  frame  of  half-inch  deal,  to 
consist  of  four  sides,  each  about 
twelve  inches  by  three  inches  ; 
make  the  angles  firm  with  small 
wooden  blocks,  to  which  affix 
the  before-mentioned  board.     A 

door  should  then  be  made  in  the  side  of  the  frame,  sufficiently 
large  to  admit  a  deep  plate  or  a  small  dish,  to  contain  the 
food.  By  the  use  of  this  machine,  the  bees  are  fed  quietly,  and 
protected  from  the  cold  weather,  and  the  intrusion  of  other 
bees.  It  is  scarcely  necessary  to  observe  further,  that  the 
door  of  the  machine  should  face  such  part  of  the  bee-house  as 
best  suits  your  convenience.  The  dish  of  food  to  he  placed 
under  sho-uld  be  covered  with  a  piece  of  thick  paper  the  size 
of  the  plate  or  dish,  pierced  iu  holes,  through  which  the  bees 
will  feed  ;  and  a  quantity  of  short  pieces  of  straw  also  put  into 
the  dish,  will  prevent  the  bees  from  daubing  themselves.  They 
should  be  fed  at  night,  and  the  dish  only  taken  away  early  on 
the  following  morning  ;  to  do  this,  you  should  cover  your  face 
and  hands.  The  autumn,  and  early  part  of  the  spring,  are 
times  proper  to  examine  if  any  hives  require  feeding  ;  but 
always  commence  before  the  stock  is  in  absolute  want  of  food, 
otherwise  the  bees  will  be  so  poor  and  weak  as  to  be  unable 
to  come  down. 

Honey. — Honey  differs  much,  according  to  the  season  of  the 
year  when  gathered  ;  that  obtained  in  the  spring  is  of  much 
the  finest  quality  ;  the  fragrance  and  richness  of  which  depends 
greatly  on  the  pasturage.  To  judge  of  the  best  honey,  it 
should  be  of  a  bright  pale  colour,  thick,  and  a  little  aromatic. 
To  obtain  it  from  the  combs  in  its  pure  state,  it  must  be  left  to 
run  from  them  without  pressing.  The  properties  of  honey  are 
much  esteemed,  and  have  been  noticed  by  an  eminent  French 
physician.  Dr.  Lemery.  in  a  treatise  on  foods,  in  which  he 
says,  "  Honey  heats  and  strengthens  the  stomach,  is  of  a  leni- 
tive nature — produces  nourishment,  helps  respirs-iion,  and  is 
particularly  good  for  those  of  cold  and  phlegmatic  constitu- 
tions." 

The  newly  invented  double-topped  straw  hive,  and  the  other 
hives  described  in  this  article,  and  every  necessary  apparatus 
connected  with  the  apiary,  maybe  obtained  at  the  Repository, 
175,  Strand  ;  but  the  following  instructions  are  from  Huish's 
work  on  bees  ;  and  the  Huish  Hive,  which  differs  entirely  from 
the  above,  may  be  had  at  No.  205,  Piccadilly. 

Huish's  hive  is  of  straw,  and  resembles  a  fiower-pot  inverted, 
as  represented  in  the  annexed  figure,  with  a  convex  covering 
of  straw  also.     When  the  top  a  is  removed,  several  laths  are 


seen,  as  in  h,  to  which  the  bees  attach  their  combs,  and  are 
prevented  from  getting  up  into  the  top  by  means  of  a  net  which 


covers  the  laths,  c  represents  a  lath  and  comb  attached  to  it, 
which  may  be  easily  removed,  according  to  the  following 
instructions  for  September. 

Jamiarif. — The  bees  begin  to  shew  some  small  degree  of 
activity  in  this  month,  when  the  weather  is  fine,  if  they  are 
well.  The  snow  should  be  carefully  brushed  ofl'  the  tops  of  the 
hives,  and  it  will  be  of  service  to  the  bees  to  turn  the  hives 
carefully  up  when  the  day  is  warm,  and  admit  a  portion  of 
pure  air  into  them.  Bad  smells  and  bad  air  are  as  prejudicial 
as  bad  food  to  bees.  If  the  bees  shew  symptoms  of  dysentery, 
salt  and  port  wine  should  be  mixed  with  their  food,  or  diluted 
brandy. 

February. — Bees  should  be  well  fed  with  the  following  syrup. 
A  pint  of  ale,  a  pound  of  sugar,  half  an  ounce  of  salt,  boiled 
well,  and  carefully  skimmed:  when  cold,  this  mixture  will  be  of 
the  consistence  of  honey.  The  stools  should  be  cleaned  this 
month,  and  sprinkled  with  salt.  The  mouth  of  the  hive,  which 
in  September  was  contracted,  in  order  to  exclude  insects  and 
field  mice,  should  now  be  enlarged,  yet  this  should  only  be 
permitted  when  the  weather  is  fine  ;  if  a  fall  of  snow  should 
again  take  place,  it  should  he  closed, — this  should  be  efl'eeted 
so  as  to  prevent  the  egress  of  the  bees,  but  not  so  as  to  prevent 
a  circulation  of  air.  A  piece  of  open  canvass  might  be  strained 
over  a  little  frame,  and  fastened  above  the  hole,  which  might 
be  raised  or  lowered  at  pleasure.  In  the  Huish  hives,  these 
slides  are  of  tin.  Water  should  be  plentifully  supplied  in 
troughs,  if  no  streamlet  is  at  hand,  pebbles  being  placed  in  it  to 
serve  as  resting  places  for  the  bees. 

niarch. — If,  as  it  frequently  happens,  the  bees  of  a  hive 
appear  languid  and  weak,  and  the  most  generous  food  appears 
to  be  thrown  away  upon  them,  the  queen  of  that  hive  is  barren, 
and  the  cells  are  devoid  of  any  fecundated  eggs  of  the  last 
season  ;  they  should  therefore  be  joined  to  the  next  inferior 
stock  in  the  apiary.  To  eflect  this,  the  top  of  the  hive  to  which 
the  bees  are  to  be  joined,  must  be  cut  olf,  and  the  combs  laid 
bare  ;  this  is  a  nice  operation,  for  with  the  greatest  care,  much 
damage  will  incur ;  the  weak  hive  must  then  be  well  plastered 
to  tiie  lower  one,  and  every  crevice  filled  so  as  to  permit  no 
egress  for  the  bees,  except  through  the  entrance  of  the  lower 
hive.  The  bees  should  be  fed  in  tlie  evening,  and  in  the  morn- 
ing the  surplus  should  be  removed.  The  mouth  of  the  hive 
may  now  be  left  at  its  usual  size.  Stock  hives  should  be  pur- 
chased this  mouth.  The  hives  should  be  kept  warm,  or  shel- 
tered. Young  bees  may  now  be  seen  about  the  entranoe  of 
the  hive  ;  the  old  bees  may  also  be  observed  cleaning  thorn 
with  their  proboscis. 

April. — The  business  of  the  hive  increases  daily,  and  the 
sight  of  the  first  drone  should  be  considered  a  holiday,  as  lieis 
the  harbinger  of  a  swarm.  New  hives  should  be  kept  in  store, 
to  be  at  hand  when  wanted.  All  superfluous  and  rousli  straws 
should  be  carefully  cleared  from  the  interior  of  the  hives,  and 
holes,  if  any  there  arc,  should  be  stopped  with  putty  or  mortar. 
Singeing  or  friction  will  remove  the  straws — the  former  is  per- 
haps the  best  method.  The  little  speckled  butterfiies  now 
hover  about,  to  steal  into  the  hives,  that  they  may  there  deposit 
their  eggs.  These  shou'd  be  watched,  and  destroyed. — The 
queen  wasp  often  appears  this  month,  and  .should,  if  pos.ii- 
ble,  be  destroyed.  If  a  hive  is  attacked  either  by  bees  or 
wasps,  the  only  real  way  to  assist  its  inhabitants  is,  by  remov- 
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iog  the  hive  far  away  in  the  evening,  and  pulling  an  empty 
one  in  its  place.  Some  liives  will  swarm  in  April,  but  this  is 
considered  rather  early. 

Mail. — The  bees  now  becoming  very  numerous  in  a  health- 
ful hive,  many  of  them  fan  at  the  entrance,  to  refresh  their  in- 
mates ;  besides  which,  small  drops  of  perspiration  may  be  seen 
on  the  board,  and  an  increasing  blackness  also.  The  cluster- 
ing of  the  bees  round  the  mouth  of  the  hive  for  two  or  three 
days  together,  sometimes  at  the  mouth  of  the  hive,  fore- 
tels  the  swarming  ;  and  if  bees  are  carefully  watched,  two  or 
three  may  be  observed,  and  sometimes  more,  wandering  about, 
and  examining  particular  objects. 

The  most  usual  time  of  swarming  is  between  the  hours  of 
nine  a.m.  and  two  p.m.  Thcv  never  swarm  while  the  day  is 
clouded,  or  in  high  uinds.  Yet  a  sudden  gleam  of  sunshine 
will  ol'lentimcs  tempt  them  to  choose  their  new  habitation,  even 
in  inclement  seasons.  All  the  clatter  made  by  pokers  and 
shovels  is  absolute  nonsense,  and  would  tend  rather  to  scare 
the  bees  than  settle  them  ;  their  llight  should  be  watched,  and 
when  once  they  settle,  the  hive  should,  if  possible,  be  held 
under  them — a  goose  wing  is  of  great  service  in  brushing  them 
ofl';  but  if  they  attach  themselves  to  a  twig  which  can  be  cut  olf, 
this  should  be  done.  The  hive  should  be  well  rubbed  inside 
with  strong  beer,  sugar,  and  salt,  as  before  described  ;  though 
it  is  the  opinion  of  some  apiarians,  that  no  such  preparation 
is  necessary.  A  good  swarm  should  weigh  si.\  pounds  :  its 
weight  is  easily  ascertained  by  weighing  the  empty  hive  first. 
Should  a  hive  appear  destitute  of  drones,  some  must  be  caught 
as  they  are  about  to  enter  other  hives,  and  at  evening  they 
must  be  placed  at  the  entrance  of  the  hive  supposed  to  be 
destitute  of  them. 

June. — Second  swarms  take  their  flight  this  month  ;  but  they 
give  no  signs  of  their  departuie,  and  therefore  should  be  well 
watched.  A  second  swarm  is  not  worth  much,  but  two  such 
swarms  together  make  a  good  one.  The  two  swarms  may  be 
swept  into  the  same  hive,  and  one  of  the  queen  bees  will  be 
killed  by  the  strongest.  liut  if  the  proprietor  has  skill  and 
courage  enough  to  do  it,  he  should  kill  one  of  the  queen  bees 
himself.  Second  swarms  may  be  returned  to  the  parent  hive 
in  the  following  manner  : — Place  the  back  of  a  chair  parallel 
with  the  entrance  of  the  hive,  spreading  over  it  a  table-cloth, 
then  holding  the  hive,  conlaining  the  second  swarm,  over  this, 
give  it  a  gentle  tap  or  two;  the  bees  v\ill  fall  on  it,  and  may  be 
gently  impelled  to  their  old  habitation  by  a  feather  or  stick. 
A  first  swErm  commences  the  construction  of  the  comb  in  the 
middle  of  the  hive  ;  the  second  swarm,  at  the  sides. 

Jultf The    hives    should    he    shaded   this  month  from   the 

intense  heat  of  the  sun,  to  preserve  the  wax,  and  consequently 
the  honey.  Some  persons  extract  some  of  the  comb  at  this 
season  of  the  year.  A  bee  entering  the  hive  with  honey,  is  of 
a  cylindrical  form,  and  of  a  glossy  appearance.  Thebeevvith- 
out  honey,  is  sun-broiled  and  wrinkled.  When  the  latter 
appear  numerous,  and  a  correspondent  proportion  of  bees 
without  the  pellets  of  wax  are  also  seen,  the  hive  to  which  they 
belong  is  in  a  decaying  state.  Those  hives  in  which  the  drones 
are  first  destroyed,  are  of  particular  value. 

Aufjust. — In  those  counties  where  they  sulfocate  the  bees,  the 
operation  is  carried  into  elleet  in  this  month,  upon  the  suppo- 
sition, tliat  the  little  creatures  begin  to  live  upon  their  stock; 
but  this  is  erroneous:  if  the  season  is  mild,  they  find  food  till 
October.  The  common  spider  commits  great  devastation  this 
month,  and  care  should  be  taken  to  destroy  him.  The 
entrance  of  the  hive  should  also  be  closed,  so  as  to  prevent 
more  than  two  bees  entering  at  the  same  time,  in  order  to 
exclude  other  robbing  bees  and  wasps.  The  usual  way,  how- 
ever, is,  to  oiler  a  reward  for  every  wasp  not  destroyed.  The 
humble-bee  may  also  be  considered  an  enemy,  since  it  con- 
sumes four  times  the  quantity  of  the  mellilluous  juice  of  flow- 
ers than  the  hive  bee.  The  hives  should  not  be  molested 
during  this  month,  more  than  can  be  helped,  oi  than  is  neces- 
sary for  their  preservation  against  the  attacks  of  their  enemies. 

September.- — This  is  the  month  in  which  many  apiarians  take 
a  part  of  the  honeyed  store,  and  the  following  is  the  most 
approved  method  for  en'ecling  this  dillicult  task: — In  the  (irst 
place,  no  hive  should  be  incommoded  by  slicks.  Prcsinning 
that  this  is  not  the  case,  the  hive  should  be  earefullv  turned 


up  ;  some  tobacco  being  at  hand  ready  'or  fumigation,  the 
bees  will  then  lose  all  their  courage,  and  retreat  into  the 
corners  of  the  hive;  and  if  they  recover  from  their  stupor,  a 
second  application  of  the  tobacco  will  quiet  them.  The  comb 
should  then  be  carefully  cut  out,  but  sparingly.  The  middle 
eombs  should  not  be  touched.  When  two  weaU  hives  are  to 
be  joined,  Mr.  Huish  recommends  that  both  should  be  stupe- 
fied by  fumigation,  and  one  of  the  queen  Lees  carefully  dis- 
covered and  killed,  the  hive  to  v\'hich  she  belonged  being 
carefully  swept  into  the  other.  It  is  the  opinion  of  some 
apiarians,  that  the  bees  should  be  assisted  in  the  destruction 
of  the  drones.  The  hive  should  be  carefully  examined,  the 
stool  cleaned,  and  strewed  with  salt.  Contract  the  entrance, 
and  plaster  the  hive  to  the  stool,  to  keep  out  all  foreign  enemies. 
October. — Bees  should  be  well  fed  this  month. witii  the  syrup 
mentioned  in  February.  The  tons  of  the  hives  should  be 
examined,  and  protected  from  all  damp  and  inclemency  of  the 
weather.  Cleanliness  is  absolutely  necessary  to  the  prosperity 
of  bees.  The  entrance  should  be  again  contracted,  so  as 
to  admit  only  one  bee. 

November. — The  hives  should  be  carefully  attended  to,  and 
care  should  also  be  taken  that  they  have  plenty  of  food.  This 
may  be  ascertained  by  occasionally  weighing  the  hive  upon  the 
board  on  which  it  stands,  and  marking  the  decrease  of 
weight.  Great  cold  will  affect  the  bees,  and  reduce  them  to  a 
state  of  torpor,  which  will  end  in  death,  unless  relieved  by  a 
removal  to  a  warmer  situation.  Every  scattered  benumbed 
bee  should  be  attended  to,  collected,  and  when  restored  to 
animation  by  gentle  warmth,  should  be  placed  at  the  mouth  of 
the  hive,  when  it  will  gladly  enter.  They  should  be  collected 
in  a  handkerchief;  not  in  any  glazed  substance.  The  field 
mouse  should  be  watched,  vnd  all  other  vermin  and  insects  ; 
and  the  hives,  if  in  an  exposed  situation,  should  be  fastened  by 
a  rope  to  the  stand,  lest  the  wind,  which  frequently  happens, 
should  blow  them  down. 

December. — All  that  the  apiarian  has  to  attend  to  this  month, 
is  to  keep  his  hives  clear  from  snow,  and  confining  the  bees  to 
their  dw  elling  ;  and  the  less  they  are  disturbed  in  cold  weather, 
the  better,  since  they  are  kept  alive  in  winter  by  a  reciprocity 
of  animal  heat,  w  hich  is  of  course  diminished  if  they  are  com- 
pelled to  separate,  or  are  shaken. 

BELL  MiiTAL,  of  which  bells  are  made,  is  composed  of 
three  parts  of  copper  and  one  of  tin.     See  Foundry. 

T/ie  Diving  Bkll. — To  illustrate  the  principle  of  this  ma- 
chine, take  a  glass  tumbler,  plunge  it  into  water  with  the 
mouth  downwards;  you  will  find  that  very  little  water  will  rise 
into  the  tumbler  ;  which  will  be  evident, 
if  you  lay  a  piece  of  cork  upon  the 
surface  of  the  water,  and  put  the  tum- 
bler over  it ;  for  you  will  see,  that 
though  the  cork  should  be  carried  far 
below  the  surface  of  the  water,  yet 
that  its  upper  side  is  not  wetted,  the 
air  which  was  in  the  tumbler  having 
prevented  the  entrance  of  the  water 
but  as  air  is  compressible,  it  could  not 
entirely  exclude  the  water,  which,  by 
its  pressure,  condensed  the  air  a  little. 
The  first  diving-bell  of  any  note  was 
made  by  Dr.  Halley.  It  is  most  com- 
monly made  in  the  form  of  a  truncated 
cone,  the  smallest  end  being  closed, 
and  the  larger  one  open.  It  is  weighted 
with  lead,  and  so  suspended  that  it 
may  sink  full  of  air,  with  its  open  base 
downwards,  and  as  near  as  may  be  parallel  to  the  horizon,  so 
as  to  close  with  the  surface  of  the  water.  Mr.  Snieaton's 
diving-bell  was  a  square  eliest  of  cast  iron,  four  feet  and  a 
half  in  height,  four  feet  and  a  half  in  length,  and  lhr(<'  feet 
wide,  and  aflorded  room  lor  two  men  to  work  in  it.  It  was 
supplied  with  fresh  air  by  a  forcing  pump.  This  was  used  with 
great  success  at  Hamsgate.  Other  contrivances  have  been 
used  for  diving-bells. 

The  first  diving-bell  we  read  of  in  Europe  was  tried  at 
Cadiz,  by  two  Greeks,  in  the  presence  of  Charles  \',  and  10,000 
spectators.     It  resembled  a  large  kettle   inverted.     The  first 
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person  wlio  brought  the  diving-bell  into  vogue  with  us  was 
Pliipps,  the  American  blacksmith,  in  the  reign  of  Charles  II., 
and  who,  from  the  fortune  he  acquired  from  a  Spanish  ship, 
to  which  he  went  down,  laid  the  honours  of  the  Miilgrave 
family.  The  following  is  the  most  useful  purpose  to  which  the 
diving-bell  has  been  applied. 

Diving-Hell  at  Port  Patrick.— -The  diving-bell,  or  rather  the 
improved  instrument  now  in  use  at  Port  Patrick,  is  neither 
more  nor  less  than  a  square  cast-metal  frame,  about  8  feet  high, 
22  feet  in  circumference,  and  weighing  upwards  of  four  tons. 
This  frame  is,  of  course,  open  below,  and  at  the  top  are  twelve 
small  circular  windows  made  of  very  thick  glass,  such  as  are 
sometimes  seen  used  on  board  of  ships.  These  windows  are 
so  cemented  or  puttied  in,  that  not  a  bubble  of  water  can  pene- 
trate ;  and  when  the  sea  is  clear,  and  particularly  when  the 
sun  is  shining,  the  workmen  are  enabled  to  carry  on  their  sub- 
marine operations  without  the  aid  of  candles,  which  would 
consume  nearly  as  much  air  as  an  equal  number  of  human 
beings.  In  the  inside  of  tlie  bell  are  seats  for  the  workmen, 
with  knobs  to  hang  their  tools  on;  and  attached  to  it  is  a 
strong  double  air-pump,  which  is  a  mighty  improvement  on  the 
old-fashioned  plan  of  sinking  barrels  filled  with  air.  From 
this  pump  issues  a  thick  leathern  tube,  which  is  closely  fitted 
into  the  bell,  and  the  length  of  which  can  easily  be  proportioned 
to  the  depth  of  water.  As  may  be  supposed,  the  bell  is  sus- 
pended from  a  very  long  crane,  the  shaft  of  which  is  sunk  to 
the  very  keel  of  a  vessel,  purchased  and  fitted  up  for  the  purpose, 
and  which  is,  in  fact,  a  necessary  part  of  the  diving  apparatus. 
On  the  deck  of  this  vessel  is  placed  the  air-pump,  worked  by 
our  men,  with  an  additional  hand  to  watch  the  signals.  When 
bout,  therefore,  to  commence  operations,  the  sloop  is  moved 
0  the  outside  of  the  breakwater,  the  air-pump  put  in  motion, 
he  crane  worked, and  then  go  down  the  aqua  tic  quarry  men.  From 
ts  weight  and  shape,  the  machine  must  dip  perpendicularly  ; 
vhile  the  volume  of  air  within  enables  the  workmen  to  breathe, 
ind  keeps  out  the  water.  On  arri\ing  at  the  bottom,  the 
divers  are  chielly  annoyed  with  large  beds  of  sea-weed,  although, 
from  the  inequalities  of  the  channel  at  Port  Patrick,  and  the 
partially  uneven  manner  in  which  the  ledges  of  the  bell  occa- 
sionally rest  on  the  rocks,  it  is  impossible  to  expel  the  water 
altogether  ;  and  this,  it  is  presumed,  is  the  reason  why  it  is 
dangerous  to  descend  in  rough  or  squa-IIy  weather,  when  the 
leaving  and  agitated  deep  would  be  apt  to  dash  in  at  the  smallest 
;ranny.  To  guard  against  the  eH'ecIs  of  several  hours'  partial 
immersion  in  water,  the  men  are  provided  with  large  jack- 
boots, caps  of  wool,  and  coarse  woollen  jackets.  They  also 
observe  the  precaution  of  stuffing  their  ears  with  cotton,  as  the 
constant  stream  of  air  which  descends  from  above,  occasions, 
at  first,  an  uneasy  sensation,  and  is  even  apt  to  produce  deaf- 
ness. The  chief  submarine  artist  came  from  Holyhead  ;  and 
out  of  180  masons,  carpenters,  and  labourers,  only  one  man, 
It  is  said,  volunteered  to  assist  him.  A  respectable  and  inge- 
nious gentleman,  who  had  been  down  in  the  bell,  stated,  that 
he  felt  no  inconvenience  whatever;  but  the  air-pump  workers, 
among  whom  were  made  some  minute  inquiries,  shook  their 
heads  at  this  piece  of  information,  and  hinted,  that  the  volun- 
teer-diver had  often  felt  a  little  queerish,  and,  for  one  thing, 
"  had  taken  his  victuals  very  badly."  Here,  then,  we  have 
two  or  three  men  working  with  perfect  ease  and  safety  20,  25, 
and  sometimes  .30  feet  below  water.  In  carrying  out  the  new 
pier,  it  is  necessary  to  make  a  bed  for  the  foundation  stones, 
which  wouhl  otherwise  be  left  at  the  mercy  of  the  waves — and 
this,  in  a  word,  is  the  duty  of  the  divers.  With  picks,  ham- 
mers, jumpers,  and  gunpowder,  the  most  rugged  surface  is 
made  even,  and  not  o.'dy  a  bed  prepared  for  the  huge  masses 
of  stone  which  are  afterwards  let  down,  but  the  blocks  them- 
selves strongly  bound  together  with  iron  and  cement.  The 
divers,  like  other  quarryraen,  when  they  wish  "  to  blast,"  take 
good  care  to  be  put  out  of  harm's  way.  By  means  of  a  tin 
tube,  the  powder  is  kept  quite  dry,  and  a  branch  from  the 
larger  cavity,  hollow  and  filled  with  an  oaten  straw,  is  length- 
ened to  the  very  surface  of  the  water  before  the  fuse  is  lighted. 
In  one  or  two  cases  the  powder  has  failed  to  explode,  and  it  is 
very  teasing  for  the  men,  after  three  or  four  hours'  hard  work 
below  water,  to  be  compelled  to  descend  again,  for  the  sole 
purpose  of  repeating  the  blasting  process. 


BELLEROPHON,  a  name  sometimes  given  to  the  constel- 
lation Pegasus. 

BELLOWS,  an  instrument  constructed  for  the  purpose  of 
alternately  drawing  and  expelling  air.  In  the  common  culinary 
bellows  the  air  rushes  in  at  a  hole  or  holes  at  the  bottom, 
called  feeders,  over  which  is  a  flapping  valve,  and  is  expelled 
through  a  conical  pipe  called  the  nozzle,  by  means  of  a  kind  of 
mechanism  too  well  known  to  require  description  here. 

Dr.  Gregory  observes,  that  it  is  not  the  impuNive  force  of 
the  blast  that  is  wanted  in  most  cases,  but  merely  the  copious 
supply  of  air  to  produce  the  rapid  combustion  of  inflammable 
matter;  and  the  service  would,  in  general,  be  better  performed 
if  this  could  be  done  with  moderate  velocities  and  extended 
surface.  What  are  called  air-furnaces,  where  a  considerable 
surface  of  inflammable  matter  is  acted  on  at  once  by  the  cur- 
rent wliieh  the  mere  heat  of  the  expended  air  has  produced, 
are  found  more  operative,  in  proportion  to  the  air  expended, 
than  blast-furnaces  animated  by  bellows.  There  is,  indeed,  a 
great  impulsive  force  required  in  some  cases  ;  as,  for  blowing 
off  the  scoriae  from  the  surface  of  silver  or  copper  in  refining 
furnaces,  or  for  keeping  a  clear  passage  for  the  air  in  great 
iron  furnaces.  But,  in  general,  we  cannot  procure  this  abundant 
supply  of  air  in  any  other  way  than  by  giving  it  a  great  velo- 
city by  means  of  a  great  pressure  or  impulse ;  the  air  is 
admitted  into  a  very  large  cavity,  and  then  forcibly  expelled 
from  it  through  a  small  orifice. 

The  method  of  producing  a  continual  blast  by  a  centrifngal 
force  has  been  long  known.  Anacharsis,  the  Scvthian,  is 
recorded  as  the  inventor  of  bellows.  But  the  first  bellows 
acting  upon  this  principle,  of  which  we  have  a  distinct  account, 
is  that  invented  by  M.  Teral,  in  1729,  and  represented  in  the 
following  figure,  where  A  B  is  a  cubical  box,  with  a  top  rather 


arched:  to  this  box  is  adapted  a  hollow  pyramidal  frustum  C, 
at  the  extremity  of  which  is  the  tube  or  nozzle  1)  ;  the  capacity 
of  the  pyramid  not  being  separated  from  that  of  the  box.  Tip's 
box  contains  an  arbor  or  shaft  carrying  vanes,  as  G  F,  posited 
horizontally,  and  which  are  here  placed,  as  it  were,  out  of  the 
box,  that  their  shape  and  number  may  be  seen.  The  ends  of 
the  arbor  run  in  a  proper  collar  on  each  side  of  the  box,  and 
one  end,  as  F,  passes  through  the  side  of  the  box,  and  carries 
a  pulley  :  over  this  pulley  passes  a  cord  or  band,  w  Inch  also 
runs  round  part  of  a  «  heel  H  I,  situated  at  some  distance  from 
the  bellows,  and  which  is  turned  by  the  handle  M.  Thus  it 
will  be  manifest,  that  as  this  handle  turns  the  w  heel  H  I,  it 
will,  by  means  of  the  band,  turn  the  ptdley  F  and  the  arbor 
and  vanes,  with  a  velocity  which  will  he  to  that  of  the  wheel  as 
the  radius  of  the  wheel  to  that  of  the  pidley.  Hence  the  greater 
the  diameter  of  the  wheel,  and  the  less  that  of  the  pulley,  the 
more  rapidly  will  the  exterior  air  (which  enters  by  siuall  holes 
kit,  into  the  top  of  the  box,)  be  driven  by  the  vanes,  and  com- 
pressed into  the  truncated  pyramid  r,  and  thence  expelled  at 
D,  in  a  continued  blast;  which  will  likewise  be  the  more 
violent  the  greater  the  action  at  the  handle  M.  This  machine, 
being  very  simple,  is  easily  constructed,  and  at  a  smal'  expense. 
Another  bellows,  furnishing  a  uiiil'orni  Mast,  is  described  as 
follows  : — One  cylinder  is  made  to  dclivir  its  air  into  another 
cylinder,  which   has   a  piston  exactly   fitted  to   its  bore,  and 
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loaded  with  a  sufficient  weight 
(as  represented  in  the  figure 
by  a  rod  N  P.  connected  by 
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,     Tlie  blowing  cylinder  A  B  C  D, 

below,)  has  its  piston  P  worked 

double  chains  with  the  arched 


head  of  the  working  beam  N  O,  moving  round  a  gudgeon  at  R. 
The  other  end  O  of  this  beam  is  connected  by  the  rod  O  P 
with  the  crank  PQ  of  a  wheel-machine;  or  it  maybe  con- 
nected with  the  piston  of  a  steam-engine,  &c.  &c.  The  blow- 
ing cylinder  has  a  valve  or  valves  E  in  its  bottom,  opening 
inwards.  There  proceeds  from  it  a  large  pipe  C  F,  which 
enters  the  regulating  cylinder  G  H  KI,  and  has  a  valve  at  top, 
to  prevent  the  air  from  getting  back  into  the  blowing  cylinder 
A  B  C  D.  It  is  evident,  that  the  air  forced  into  this  cylinder, 
GHKI,  must  raise  its  piston  L,  and  that  it  must  afterwards 
descend,  while  the  other  piston  is  rising.  It  must  descend 
uniformly,  and  make  a  perfectly  equable  blast. 

We  may  observe,  however,  that  if  the  piston  L  be  at  the 
bottom  when  the  machine  begins  to  work,  it  will  be  at  the 
bottom  at  the  end  of  every  stroke,  if  the  (iq/ere  T  emits  as  much 
air  as  the  cylinder  A  B  C  D  furnishes  ;  nay,  it  will  lie  a  while 
at  the  bottom,  for,  while  it  was  rising,  air  was  issuing  through 
T.  But  as  this  would  make  an  interrupted  blast,  it  is  prevented 
thus:  The  orifice  T  must  be  lessened;  yet  then  there  will  be  a 
surplus  of  air  at  the  end  of  each  stroke,  and  the  piston  L  will 
rise  continually,  and  at  last  get  to  the  top,  and  allow  air  to 
escape.  But  it  is  possible  to  adjust  circumstances,  so  that 
neither  shall  happen.  This  is  done  easier  by  putting  a  stop  in 
the  way  of  the  piston,  and  putting  a  valve  on  the  piston,  or  on 
the  conducting  pipe  K  S  T,  loaded  with  a  weight  a  little  supe- 
rior to  the  intended  elasticity  of  the  air  in  the  c.\  Under.  There- 
fore, when  the  piston  is  prevented  by  the  stop  from  rising,  the 
shifting  valve,  as  it  is  called,  is  forced  open,  the  superlluous 
air  escapes,  and  the  blast  preserves  its  uniformity. 

T/ie  Hi/draulic  Forge  Bellows,  of  Mr.  J.  C.  Hornblower,  a 
very  ingenious  contrivance,  is  thus  described.  This  invention 
is  shewn  in  the  following  engraving:— A  the  plunger,  or  work- 
ing part  of  the  bellows,  18  inches  square  within,  which  receives 
the  air  by  a  valve  in  the  hinder  part  opening  inwards,  which 
at  the  stroke  by  the  rockstalT  E  throws  it  down  the  tube  indi- 
cated by  the  dotted  lines,  which  has  a  valve  opening  into  the 
reservoir  D,  whence  it  is  led  to  the  tuyere  by  the  pipe  P. 
Length  of  the  plunger  20  inches,  stroke  nine  inches.  Diameter 
of  P  three  inches  ;  of  the  nozzle  0-6.  The  w  hole  is  placed  in  a 
pit  or  cistern,  having  water  siiflicicnt  to  rise  to  the  lower  end 
of  the  tube  where  the  valve  hangs  ;  this  tube  is  the  only  com- 
munication between  the  upper  part  and  the  reservoir  D  :  when 
as  much  water  is  poured  in  round  the  working  part,  over  the 
wash-boards,  as  will  rise  within  five  inches  of  the  upper  edge 
of  them,  the  bellows  is  ready  for  use.  The  little  frame-work 
serves  to  keep  it  from  rising,  and  affords  a  convenient  support 
for  the  balance  and  the  rockstalf.  The  area  of  the  pit  or  cis- 
tern ought  to  be  at  least  twice  as  much  as  that  of  the  i)hinger  A. 
A  very  striking  difference  between  the  effect  of  this  bellows 


and  a  common  leather- 
ed 3»)-incli   bellows  ia 
the  same  shop,  is  the 
following.       The    lea- 
thered bellows  throws 
considerably  more  air 
to  the  fire,  and  its  noz- 
zle,comparedwith  this, 
is  as  -73  to  -60  in  dia- 
meter, but  it  does  not 
produce   so    great    an 
effect   in   bringing  on 
the  heat,  and  the  noise 
of  this   is  so  great  as 
almost  to  drown  that 
of    the    common  one. 
The  only  difference  in 
other  respects  is,  that 
in    the  hydraulic  bel- 
lows the  pipe  goes  un- 
der ground  for  about 
eight  feet,  and  the  con- 
ducting   pipe    of   the 
other      comes      down 
about    the    same    dis- 
tance   from   the  shop 
above. 

When  bellows  are 
made  more  than  usual- 
ly large,  for  extensive 
furnaces,  they  have 
been  frequently  work- 
ed by  water-wheels.  But  iron  furnaces  have,  of  late,  been 
constructed  of  such  magnitude,  that  no  leather  bellows  could 
be  made  sufliciently  capacious  ;  and  hence  large  forcing  pumps 
have  been  substituted  for  them.  We  shall,  under  the  article 
Forge,  describe  the  Carron  engine  constructed  by  Smeatou. 

Hi/ilrostatic  Bellows,  (as  represented  in  the  annexed  figure,) 
is  a  machine  for  illustrating  the  upw  ard  pressure  of  lluids.     It 

consists  of  two  thick  boards 
E  F,  CD,  about  16  or  18 
inches  diameter,  covered  or 
connected  firmly  with  pliable 
leather  round  the  edges,  to 
open  and  shut  like  common 
bellows,  but  without  valves; 
a  pipe  A  B,  about  three  feet 
high,  is  fixed  into  the  bellows 
at  B.  Now  let  water  be 
poured  into  the  pipe  at  A. 
and  it  will  run  into  the  bel- 
lows, gradually  separating 
the  boards  by  raising  the 
upper  one.  Then,  if  several 
weights  (3  hundred  weights, 
for  instance,)  be  laid  upon 
the  upper  board,  the  water 
being  poured  in  at  the  pipe 
till  it  be  full,  will  sustain  all 
the  %veights,  though  the  water  in  the  pipe,  should  not  w  eigh  a 
quarter  of  a  pound.  For  the  narrower  the  pipe  the  better, 
beyond  certain  limits,  provided  wc  may  make  it  long  enough, 
the  proportion  being  alw  ays  this  : 

As  the  area  of  the  orifice  or  section  of  the  pipe, 
To  the  area  of  the  bellows'  board,  E  F  ; 
So  is  the  weight  of  water  in  the  pipe  A  G, 
To  the  weight  it  w  ill  sustain  on  the  board  C  D. 

For  the  fluid  at  B,  the  bottom  of  the  tube,  is  pressed  with  a 
force  varying  as  its  altitude  A  15  ;  and  this  pressure  is  commu- 
nicated horiz(Uifally  to  all  the  particles  in  the  space  F  E,  and 
then  distributed  equally  throughout  the  fluid  in  the  bellows  ; 
consequently,  the  pressure  ujiwards  at  FE  is  equal  to  the 
weight  of  a  cylinder  of  the  fluid  whose  base  is  F  E,  and  altitude 
A  U ;  while  the  actual  weight  of  water  borne  up  is  only  that  of 
the  cylinder,  whose  base  is  FE,  and  height  BG  ;  and  hence  no 
weights   laid  upon  C  D  that  do   not   exceed  the  weight  of  a 


B  E  R 


DICTIONARY    OP    MECHANICAL    SCIENCE. 


B  E  R 


lOS 


cylinder  of  the  fluid,  whose  base  is  E  F  and  altitnde  A  G,  will 
disturb  the  equilibrium. 

Bellows,  or  Water  Bloivivg-Engme,  is  a  machine  m  which 
the  stream  of  air  is  supplied  by  the  flowinfc  of  the  water,  and  it 
has  been  long  employed  at  the  iron  works  of  Poullaouen  in 
France.  The  shower  of  water,  in  its  descent  throuffh  the  verti- 
cal pipe  of  the  machine,  carries  down  a  column  of  air  along  with 
it,  (upon  the  principle  of  the  lateral  adhesion  of  fluids,)  in  the 
same  manner  as  a  shower  of  rain  on  the  surface  of  the  sea, 
produces  that  temporary  blast  of  wind  which  the  seamen  term 
a  squall.  The  efl'ects  of  this  machine  in  producing  a  blast  of 
air,  are  inferior  to  that  of  the  steam-engine  ;  but  in  situations 
which  afford  a  plentiful  supply  and  a  sulhcient  fall  of  water,  it 
may  frequently  be  employed  with  advantage. 

BELTS,  Fascia,  in  Astronomy,  zones  or  girdles,  surrounding 
the  planet  Jupiter,  more  lucid  than  the  other  parts  of  his  body, 
and  terminated  by  parallel  straight  lines,  being  sometimes 
broader  and  sometimes  narrower,  varying  both  in  magnitude 
and  position.  Dark  spots  have  frequently  been  observed  in 
Jupiter's  Belts,  one  of  which  is  permanent,  and  by  means  of 
which  the  diurnal  revolution  of  this  planet  has  been  ascer- 
tained. See  Phil.  Trans.  No.  10  and  No.  11,  vol.  Ixiii.  Some 
astronomers  suppose  the  belts  to  be  seas,  which  alternately 
cover  and  leave  bare  vast  tracts  of  this  planet;  and  that  the 
spots  are  gulfs  in  those  seas,  probably  as  large  as  our  ocean, 
sometimes  full  and  at  others  dry.  Other  hypotheses  have  been 
advanced  by  difl'erent  astronomers,  which,  however,  are  all 
merely  conjectures,  and  therefore  excite  but  little  interest. 
These  belts  were  first  observed  at  Naples  by  Zuppi  and  Bar- 
toli,  two  Jesuits,  and  afterwards  by  Campani  and  Huygens. 
Cassini  observed,  also,  three  dark  straight  parallel  belts  on  the 
disc  of  Saturn  ;  and  something  of  a  similar  kind  has  been  seen 
indistinctly  on  the  planet  Mars. 

BENDING,  the  reducing  a  body  to  a  carved  or  crooked 
form.  The  bending  of  boards,  planks,  &c.  is  effected  by  means 
of  heat,  whether  by  boiling  or  otherwise,  by  which  their  fibres 
are  so  relaxed,  that  they  may  be  bent  into  any  figure  at  plea- 
sure. Bernoulli  has  a  discourse  on  the  bending  of  springs  or 
elastic  bodies,  and  Amonton  gives  several  experiments  on  the 
bending  of  ropes. 

BENITHNASH.  a  name  sometimes  given  to  the  last  star  in 
the  tail  of  Ursa  Major. 

BERKELEY,  Dr.  George,  a  celebrated  divine  and  philo- 
sopher, was  born  at  Kilarin  in  Ireland,  1684,  and  died  at 
Oxford,  1753,  in  the  G9th  year  of  his  age.  He  was  author  of 
several  works  on  theology,  mathematics,  and  metaphysics. 

BERNE  Machine,  (as  m  the  following  figure,)  for  rooting 
up  trees,  the  invention  of  Peter  Sommer,  of  Berne,  consists  of 


three  parts,  the  beam,  the  ram,  and  the  lever.  The  beam, 
A  B  C,  No.  1 ,  of  which  only  one  side  is  seen  in  the  figure,  is  com- 
posed of  two  stout  planks  of  oak,  three  inches  thick  at  least, 
and  separated  by  two  transverse  pieces  of  the  same  wood,  at 
A  and  C,  about  three  inches  thick :  these  planks  are  bored 
through  with  corresponding  holes,  to  receive  iron  pins,  upon 
which  the  lever  acts  between  the  two  sides  of  the  beam,  and 
which  is  shifted  higher  and  higher  as  the  tree  is  raised,  or 
rather  pushed  out  of  its  place  :  the  sides  are  well  secured  at  the 
top  and  bottom  by  strong  iron  hoops.  The  iron  pins  on  which 
the  lever  rests,  should  be  an  inch  and  a  quarter,  and  the  holes 
through  which  they  pass,  an  inch  and  a  half,  in  diameter.  The 
position  of  these  holes  is  suflicicntly  indicated  by  the  figure. 
The  foot  of  the  beam,  when  the  machine  is  in  action,  is  secured 
by  stakes  represented  at  G,  driven  into  the  earth.  The  ram,  D, 
which  is  made  of  oak,  elm,  or  some  other  strong  wood,  is  cap- 
ped with  three  strong  iron  spikes  represented  alf,  which  take 
fast  hold  of  the  tree.  This  ram  is  six  or  eight  inches  square, 
and  a  slit  is  cut  lengthwise  tluougli  the  middle  of  it,  from  its 
lower  end  at  K,  to  the  first  ferule  a,  in  order  to  allow  room  for 
the  chain  (/ /(  to  play  round  the  pulley  K,  which  should  be 
four  inches  thick,  and  nine  inches  in  diameter.  This  ram  is 
raised  by  means  of  the  chain  j  A,  which  should  be  about  ten 
feet  long,  with  links  four  inches  and  three-quarters  in  length, 
and  an  inch  thick.  One  end  of  this  chain  is  fastened  to  the 
top  of  the  beam  at  C,  while  the  other,  after  passing  through  the 
lower  part  of  the  ram,  and  over  the  pulley  K,  teruii.iates  in  a 
ring  or  link  represented  in  No.  3  ;  the  two  ears,  m,  n,  of  which, 
serve  to  keep  it  in  a  true  position  between  the  two  planks  of 
the  beam.  In  this  ring,  the  hook  p  is  inserted  :  the  hook  is 
represented  in  profile.  No.  2,  where  F  is  the  part  «liich  takes 
hold  of  the  ring.  But  it  must  be  observed,  that  the  parts  of 
tliis  machine  represented  in  Nos.  2,  3,  are  drawn  on  a  scale 
twice  as  large  as  the  whole  engine.  The  hook  F,  No.  2,  should 
be  made  of  very  tough  iron,  as  well  as  the  handle  D,  and  the 
arch  E  C.  This  handle  should  be  two  inches  thick  at  :,  where 
it  joins  to  the  hook,  and  the  thickness  gradually  lessen  by 
degrees  up  to  the  arch,  which  need  not  be  more  than  half  an  inch 
thick.  On  each  side  of  the  pin  z  is  a  semicircular  notch  .r  7, 
which  rests  alternately  on  the  pins  when  the  machine  is  worked. 
The  hole  D,  and  the  arch  EC  serve  to  fix  a  long  lever  of  wood 
E  F,  No.  1 ,  by  means  of  two  iron  pins  ;  and  by  this  contrivance, 
the  lever  is  either  raised  or  depressed  at  pleasure,  in  order  to 
render  the  working  of  the  machine  easy  in  whatever  part  of  the 
beam  the  lever  may  be  placed  ;  for  without  this  contrivance, 
the  extremity  of  the  lever  EF  would,  when  the  handle  is  near 
the  top  of  the  beam,  be  much  higher  than  men  standing  upon 
the  ground  could  reach.  It  must,  however,  be  remembered, 
that  (he  lever  is  often  shortened  by  this  contrivance,  and  con- 
se<|uently  its  power  lessened.  The  machine  is  worked  in  the 
following  manner  : — It  is  placed  against  a  tree,  in  the  manner 
represented  in  the  figure,  so  that  tlic  iron  spikes  at /"may  have 
hold  of  the  tree,  and  the  end  of  the  beam  A  be  supported  by 
stakes  represented  at  G.  The  iron  handle,  No.  2,  is  placed  in 
the  opening  between  the  two  planks  of  the  beam,  and  th.e 
wooden  lever  fixed  to  it  by  means  of  the  iron  pins  already 
mentioned.  The  hook  F  takes  hold  of  the  chain,  and  one  of 
the  iron  pins  is  thrust  into  the  outer  row  of  holes,  by  which 
means  the  outer  notch  x  will  rest  on  the  pin,  which  will  be  now 
the  centre  of  motion;  and  the  end  of  the  lc\er  E,  No.  1,  being 
pressed  dow  nwards,  the  other  notch  y.  No.  2,  will  he  raised, 
and  at  the  same  time  the  chain,  and  consequently  the  ram. 
The  other  ir»n  pin  is  now  to  be  thrust  into  the  hole  in  the  inner 
row,  next  above  that  which  was  before  the  centre  of  motion, 
and  the  end  of  (he  lever  E  elevated  or  pushed  upwards,  the 
latter  pin  on  which  the  notch  ?/  rests,  now  becoming  the  centre 
of  motion.  13y  this  alternate  motion  of  the  le\er,  and  shifting 
the  pins,  the  chain  is  drawn  upwards  over  the  pulley  K,  and 
consequently  the  whole  force  of  the  engine  exerted  against  the 
tree  :  there  is  a  small  wheel  at  L,  in  order  to  lessen  the  l'ric(ir)n 
of  that  part  of  the  machine.  From  this  account  tl  c  rca<ler  will 
very  easily  perceive,  that  the  machine  is  nothing  more  than  a 
single  pulley  compounded  with  a  lever  of  the  first  and  second 
order.  It  must,  however,  be  remembered,  that  as  the  push  of 
the  engine  is  given  in  an  obli(pie  direction,  it  will  exert  a 
greater  or  lesser  force  against  the  horizontal  roots  of  the  tree, 
2  E 
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in  proportion  to  the  an^le  formed  by  the  macliiiie  with  the 
plane  of  the  horizon,  and  that  the  angle  of  45°  is  the  maximum, 
or  that  when  the  machine  will  exert  its  greatest  force  against 
the  horizontal  roots  of  the  tree. 

BERNOULLI,  the  name  of  several  excellent  mathemati- 
cians of  France  and  Switzerland. 

BERYL,  a  pellucid  gem  of  a  bluish  green  colour,  found  in  the 
East  Indies,  Peru,  and  Silesia.  This  gem  assumes  either  the 
pebble  or  columnar,  or  crystal  form.  To  imitate  beryl,  artists 
add  to  20  lbs.  of  crystal  glass  made  without  magnesia,  6ounces 
of  calcined  brass  or  copper,  and  a  quarter  of  an  ounce  of  pre- 
pared zafl're. 

BIENNIAL  Plants,  are  those  which  endure  two  years  ;  as, 
of  esculents,  the  cabbage,  savoy,  carrots,  parsnips,  beet,  ouiou, 
leek  ;  of  flowers,  carnation,  hollyhock,  wallllower,  &c. 

BILBOES,  long  bars  or  bolts  of  iron  with  skiickles  sliding 
on  them,  and  a  lock  at  the  end,  used  to  confine  the  feet  of 
prisoners  in  a  manner  similar  to  the  punishment  of  the  stocks. 
The  ollender  is  laid  in  irons,  which  are  more  or  less  ponderous 
according  to  the  nature  of  the  olfence  of  which  he  is  guilty. 

BILGE,  or  Bildge,  that  part  of  a  floor  in  a  ship  which 
approaches  nearer  to  an  horizontal  than  to  a  perpendicular 
direction,  and  on  which  the  ship  would  rest  if  laid  on  the 
ground  :  hence,  when  a  ship  receives  a  fracture  in  this  place, 
she  is  said  to  be  bilged,  or  bulged.  Bilge  is  also  the  largest 
circumference  of  a  cask,  or  that  which  extends  rouud  by  the 
bung-hole. 

BiLGE-uater,  the  rain  or  sea-water  which  occasionally  enters 
the  lower  apartments  of  a  ship,  whence  running  down  to  the 
floor,  it  remains  in  the  bilge  of  the  ship,  till  pumped  out,  by 
jcasjn  of  her  flat-bottom,  which  prevents  it  from  going  to  the 
well  of  the  pump,  and  is  always  (if  the  ship  does  not  leak)  of 
a  dirty  colour,  and  disagreeable  smell. 

BILLION,  in  Numeration,  the  sum  of  a  million  of  millions, 
or  lOOOO-OOOOOOOO :  this  term,  as  well  as  those  of  trillion,  qua- 
tillions,  &c.  are  introduced  for  the  more  readily  expressing  in 
words,  or  enumerating,  a  number  consisting  of  many  figures; 
but  they  have  been  differently  employed  by  difl'erent  writers; 
the  French  mathematicians  understanding  billion  to  mean  thou- 
sands of  millions,  and  the  English  millions  of  millions;  thus,  in 
Bezoufs  "  Gourse  of  Mathematics,"  and  the  "  Encyclopedic 
Methodique,"  the  place  of  billions  is  said  to  be  the  tenth  from  the 
right  tow  ards  the  left,  whereas  we  make  it  in  our  arithmetics  the 
thirteenth;  and  it  is  singular,  that  this  word  is  not  found  in  any 
English  dictionary.  Mr.  Bonnycastle,  in  his  arithmetic,  uses 
the  phrase  bi-miilion  or  billion,  tri-million  or  trillion,  which 
seems  to  be  the  probable  derivation  of  these  terms  ;  and  admit- 
ting this,  there  can  be  no  doubt,  from  analogy,  that  bi-million 
or  billion  means  a  million  times  a  million,  the  same  as  biquad- 
ratic means  a  quantity  produced  from  the  multiplication  of  two 
quadratics.  The  French  have,  however,  decidedly  the  advan- 
tage in  point  of  simplicity. 

BIMEDIAL  Line,  in  Geometry,  is  the  sum  of  two  medials. 
Thus,  when  two  medial  lines,  commensurable  only  in  power, 
and  containing  a  rational  rectangle,  be  compounded,  the  whole 
shall  be  irrational  «ith  respect  to  either  of  the  two;  and  is 
called,  by  Euclid,  a  first  himetlialline.  But  if  two  medial  lines, 
commensurable  only  in  power,  and  containing  a  medial  rect- 
angle, be  compounded,  the  whole  will  be  irrational  ;  and  is 
called  a  second  bimediul  line.   Euclid,  lib.  x.  prop.  38  and  39. 

BINOCLE,  or  Bixoculvr  Telescope,  is  a  telescope  to 
which  both  eyes  may  be  applied;  and,  consequently,  the  same 
object  observed  at  the  same  time  with  both.  It  consists  of  two 
tubes,  w  ith  two  sets  of  glasses  of  the  same  power,  and  adjusted 
to  the  same  axis  ;  which  has  been  said  to  exhibit  objects  larger 
and  more  distinct  than  a  single  or  monocular  glass.  But  this 
is  probably  only  an  illusion,  occasioned  by  the  stronger  impres- 
sion which  two  equal  images,  alike  illuminated,  make  upon  the 
eyes.  There  are  also  microscopes  of  the  same  construction, 
but  th(^y  are  very  seldom  used. 

BINOMIAL,  in  Algebra,  is  a  large  quantity  consisting  of 
two  terms  or  names,  and  connected  by  the  sign  -)-  plus,  —  mi- 
nus, or  zz.  ef/uat ;  thus,  a  -^  h,  a  —  b,  a^i  h,  are  all  binomials  ; 
the  dilVerence  a  —  A,  being  also  frequently  called  a  n-siiluiil ; 
and  by  Euclid,  iipotnme.  The  terms  binomial  and  residual  are 
said  to  have  been  introduced  into  algebra  by  Rccorde,  in  1607  ; 


and  they  have  since  been  very  commonly  employed  in  varions 
ways.  Thus  we  say,  Binomial  Curve,  Equation,  Surd,  Theo- 
rem, &c. 

Binomial  T/ifocem,  is  a  general  algebraical  expression  or 
formula,  by  which  any  power  or  root  of  a  quantity  of  two  terms 
is  expanded  into  a  series.  This  is  also  commonly  called  the 
Newtonian  theorem,  or  Aewton's  binomial  theorem,  on  account  of 
his  being  commonly  considered  as  the  inventor  of  it,  as  he 
undoubtedly  was,  at  least  in  the  ease  of  fractional  and  negative 
indices  ;  which  includes  all  the  other  particular  cases  of 
powers,  divisions,  &c.  This  celebrated  theorem,  as  proposed  in 
its  simplest  form,  is  this  : — Let  a  -\-  h  ht  raised  to  the  fourth 
power. 


Mode  of 

The  Powers. 

Expressing 
tbem. 

Powers  Expanded. 

Square 

(«  +  hf 

a-'  +  2ab  -(-  b^ 

Cube 

(«  +  hf 

a'+  ii'«b+  3«J'  +  ¥ 

4th  Power .  . 

(«  +  by 

rt'-f  ia^b  -f  6n^i'-|-  4nt= -|-  ¥ 

5th  Power  . . 

{a  +  by 

a^  +  oa'b  +  H)a'b-'  +  lOa^i'  +  bab* 

0th  Power.. 

(«+  b) 

a6-f  6f«^6  4-  Ion'ii-(- 200=434.  15 a3 
b'+  6  a¥  -(-  i«. 

&c. 

&c. 

&c. 

The  first  term  a  is  raised  to  the  6th  power,  and  the  second 
term  b  to  the  same  power.  In  all  the  intermediate  terms  the 
powers  of  «  decrease,  and  the  powers  of  6  increase,  by  unity, 
in  each  successive  term.  In  each  case,  the  co-efficient  of  the 
second  term  is  the  same  with  the  index  of  the  given  power. 
Thus,  in  the  square  it  is  2,  in  the  cube  3,  &c.  If  the  co-efficient 
of  a  in  any  term  be  multiplied  by  its  index,  and  the  product 
divided  by  the  number  of  terms  to  that  place,  the  quotient  will 
give  the  co-ellicieut  of  the  next  term. 

Thus  are  we  furnished  with  a  general  rule  for  raising  the 
binomial  n  -|-  A  to  any  power,  without  the  process  of  actual 
multiplication.  For  were  we  required  to  raise  a  -\-  h  to  the 
eighth  power,  the  rule  just  laid  down  shews  us,  that 

The  _/?rst  term  is a' 

The  second 8  a'  6 

8x7 
The  third 5 «'  b->  —  28a'b' 

og  V   6 
The  fourth ^—^ «'  6'  =  56a'  b' 

^.      ,,.  ,  56  X  5       , 

Thejijth 2 «'  b*  =  70  n<  i« 

70  X  4 

The  sixth 7 —  a'b^  =  56a' 4« 

5 

56  X  3 
The  seieuth    ^ a^l>^  ZZ  ^SaH* 

28  X  2 
The  eiyhlh y n  A'    z:      8  a  A' 

The  ninth zz  A'. 

When  the  number  of  terms  is  even  in  the  resulting  quantity, 
the  co-elficients  of  the  two  middle  terms  are  the  same;  and,  in 
all  cases,  the  co-efiicicnts  increase  as  far  as  the  middle  term, 
and  then  decrease  precisely  in  the  same  manner,  till  we  arrive 
at  the  last  term.  Guided  by  this  law  of  the  co-cflicients,  we 
need  only  calculate  them  as  far  as  the  middle  term,  and  then 
set  down  the  remaining  ones  in  an  inverted  order. 
Thus,  in  ^  Tln\first  five  co-efiicients  arei  1,  9,  36,  84,126 

=^—  'Jl_   S  And  the  last  five i  126,  84,  36,  9,  1. 

This  rvile,  exhibited  in  its  most  general  form  of  the  Newtonian 
Binomial  I'lieorcm,  is  thus  read  : 

Suppose  we  w ere  required  to  raise  Ihe  liinonnal  n  -|-  A  to  any 
pow  cr  denoted  by  71 :  From  the  principles  already  laid  down. 
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T\iii  first  term  would  be  a". 

The  sccdud na"-^h. 

n(n  —  1 )         , 
The  third  2 —  """*• 

Ti     /•      ,;  «(„-!)  (n-2) 

The  fourt/i og  "      "  • 

n(n-l)(n-2)(«-3) 
They/f<A -^ %;4^ ""-A*- 

The  /rts< J». 

?!(»—!)         ,         «(n— l)(n— 2) 
Or,  (a  +  by  =  a"  +  na'^-'b  + -^ ■«»_''i'  + -^Tj 

n(H—  1)  (— 2)  (n  — :?) 
a«-'J^  +    -^ '      ^  ^a'-'-'ti  +  &c +  6". 

Bj'  the  same  process,  (a —  h)"  iz  a" —  na"-'b  +   ^ —  a"—''b'' 

-^ ^A a^-'t'  +  &c. ;  the  signs  of  the  terms  being 

alternately  +  and  — . 

BIQUADRATIC  Root,  is  the  fourth  root  of  any  proposed 
quantity  ;  thus  2  is  the  biquadratic,  or  fourlli  root,  of  16.  Tlie 
biquadratic  root  of  a  number  is  found  by  extracting  the  square 
root  of  it,  and  then  the  square  root  of  that  root;  which  last 
result  will  be  the  root  sought.  Thus,  the  fourth  root  of  20736 
is  found  as  follows  : 

V  20736  ■=.   144,  the  square  root, 

V  144      =   12,  the  41h  root  sought  ; 
and  so  on  for  any  other  number. 

Biquadratic  Equation,  is  an  equation  of  the  fourth  degree, 
or  in  which  the  unknown  quantity  rises  to  the  fourth  power  ; 
thus,  a-'  +  «  x'  4"  b  x"  -\-  c  X  +  (/  :^  0, 

is  a  biquadratic  equation,  in  which  a,b,c,  and  (/,  may  be  any 
numbers  whatever,  positive  or  negative,  or  any  of  them  equal 
to  zero  or  0. 

A  biquadratic  equation  is  the  highest  order  of  equation  that 
admits  of  a  general  solution  ;  all  beyond  this  being  resolvable 
only  in  particular  cases.  For  the  solution  of  equations  of  the 
fouith  degree,  different  solutions  have  been  proposed  by  several 
authors. 

BIQUINTILE  Aspect  of  the  Planets,  is  when  they  are  dis- 
tant from  each  other  144°,  or  twice  the  fifth  part  of  360°. 

BIRCH,  Bark  of,  is  used  in  Russia  as  we  use  tiles  to  cover 
houses ;  and  among  the  Indians  of  America,  it  covers  the 
slender  ribs  of  their  canoes.  Birch  leaves  are  of  use  in  the 
dropsy,  itch,  &c. 

BIRDS,  in  Heraldry,  represent  a  contemplative  or  active 
life,  and  are  emblems  of  expedition,  liberty,  readiness,  and  fear. 
Birds.  The  skeleton  or  bony  frame  of  birds  is  lighter  than 
that  of  quadrupeds,  and  is  calculated  for  the  power  of  llight ; 
the  spine  is  immoveable,  the  neck  lengthened  and  flexible  ;  the 
breast-bone  very  large,  with  a  prominent  keel  down  the  middle, 
and  formed  for  the  attachment  of  strong  muscles.  The  bones 
of  the  wings  are  analogous  to  those  of  the  fore-legs  in  quadru- 
peds, but  the  termination  is  in  three  joints,  of  which  the  exte- 
rior one  is  very  short.  The  legs  are  analogous  to  the  hind-legs 
in  quadrupeds,  and  terminate  in  general  in  four  toes,  three  of 
which  are  commonly  directed  forwards,  and  one  backwards  ;  in 
some  birds  there  are  only  two  foes,  in  others,  only  three.  All 
the  bones  in  birds  are  much  lighter  than  in  quadrupeds. 

The  feathers  with  which  birds  are  covered,  resemble  the  hair 
of  quadrupeds,  being  composed  of  a  similar  substance  in  a  dif- 
ferent form.  Beneath  the  general  plumage,  the  skin  in  birds 
is  covered  with  a  much  finer  feathery  substance,  called  down. 
The  throat,  after  passing  down  to  a  certain  distance,  dilates 
into  a  large  bag,  answering  to  the  stomach  in  quadrupeds  :  it 
is  called  the  crop,  and  its  great  use  is  to  soften  and  prepare  the 
food  taken  into  it,  for  passing  into  another  receptacle,  called 
the  gizzard.  This  powerful  stomach  consists  of  two  strong 
muscles,  lined  and  covered  with  a  strong  coat  furrowed  on  the 
inaide      In  the  birds  of  prey,  or  accipitres,  this  is  wanting,  the 


stomach  being  allied  to  that  of  quadrupeds.  In  this  receptacle, 
the  food  is  ground,  and  reduced  to  a  pulp.  The  lungs  of  birds 
difler  from  those  of  quadrupeds  in  not  being  loose  in  the 
breast,  but  fixed  to  the  bones  ;  they  consist  of  a  pair  of  large 
spongy  bodies,  covered  with  a  membrane,  which  is  pierced  in 
several  places,  and  communicates  with  large  air-bags,  dis- 
persed about  the  cavities  of  the  body.  The  eyes  of  birds  are 
more  or  less  convex  in  the  ditlerent  tribes;  and  in  genera!, 
their  sight  is  more  acute  than  that  of  most  other  animals. 
Their  ear,  though  internal,  is  constructed  very  nicelj ,  on  the 
same  general  plan  as  in  quadrupeds.  Their  organs  of  motion 
are  two  wings  and  two  legs  ;  and  they  are  destitute  of  ex- 
ternal ears,  lips,  and  many  other  parts  which  are  important  to 
quadrupeds. 

Birds  are  produced  from  eggs,  which  vary  in  number,  size, 
and  colour,  but  are  always  covered  with  a  hard  shell,  and  for 
the  most  part  deposited  in  an  artificial  nest,  and  hatched  by 
the  general  warmth  of  the  parent  sitting  upon  them. 

Linnaeus  has  divided  this  class  into  six  orders  : — 1.  Accipi- 
tres, hawks,  &c.  ;  2.  PiciE,  pies,  &c. ;  3.  Passeres,  sparrows, 
&c.  ;  4.  Gallinae,  poultry,  &,c.  ;  5.  Grallae,  herons,  &c. ;  6.  An- 
seres,  geese,  &c. 

The  orders  of  birds  are  these  :— I.  Land  Birds. — 1.  Rapaci- 
ous birds  have  the  upper  mandible  hooked,  and  an  angular 
projection  on  each  side  near  the  point,  as  the  eagles,  hawks, 
and  owls.  2.  Pies,  have  their  bills  sharp  at  the  edge,  some- 
what compressed  at  the  .sides,  and  convex  at  the  top,  as  the 
crows.  3.  Passerine  birds,  have  the  bill  conical  and  pointed, 
and  the  nostrils  oval,  open,  and  naked,  as  the  sparrow  and 
linnet.  4.  Gallinaceous  birds,  have  the  upper  mandible  arched, 
and  covering  the  lower  one  at  the  edge,  and  the  nostrils  arched 
over  with  a  cartilaginous  membrane,  as  the  common  poultry, 
turkeys,  &c. 

II.  Water  Birds. — 5.  Waders,  have  a  roundish  bill,  a  fleshy 
tongue,  and  the  legs  naked  above  the  knees,  as  the  herons, 
plovers,  and  snipes.  6.  Swimmers,  luive  iheir  bills  broad  at 
the  top,  and  covered  with  a  soft  skin;  and  the  feet  webbed,  as 
ducks  and  geese. 

BiuDs,  To  Preserve.  The  preserving  of  beautiful  birds,  with 
which  some  foreign  countries  abound,  so  as  to  retain  their 
natural  form  and  position,  as  well  as  the  beauty  of  their  colours 
and  plumage,  must  be  attended  to  with  great  care,  lest  they 
should  be  destroyed  by  insects,  which  has  often  been  the  case, 
to  the  great  disappointment  of  the  naturalist.  After  dissecting 
all  the  fleshy  pails  from  the  bones,  and  removing  the  entrails, 
eyes,  brains,  and  tongue,  the  cavities  and  inside  of  the  skin 
should  be  sprinkled  with  the  following  antiseptic  powder. 

Muriate  of  mercury 2  oz. 

Calcined  nitrate  of  potass 2 

sulphate  of  alumine 2 

Sulphur 4 

Camphor 2 

Pulverized  black  pepper 8 

tobacco 8 

Mix  the  whole  together,  and  keep  it  in  a  glass  vessel,  stopped 
up  very  close.  In  Guiana,  the  number  and  variety  of  beauti- 
ful birds  is  so  great,  that  several  persons  in  the  colony  advan- 
tageously employ  themselves  in  killing  and  preserving  these 
animals  for  the  cabinets  of  the  naturalists  in  the  dilferent 
parts  of  Europe.  The  method  of  doing  this,  as  related  by  Mr. 
Bancroft,  is  to  put  the  bird  which  is  to  be  preserved,  in  a  pro- 
per vessel,  and  cover  him  with  high  wines,  or  the  first  dislilla- 
tion  of  rum.  In  this  spirit  he  is  sulfered  to  remain  for  twenty- 
four  or  forty-eight  hours,  or  longer,  according  to  his  size,  till  it 
has  penetrated  through  every  part  of  his  body.  When  this  is 
done,  the  bird  is  taken  out,  and  his  feathers,  which  are  noways 
changed  by  this  immersion,  are  placed  smooth  and  regular. 
He  is  then  put  into  a  machine  made  for  the  purpose,  Hiiiong  a 
number  of  others  ;  and  his  head,  feet,  wings,  tail,  &e.  are 
placed  exactly  agreeable  to  life.  In  this  posture  they  are  all 
placed  in  an  oven  moderately  heated,  where  they  are  slowly 
dried,  and  will  ever  after  retain  their  natural  position,  without 
danger  of  putrefaction. 

To  make  Pietures  of  Birds,  b>/  Means  of  their  own  Feathers. — 
Get  a  thin  board  or  panel  of  deal,  or  wainscot,  well  seasoned, 
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that  it  may  not  warp.  Paste  white  paper  over  it,  and  let  it 
dry.  Take  any  bird  jou  would  represent,  and  draw  its  outline 
on  the  paper  in  the  attitude  you  desire,  and  of  the  full 
size,  adding  what  landseape,  back  ground,  &,c.  you  wish. 
This  outline,  so  drawn,  is  afterwards  to  be  fdled  up  with 
the  feathers  from  the  bird,  placing  each  feather  in  that  part 
of  the  drawing  corresponding  to  the  part  of  the  bird  it 
was  taken  from.  Cover  now  the  representation  with  several 
coats  of  strong  gum  water,  letting  it  dry  between  each  coat  till 
itis  of  the  thickness  of  a  shilling.  When  your  ground  is  thus 
prepared,  take  the  feathers  oH  from  the  bird,  beginning  at  the 
tail  or  points  of  the  wings,  as  you  must  work  towards  the  head. 
These  feathers  are  prepared  by  cutting  olf  all  the  downy  part; 
and  the  larger  feathers  have  the  insides  of  their  shafts  pared 
off,  to  make  them  lie  Hat.  To  lay  them  on,  use  a  pair  of  small 
pliers  to  hold  them  by  ;  and  moistening  the  gummed  ground 
with  water,  place  each  feallier  in  its  natural  and  proper  situa- 
tion. Keep  each  feather  down,  by  putting  a  small  leaden 
weight  upon  it,  till  you  have  another  prepared  to  lay  on.  Be 
careful  not  to  let  the  gum  come  through  the  feathers,  as  it 
smears  them,  and,  sticking  to  the  bottoms  of  the  weights,  will 
be  apt  to  pull  the  feathers  off.  When  you  have  put  on  all  the 
feathers,  cut  a  piece  of  round  paper,  and  colour  it  like  the  eye, 
wliich  you  may  stick  in  its  place;  but  the  best  way  is  to  get 
eyes  made  of  glass.  The  bill,  legs,  and  feet,  must  be  drawn 
and  coloured  from  nature.  When  itis  finished  and  adjusted  to 
your  mind,  lay  a  sheet  of  paper  upon  it,  and  upon  that  a  heavy 
weight  to  pressit;  which  must  remain  till  the  whole  is  quite  dry. 

BISECTION,  the  division  of  a  quantity  into  tw  o  equal  parts. 

BISSEXTILE,  or  Leap  Yeak,  in  Chronology,  a  year  con- 
sisting of  306  days,  happening  once  every  lour  years,  by 
reason  of  the  addition  of  a  day  in  the  month  of  February,  to 
recover  the  six  hours  which  the  sun  spends  in  iiis  course  each 
year,  beyond  the  365  days  ordinarily  allowed  for  it.  The  day 
thus  added  is  also  called  bissextile  ;  Julius  C:esar  having  ap- 
pointed it  to  be  introduced,  by  reckoning  the  twenty-fourth  of 
February  twice  ;  and  as  this  day,  in  the  old  account,  was  the 
same  as  the  sixth  of  the  calends  of  March,  which  had  been 
long  celebrated  among  the  Romans  on  account  of  the  expulsion 
of  Tarquin,  it  was  called  "  bis  sextus  calendas  Murtii ;"  i.e.  twice 
the  6th  of  the  calends  of  March;  and  from  hence  we  have 
derived  the  name  bissextile. 

By  the  statute  rfc  amio  bissextile,  21  Henry  III.  to  prevent 
misunderstandings,  the  intercalary  day,  and  that  next  before 
it,  are  to  be  accounted  as  one  day. 

The  astronomers  concerned  in  reforming  the  calendar,  by 
order  of  Pope  Gregory  XIII.  in  1582,  observing  that  the  bis- 
sextile in  four  years,  added  forty-four  minutes  more  than  the 
sun  spent  in  returning  to  the  same  point  of  the  zodiac,  and 
computing  that  these  supernumerary  minutes,  in  133  years, 
would  form  a  day  ;  to  prevent  any  changes  being  thus  in- 
sensibly introduced  into  the  seasons,  directed,  that  in  the 
course  of  400  years,  there  should  be  three  bissextiles  re- 
trenched ;  so  that  every  centesimal  year,  which,  according  to 
the  Julian  account,  is  bissextile  or  leap  year,  is  a  common 
year  in  the  Gregorian  account,  unless  the  number  of  centuries 
can  be  divided  by  four  witliout  a  remainder.  Thus  1600  and 
2000  are  bissextile;  1701),  ISOO,  and  I'JOO,  are  common.  But 
with  the  exceptions  of  the  above  even  centuries,  any  year 
which  exactly  divides  by  finir  is  leap  year;  and  when  there  is 
any  remainder,  it  indicates  tlie  number  of  years  since  leap 
year. 

The  Gregorian  computation  was  received  in  most  foreign 
countries,  ever  since  the  rclnrming  of  the  calendar  ;  and  by  act 
of  parliament,  passed  anno  1751,  it  commem^ed  in  all  the 
dominions  under  tlie  crown  of  Great  Britain  in  the  year  fol- 
lowing, ordiring,  that  the  natural  day  following  the  second  of 
Septendier,  should  be  accounted  the  fourteenth  ;  omitting  the 
intermediate  eleven  days  of  the  couunon  calendar. 

BITTS,  a  frame  composed  of  two  strong  pieces  of  timber, 
fixed  perpen<licularly  in  the  fore  part  of  a  ship,  whereon  to 
fasten  the  cables  as  she  rides  at  anchor  ;  in  ships  of  war,  there 
are  usually  tno  pair  of  cable  bitis,  and  when  they  arc  both  used 
at  once,  the  cable  is  said  to  be  double  bitted.  There  are 
several  other  smaller  bitts  ;  as,  the  topsail  sheet  bitts,  paul 
bitls,  earrick  bitts,  &,e. 


BLACK,  an  epithet  applied  to  any  thing  opaque  and  porous, 
which  imbibes  the  greater  part  of  the  light  that  falls  on  it, 
reflects  little  or  none,  and  therefore  exhibits  no  colour. 

Bodies  of  a  black  colour  are  found  more  inllamnmble,  be- 
cause the  rays  of  light  falling  on  them  are  not  reflected  out- 
wards, but  enter  the  body,  and  are  often  reflected  and  refracted 
within  it,  till  they  are  stilled  and  lost  ;  and  all  other  circum- 
stances being  alike,  they  are  also  found  lighter  than  white 
bodies,  being  more  porous. 

A  Prussian  chemist,  (a  Mr.  Salverte,)  in  making  experiments 
to  improve  printers'  ink,  has  discovered  a  process  of  producing 
from  hempseed  oil,  a  new  species  of  black  pigment,  which,  for 
brilliancy  and  intensity  of  colour,  far  exceeds  any  black  known 
heretofore,  and  promises  to  render  Prussian  black  as  distin- 
guished a  colour  as  Prussian  blue  is  at  present.  The  inventor 
has,  we  understand,  not  only  applied  it  to  improve  printers' 
ink,  but  also  to  other  useful  purposes,  particularly  as  a  superior 
and  safe  blacking  for  tanned  leather. 

The  inflamnmbility  of  black  bodies,  and  their  disposition:  to 
acquire  heat  beyond  those  of  other  colours,  are  easily  evinced. 
Some  appeal  to  the  experiment  of  a  white  and  black  glove, 
worn  in  the  same  sun ;  the  consequence  will  be,  a  very 
sensibly  greater  degree  of  heat  in  the  one  hand  than  in  the 
other.  The  same  thing  appears  from  the  phenomena  of  burn- 
ing glasses,  by  which  black  bodies  are  always  found  to  kindle 
soonest;  thus  a  burning  glass,  too  weak  to  have  any  visible 
efi'eet  upon  white  paper,  will  readily  kindle  the  same  paper 
when  rubbed  over  with  ink.  Take  a  large  tile,  and  having 
whited  over  one  half  of  its  superficies,  and  blacked  the  other, 
expose  it  to  the  sun  ;  where  having  let  it  lie  a  convenient  time, 
you  will  find,  that  whilst  the  whited  part  remains  still  cool,  the 
black  part  has  grown  very  hot.  For  farther  satisfaction,  leave 
on  the  surface  of  the  tile  a  part  retaining  its  native  red,  and 
exposing  all  to  the  sun,  you  will  find  the  latter  to  have  con- 
tracted a  superior  heat  in  comparison  of  the  white  part,  but 
inferior  to  that  of  the  black,  ^o  also  (m  exposing  two  pieces 
of  silk,  one  white  and  the  other  black,  in  the  same  window  to 
the  sun,  the  latter  will  be  considerably  heated,  when  the  former 
has  remained  cool.  Rooms  hung  with  black  are  not  only 
darker,  but  warmer  than  others.  Cover  the  bulb  of  a  thermo- 
meter with  a  black  coating  of  Indian  ink,  and  the  mercury  will 
rise  several  degrees. 

BLAGRAVE,  John,  an  eminent  mathematician,  who  flou- 
rished about  the  beginning  of  the  seventeenth  century. 

BLEACHING,  an  art  which  has  been  cultivated  from  time 
immemorial,  is  divided  into  two  branches;  the  bleaching  of 
vegetable,  and  of  animal  substances.  These  being  of  dili'erent 
natures,  require  difierent  processes  for  whitening  them.  Vege- 
tables consist  of  oxygen,  hydrogen,  and  carbon,  of  which  the 
latter  is  in  the  greatest  proportion  ;  animal  substances,  besides 
these,  contain  a  large  quantity  of  azote,  with  phosphorus  and 
sulphur.     Hence, 

'J'o  lileucli  Flax  avtl  Hemj),  which,  if  examined,  will  be  found 
to  consist  of  a  thin  bark,  enveloping  a  green  sap,  then  the  fibres 
or  filaments  that  are  used  in  the  making  of  linen,  and  within 
that  the  woody  part.  The  fibrous  part  only  is  used  in  the 
making  of  cloth,  and  is  separated  from  the  other  substances, 
by  being  first  steeped  in  soft  water,  until  the  putrefactive  fer- 
mentation takes  place,  with  the  succulent  part,  and  is  taken 
out  of  the  water  as  soon  as  the  wood  breaks  easily  between  the 
hands,  while  it  is  yet  green,  and  before  the  whole  of  its  sap  is 
separated.  Well  water,  brackish  water,  and  that  wliich  flows 
over  gypseous  soil,  must  be  avoided,  else  the  putrefaction  will 
be  accelerated,  and  the  texture  of  the  fibres  injured.  It  is  thus 
that  a  small  quantity  of  salt  accelerates  animal  putrefaction, 
while  a  great  deal  ten<ls  to  prevent  it;  and  the  portion  of  saline 
substances  held  in  solution  in  the  water,  hastens  the  corruption 
of  the  filaments,  which  it  blackens  and  spoils.  This  operation 
of  watering  the  flax,  is  tedious  and  noxious;  it  destroys  the 
fish  in  any  stream  that  may  be  used,  and  the  smell  of  the  putre- 
fying plants  is  ofi'ensive.  Modern  chemistry  shortens  this 
process,  and  performs  it  with  less  risk  of  injuring  the  flax,  by 
the  following  process:  If  the  stream  of  a  solution  of  caustic 
alkali  in  water  be  introduced  into  a  chandicr  about  thirty  feet 
squan',  in  which  the  flax  is  suspended,  it  will  |)roduce  the 
same  effect  as  watering,  in  less  time,  with  le.is  expenses,  and 
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less  danger  to  the  flax,  which  is  frequently  injured  by  being 
too  longf  steeped.  Nothing  remains  after  the  watering  is  com- 
pleted, but  the  woody  part,  a  liollow  tube  of  compact  llax.  To 
separate  tliese  stalks,  it  must  be  kiln-dried  to  render  it  brittle, 
but  too  much  heat  must  not  be  applied.  It  is  next  to  be  beaten 
or  broken,  either  by  manual  labour  with  mallets  on  wooden 
anvils,  as  in  the  houses  of  correction,  or  by  mills  for  the  pur- 
pose. By  this  means  the  flax  is  divided  into  small  fibres,  and 
most  of  the  wood  reduced  to  small  fragments,  which  are  cleared 
away  by  scutching  or  threshing. 

Hackling,  the  last  process,  is  nothing  more  than  combing 
the  flax  in  small  parcels  at  a  time  through  a  pile  of  polished 
sharp  iron  spikes,  placed  pretty  close  together,  in  a  wooden 
board  ;  the  first  hackle  is  coarse,  the  second  finer,  and  the 
third  finer  again.  The  process  of  hackling  divides  the  fibres 
of  the  flax  from  each  other  ;  it  detaches  the  minute  fragments 
of  wood  which  escaped  the  scutching,  and  it  separates  the  tow 
from  the  short  coarse  flax.  The  flax  is  now  ready  to  be  spun 
into  thread  or  yarn,  which  is  afterwards  manufactured  into 
cloth. 

To  Bleach  Linen  Clotk. — The  linen,  as  it  comes  from  the 
loom,  is  charged  with  the  weaver's  dressing,  a  paste  of  flour 
and  water,  to  make  it  stretch  more  easily.  To  discharge  tiiis, 
the  linen  must  be  steeped  48  hours  in  water,  till  the  extra- 
neous substance  is  decomposed  by  fermentation.  Some 
bleachers  boil  the  linen  in  water :  but  improperly,  for  paste  is 
not  soluble  in  boiling  water.  When  the  linen  is  well  washed 
and  rinsed,  after  the  last  process,  it  is  of  a  grayish  white  colour, 
the  fibres  of  which  it  is  composed  are  naturally  very  white. 
And  to  separate  matter  that  discolours  the  linen,  is  the  busi- 
ness of  bleaching.  This  gray  substance  is  of  a  resinous  nature, 
insoluble  in  water,  and  from  its  intimate  union  with  the  very 
fibres  of  the  flax,  it  is  difficult  of  separation,  even  by  substances 
that  have  a  solvent  power. 

Alkaline  ieys.  or  solutions  of  alkali  rendered  caustic,  have 
the  property  of  dissolving  resins,  and  are  employed  as  men- 
strua for  this  purpose.  Alone  they  are  not  sutflcient  to  com- 
plete the  process  of  bleaching.  What  appears  a  single  fibre 
of  flax  in  gray  linen,  is  composed  of  a  bundle  of  minute  fila- 
ments, closely  cemented  by  the  resinous  matter :  therefore  the 
potash  first  acts  upon  the  resin  of  the  external  coating  of  the 
filaments ;  they  are  thus  loosened  or  separated,  and  exposed  to 
the  further  action  of  the  air.  The  second  boiling  of  potash 
opens  a  second  layer,  and  thus  successively  layer  by  layer, 
till  the  whole  is  opened  to  the  centre.  If  the  alkaline  solution 
were  sufficiently  strong  to  force  its  way  at  once  to  the  centre, 
it  would  act  upon  the  filaments,  and  destroy  the  texture  of 
the  cloth.  Each  filament,  after  the  alkaline  process,  retains 
an  impregnation  of  colouring  matter,  so  intimately  united  as  to 
resist  its  further  action.  This  can  only  be  removed  by  the 
gradual  influence  of  the  atmosphere,  according  to  the  old 
method  of  bleaching,  or  by  the  modern  improvement  of  using 
oxygenated  muriatic  acid.  To  explain  the  principle  by 
vvhich  this  latter  part  of  the  process  is  ellectcd,  we  must  con- 
sider that  the  resin,  which  forms  the  colouring  matter  of 
unbleached  linen,  is  composed  chiefly  of  carbon  and  hydrogen: 
this  is  partly  dissolved  by  the  alkaline  ley,  and  what  remains 
becomes  united  to  the  oxygen  of  the  atmosphere,  flying  otf  in 
the  state  of  carbonic  acid  gas,  or  remaining  as  water.  The  old 
manner  of  bleaching  was  tedious,  two  or  three  months  being 
necessary  to  give  the  cloth  its  pure  whiteness.  The  simplicity 
of  the  process,  however,  and  the  scanty  apparatus  it  requires, 
recommends  it  to  people  who  make  their  own  cloth,  particu- 
larly in  Scotland  and  Ireland. 

The  iiiethod  of  bleaching  by  the  action  of  the  atmospheric 
air  is  this  :— After  steeping  the  linen  as  mentioned  above,  to 
remove  the  weaver's  dressing,  the  pieces  of  cloth  are  dried, 
and  then  submitted  to  the  operation  of  bucking.  For  this  pur- 
pose a  ley  is  prepared,  by  dissolving  a  quantity  of  potash*  in 
soft  water,  to  which  some  soap  is  added.  This  liquor  is  heated 
to  about  100  degrees,  and  poured  upon  the  linen.     After  the 


•  It  is  most  economical  to  render  it  caustic  for  tlie  purpose  of  bleacliiuj. 
This  is  done  tiy  adding   quicklime  to  the  mild  potasli,  Ihe  former  liaviug'a 
stronger  affinity  for  tlie   carbonic  acid  than   the   latter.     But   care  mustbe    ! 
taken  not  to  use  the  alkali  too  strong. 
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cloth  is  well  down  in  the  ley,  it  is  drawn  ofl",  heated  a  little 
higher,  and  again  poured  upon  the  linen.  This  operation  is 
repeated  at  successive  intervals,  allowing  the  ley  to  remain 
longer  each  time,  moderately  increasing  the  heat  for  about  six 
hours.  The  cloth  is  then  left  steeping  for  about  four  hours, 
when  it  is  taken  out,  rinsed,  and  carried  to  the  fields,  w  here 
it  is  spread  upon  the  grass,  and  secured  by  pins  ;  water  is 
sprinkled  on  it  to  keep  it  moist  for  some  hours.  After  it  has 
lain  half  a  day,  the  watering  is  less  frequent,  and  at  night  it  is 
left  to  the  dews.  On  the  succeeding  days  it  is  watered  three 
or  four  times,  if  the  weather  be  dry,  and  then  it  remains  on 
the  field  till  the  air  seems  to  have  little  ellect  in  whitening.  It 
is  then  brought  back  to  the  coppers,  and  bucked  again  with  a 
ley  somewhat  stronger  than  the  last,  rinsed,  and  again  spread 
it)  the  field.  It  is  thus  alternately  bucked  and  watered  from 
ten  to  fifteen  times,  according  to  the  state  of  the  weather, 
making  the  bucking  stronger  and  stronger,  till  about  the  middle, 
and  then  weaker  and  weaker  till  towards  the  conclusion  of  the 
operation.  It  must  now  I.e  soured,  or  steeped,  in  some  acid 
liquor.  The  acid  which  has  been  usually  employed  for  souring, 
is  formed  by  the  fermentation  of  bran  and  water ;  sour  whey 
has  sometimes  been  used.  But  sulphuric  acid  very  much 
diluted,  has  been  found  more  convenient,  and  not  more  injuri- 
ous. The  cloths  are  kept  in  the  souiing  for  about  six  days,  if 
the  liquor  be  formed  of  milk  or  bran,  or  a  less  time  when  sul- 
phuric acid  is  used.  They  are  then  rubbed  with  soap,  parti- 
cularly the  selvages,  as  these  resist  most  the  action  of  the  air. 
It  is  again  bucked,  rinsed,  watered,  and  exposed  to  the  atmo- 
sphere, and  these  processes  are  successively  repeated,  till  the 
linen  has  acquired  its  proper  degree  of  whiteness. 

To  bleach  by  the  oxygenated  muriatic  acid.— The  oxygen- 
ated muriatic  acid  is  only  a  combination  of  muriatic  acid  and 
oxygen.  All  vegetable  colours  are  influenced  by  this  acid,  and 
whitened  with  more  or  less  celerity;  the  colouring  matter 
undergoes  a  real  but  slow  combustion,  which  terminates  by 
the  formation  of  carbonic  acid  gas,  that  escapes  into  the  atmo- 
sphere. In  whatever  manner  the  oxygenated  muriatic  acid  is 
procured,  the  oxygen  adheres  to  it  very  weakly,  and  upon  this 
property  depends  the  possibility  of  producing  speedily,  in  manu- 
factories, that  action  of  bleaching  which  tlie  atmosphere  pro- 
duces slowly.  The  method  of  bleaching  by  oxygenated  muriatic 
acid  was  quickly  and  successively  introduced  into  the  manu 
factories  of  Manchester,  Glasgow,  Rouen,  Valenciennes,  and 
Courtray;and  it  has  since  been  generally  adopted  in  Great 
Britain,  Ireland,  France,  and  Germany.  The  advantages  that 
result  from  this  method,  which  accelerates  the  process  of  w  hiten- 
ing  cottons,  linens,  paper,  &c.  to  a  really  surprising  degree,  in 
every  season  of  the  year,  can  be  justly  appreciated  by  commer- 
cial people  only,  who  experience  its  beneficial  effects  in  many 
ways,  but  particularly  in  the  quick  circulation  of  their  capitals. 
To  save  the  expense  of  first  preparing  the  muriatic  acid,  yon 
may  mix  with  the  oxyde  of  manganese,  muriate  of  soda,  or  com- 
mon salt,  and  sulphuric  acid  diluted  with  water.  The  sulphuric 
acid  acts  upon  the  salt,  and  disengages  from  it  the  muriatic 
acid,  which  is  oxygenated  by  the  oxyde  of  manganese.  The 
proportions  observed,  when  cotton  is  the  article  to  be  bleached, 
are,  manganese,  30  parts ;  common  salt,  .SO ;  sulphuric  acid, 
60  ;  water,  120.  For  linen-cloth,  the  proportions  are  as  follow  : 
manganese,  liO  parts;  salt,  60;  sulphuric  acid,  50;  water, 
50.  The  better  llicse  substances  are  combined,  the  more  easily 
will  Ihe  acid  gas  be  disengaged  by  the  action  of  the  sulphuric 
acid. 

To  ascertain  the  strength  of  the  acid  for  bleaching,  a  solu- 
tion of  indigo  in  the  sulphuric  acid  is  employed.  Tlie  colour 
of  this  is  destroyed  by  the  oxygenated  muriatic  acid,  and, 
according  to  the  ([uaniity  of  it  that  can  be  discoloured  by  a 
given  quantity  of  the  litjuor,  its  strength  is  determined.  Cloth 
is  prepared  for  immersion  in  oxygenated  water,  by  first  soak- 
ing it  in  a  ley  of  weak  potash,  and  rinsing  it  afterwards  in 
water,  to  free  it  completely  from  the  weaver's  dressing,  and 
the  saliva  of  the  spinners.  In  this  country,  machinery  is 
employed  for  rinsing  and  beating ;  the  apparatus  must  be 
arranged  according  to  the  objects  to  be  bleached;  the  skeins 
of  thread  sus|iendrd  in  the  tub  destined  for  them,  and  the  cloth 
rolled  upon  reels  in  llie  aparatus.  When  every  thing  is  thus 
disposed,  the  tubs  are  filled  with  oxygenated  muriatic  acid,  by 
2  V 
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introducing  a  funnel,  which  descends  to  the  bottom  of  the  tub, 
in  order  to  prevent  the  dispersion  of  the  ^as.  The  cloth  is 
wound,  or  the  frame-work  on  which  the  skeins  are  suspended 
is  turned  several  times,  until,  by  taking;  out  a  small  quantity  of 
the  liquor  from  time  to  time,  and  trying  it  by  the  test  of  the 
solution  of  indigo,  it  is  judfjed  that  it  is  sufliciently  exhausted. 
The  weakened  liquor  is  then  drawn  oft',  and  may  be  again 
employed  for  another  saturation.  Experience  proves  that  the 
use  of  the  oxygenated  muriatic  acid  alone  weakened  the  cloth, 
and  various  methods  of  preventing  its  noxious  ellects  upon  the 
health  of  the  workmen  were  tried,  till  it  was  discovered  that 
an  addition  of  alUali  to  the  liquor  destroyed  its  sullocating 
effects,  without  injuring  its  bleaching  powers.  The  process 
began  then  to  be  carried  on  in  open  vessels,  and  has  since 
been  continued  in  this  manner.  The  bleacher  is  now  able  to 
work  his  pieces  in  the  liquor,  and  to  expose  every  part  of 
them  to  its  action,  without  risk  or  inconvenience. 

Potash  was  at  first  used  for  tliis  purpose;  and  although  this 
advantage  was  unquestionably  great,  it  was  diminished  by  the 
heavy  expense  of  the  alkali,  which  was  entirely  lost.  It  was 
afterwards  discovered  that  the  oxymuriatic  acid  might  be  com- 
bined with  the  alkaline  earths,  as  lime  and  barytes,  and  also 
with  magnesia,  by  this  means  forming  oxymuriates,  which  were 
soluble  in  water,  and  had  the  property  of  bleaching.  The 
oxymuriate  of  lime  is  at  present  used  in  almost  all  the  bleach- 
ing grounds.  If  the  oxygenated  acid  be  passed  tlirough  lime 
water,  it  combines  with  the  lime,  and  forms  oxymuriate  of 
lime;  but  as  the  water  can  only  retain  a  small  portion  of  lime, 
to  cause  a  larger  quantity  of  lime  to  combine  with  the  oxymu- 
riatic acid  gas,  the  lime  must  be  mechanically  suspended  in 
tlie  water,  into  which  the  gas  is  made  to  pass,  and  agitated,  so 
as  to  present  fresli  matter  to  the  gas.  By  this  means  the 
oxymuriate  of  lime  is  dissolved  in  water,  and  used  as  a 
bleaching  liquor  preferable  to  the  oxygenated  muriatic  acid 
and  potash.  At  the  great  bleach-fields  in  Ireland,  four  leys  of 
potash  are  applied  alternately  with  four  weeks'  exposure  on 
the  grass,  two  immersions  in  the  oxygenated  muriate  of  lime, 
a  ley  of  potash  between  the  two,  and  the  exposure  of  a  week 
on  the  grass,  between  each  ley  and  the  immersions.  During 
summer,  two  leys,  and  fifteen  days'  exposure,  prepare  cloth 
for  the  action  of  the  oxygenated  muriate;  then  three  alter- 
nate leys,  with  immersions  in  the  liquor,  complete  the  bleach- 
ing, and  nothing  then  will  be  necessary,  but  to  wind  the  cloth 
through  the  sulphuric  acid.  The  oxygenated  muriatic  acid 
gas  may  also  be  combined  with  lime  iu  a  dry  state,  or  the  water 
may  be  evaporated  when  it  is  employed  for  the  formation  of 
oxymuriates,  which  may  then  be  very  conveniently  transported 
to  any  distance  without  injury  to  its  detersive  power. 

The  sulphuret  of  lime,  or  the  combination  of  sulphur  and 
lime,  which  are  both  cheap  articles,  answer  the  purposes  of 
potash  in  bleaching  ;  it  is  useful  in  some  eases,  in  others  it  will 
not  supersede  the  use  of  alkali.  To  prepare  the  sulphuret  of 
lime  for  the  purpose  of  bleaching:  Take  sulphur  of  brim- 
stone, in  fine  (jowder,  four  pounds  ;  lime,  well  slaked  and  sifted, 
twenty  pounds  ;  water,  sixteen  gallons;  mix  these  well,  and 
boil  them  for  half  an  hour  in  an  iron  vessel,  stirring  them 
briskly.  Soon  after  the  agitation  of  boiling  is  over,  the  siiln- 
tion  of  the  sulphuret  of  lime  clears,  and  may  be  drawn  oft' free 
from  the  insoluble  matter,  which  rests  upon  the  bottom  of  the 
boiler.  The  liquor,  in  this  state,  is  of  the  colour  of  small-beer, 
but  not  so  transparent.  Sixteen  gallons  of  fresh  water  are 
afterwards  poured  upon  the  insoluble  dregs  in  the  boiler,  to 
separate  the  remaining  sulphuret  from  them.  When  it  clears, 
it  is  drawn  olf,  and  mixed  with  the  first  liquor;  to  these  again 
thirty-three  gallons  more  of  water  maybe  added,  which  will 
reduce  the  li(|Uor  to  a  proper  standard  for  steeping  the  cloth. 
Thus  you  have  sixty  gallons  of  liquor  from  four  pounds  of 
brimstone.  When  linen  has  been  freed  from  the  weaver's 
dressing,  in  the  manner  already  described,  it  is  to  be  steeped 
in  the  solution  of  sulphuret  of  lime  (prepared  as  we  have 
described)  for  about  twelve  or  eighteen  hours,  then  it  is  to  be 
taken  out  and  well  washed.  When  dry,  it  is  to  be  steeped  in 
the  oxymuriate  of  lime  for  about  fourteen  hours,  and  then 
washed  and  dried.  To  whiten  the  linen,  this  process  is  to  be 
repeated  during  six  alternate  innncrsions  in  each  liquor. 

The  rationale  of  these  processes  is  the  following:     The  oxy- 


genated liquor  supplies  to  the  cloth  the  place  of  the  atmo- 
spheric air,  and  this  in  greater  abundance,  and  in  a  state  which 
renders  its  action  on  the  cloth  more  expeditious  and  more 
complete.  By  the  union  of  the  oxygen  with  the  carbon  of  the 
cloth,  carbonic  acid  is  formed,  and  flies  olf;  and  the  cloth 
becomes  white. 

To  bleach  by  steam. — As  the  action  of  steam  alone  does  not 
bleach,  the  concurrence  of  oxygen  is  necessary  to  aid  tlie  com- 
position of  the  carbonic  acid  ;  for  this  acid  requires  for  its  for- 
mation, 28  parts  of  carbon,  saturated  with  72  of  oxygen  ;  but  all 
the  oxygen  in  the  apparatus  would  not  be  sufticient  to  saturate 
the  colouring  matter  burnt  by  the  alkaline  combustion,  and 
converted  into  carbon;  this  deficiency  is  supplied  by  immer- 
sion in  any  oxygenated  liquor  whatever,  and  the  dispersion  of 
the  elastic  fluid  thus  formed  is  then  facilitated  by  expo- 
sure on  the  grass.  To  bleach  cloth  in  this  manner,  it  must  be 
immersed  in  a  slight  alkaline  caustic  liquor,  and  placed  in  a 
chamber  constructed  over  a  boiler,  into  which  is  put  the  alka- 
line ley  which  is  to  be  raised  into  steam.  After  the  lire  has 
been  lighted,  and  the  cloth  exposed  to  the  action  of  the  steam 
for  a  sufficient  time,  it  is  taken  out,  and  immersed  in  the  oxy- 
genated muriate  of  lime,  and  afterwards  exposed  for  two  or 
three  days  on  the  grass.  This  operation,  which  is  very  expe- 
ditious, will  be  suflieient  for  cotton  ;  but  if  linen  cloth  should 
still  retain  a  yellow  tint,  a  second  alkaline  caustic  vapour  bath, 
and  two  or  three  days  on  the  grass,  «ill  be  suHicient  to  give 
it  the  necessary  degree  of  whiteness.  For  the  use  of 
private  families,  when  the  linen  is  dirtied  by  perspiration  or 
grease,  laundresses  would  do  well  to  steep  it  for  some  time  in 
clear  water,  made  by  mixing  one  quart  of  quicklime  in  ten 
gallons  of  water,  letting  the  mixture  stand  twenty-four  hours, 
and  then  using  the  clean  water  drawn  from  the  lime.  This 
whitens  beautifully  without  injuring  the  cloth.  The  linen  in 
many  families  is  all  washed  in  this  manner.  It  is  to  be  washed 
as  usual,  but  will  require  much  less  soap  to  be  used. 

To  bleach  Cotton,  requires  not  the  same  preparations  as  hemp 
and  flax.  The  first  operation  is  scouring  it  in  a  slight  alkaline 
solution,  or  by  exposure  to  steam.  It  is  afterwards  put  in  a 
basket,  and  rinsed  in  running  water.  The  immersion  of  cotton 
in  an  alkaline  ley,  how  well  soever  it  may  be  rinsed,  always 
leaves  with  it  an  earthy  deposit.  Cotton  bears  the  action  of 
acids  better  than  hemp  or  flax;  and  time  is  even  necessary 
before  their  action  can  be  prejudicial  to  it.  Hence,  by  press- 
ing it  down  in  a  very  weak  solution  of  sulphuric  acid,  and 
afterwards  renewing  the  acid  by  washing,  lest,  remaining  too 
long  in  it,  the  cotton  should  be  destroyed  ;  all  the  earthy  matter 
is  removed  from  it. 

To  bleach  Wool. — Wool  is  a  kind  of  hair,  with  which  the  bodies 
of  some  animals  are  covered,  and  is  composed  of  filaments  or 
tubes,  filled  with  an  oily  or  medullary  substance.  Tlie  sides  of 
these  tubes  are  perforated  with  a  multitude  of  small  pores,  which 
communicate  with  a  longitudinal  tube.  By  chemical  analysis, 
wool  gives  a  great  deal  of  oil,  and  carbonate  of  ammonia ; 
caustic  alkaline  leys  dissolve  it  entirely.  It  undergoes  no 
change  in  boiling  water ;  and  scarcely  alters  when  preserved 
in  a  place  well  aired;  acids  have  very  little  action  on  it;  and 
when  exposed  to  a  strong  heat,  it  enters  into  fusion.  The 
little  action  which  acids  have  upon  wool,  and  its  unaltcrable- 
ness  in  water,  even  when  aided  by  heat,  render  it  necessary  to 
have  recourse  to  alkaline  or  saponaceous  leys  ;  but  its  solidity 
in  these  salts  shews,  that  great  prudence  and  caution  must  be 
employed  in  their  use.  In  regard  to  acids,  none  have  been 
hitherto  used  but  sulphureous  acid,  obtained  in  the  gaseous 
state  by  coiid)Usti(ui. 

In  llie  prelinunary  operations  to  which  wool  is  subjected,  a 
little  of  its  grease  is  left,  to  secure  it  from  insects.  Wool  is 
often  fr<'ed  from  the  grease  by  farmers,  who  wish  to  sell  it  at  a 
high  price  ;  but  in  the  subsequent  miinipuUitions,  it  is  greased 
before  it  is  combed  and  spun,  and  as  this  fat  matter  attracts 
dust,  it  dirties  ami  thickens  the  stulls.  The  first  kind  of 
blca('liing  wool  receives,  frees  it  from  th<-sc  impurities.  This 
operation,  called  scouring,  is  generally  performed  by  means  of 
an  amnioniaeal  ley,  formed  of  five  measures  of  river  water  and 
one  of  stale  urine  ;  the  wool  is  immerse<l  for  about  twenty 
I'liimtes  in  a  bath  of  this  mixture,  licatod  to  fifty-six  degrees  ; 
it  is  then  taken  out,  sulfered  to  drain,  and  then  rinsed  in  rua- 
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ning  water:  tliis  process  softens  the  wool,  and  i;ives  it  the  first 
degree  of  whiteness  ;  it  is  thrice  repeated,  after  which  the  wool 
may  be  employed.  In  some  places,  scouring  is  performed 
with  water  slightly  impregnated  with  soap ;  and  indeed,  for 
valuable  articles,  this  is  the  preferable  process,  but  it  is  expen- 
sive for  articles  of  less  value. 

Fulling  the  clotli  adds  still  to  the  whiteness ;  and,  if  an 
increased  degree  be  necessary,  it  may  be  procured  by  the 
action  of  the  sulphureous  acid  ;  or  of  the  fumes  of  sulphur  in  a 
state  of  combustion,  or  the  vapour  of  tliat  acid  condensed  and 
combined  with  water. 

Sulphuring  is  performed  in  an  arched  chamber,  constructed 
in  such  a  manner,  that  the  articles  exposed  to  the  action  of  the 
sulphur  can  be  suspended.  The  chamber  being  filled,  a  certain 
quantity  of  sulphur  is  placed  in  it  in  a  state  of  combustion,  in 
flat  dishes,  the  entrance  is  shut,  and  all  the  interstices  around 
tlie  door  stopped,  to  prevent  the  access  of  the  atmospheric  air. 
The  acid,  generated  by  the  combustion  of  the  sulpliur,  pene- 
trates the  stuft's,  attacks  and  destroys  the  colouring  matter, 
and  effects  the  bleaching.  The  stufls  are  left  in  the  stoves 
from  six  to  twenty-four  hours  afterwards.  They  are  then 
taken  out,  and  passed  through  a  slight  washing  with  soap,  to 
remove  the  roughness  they  have  acquired  by  the  action  of  the 
acid,  and  to  give  them  the  necessary  softness.  But  then  this 
process  is  imperfect.  At  first,  the  acid  of  the  sulphur  acts 
only  on  the  surfaces,  and  does  not  penetrate.  This  aerial 
immersion  is  not  sufficient;  the  gas  cannot  introduce  itself  to  a 
sutficient  depth  into  the  stutls,  and  the  superficies  only  is 
whitened. 

A  superior  method  has  been  invented,  which  is,  by  making 
use  of  sulphureous  acid  ;  which  is  generated  by  the  imperfect 
combustion  of  sulphur,  and  differs  from  the  sulphuric  acid,  (oil 
of  vitriol,)  by  containing  less  of  the  acidifying  principle.  It  is 
the  mean  between  sulphur  and  the  sulphuric.  Sulphureous 
acid  gas  unites  easily  with  water,  and  in  this  combination  is 
employed  for  bleaching  wool  or  silk.  The  sulphureous  acid  in 
this  liquid  state,  may  be  prepared  by  passing  it  through  water 
in  an  apparatus  nearly  similar  to  that  used  for  preparing  oxy- 
genated muriatic  acid.  Tlie  cheapest  method  of  obtaining  it, 
is  to  decompose  sulphuric  acid  by  the  mixture  of  some  com- 
bustible capable  of  taking  from  it  parts  of  its  oxygen.  In 
experimental  chemistry,  it  is  obtained  by  means  of  metallic 
substances  with  great  purity,  and  particularly  by  mercury  ;  but 
for  bleaching,  and  where  great  economy  is  required,  we  would 
recommend  the  most  common  substances,  and  the  following 
process.  Take  chopped  stiaw,  or  saw-dust,  and  introduce  it 
into  a  mattress;  pour  over  it  sulphuric  acid,  applying  at  the 
same  time  heat,  and  there  will  be  disengaged  sulphureous 
acid  gas,  (vapour  of  sulphur,)  which  may  be  combined  with 
water  in  the  apparatus.  The  pieces  are  rolled  upon  reels,  and 
drawn  through  the  sulphureous  acid,  by  turning  them,  until 
the  whiteness  is  sufliciently  bright.  They  are  then  taken  out, 
and  drained  on  a  bench  covered  with  cloth,  lest  they  should  be 
stained  by  the  decompo.sition  of  the  wood  and  the  sulphureous 
acid.  They  are  next  washed  in  river  water,  and  Spanish 
white  is  employed,  if  necessary.  This  operation  is  performed 
by  passing  the  pieces  through  a  tub  of  clear  water,  in  which 
eight  pounds  of  Spanish  white  have  been  dissolved.  To  obtain 
a  fine  whiteness,  the  siulls  are  twice  sulphured.  This  process 
is  completed  in  one  inmiersion,  and  a  reeling  of  two  or  three 
hours. 

To  azure  or  blue  the  cloth,  you  throw,  into  the  Spanish  white 
liquor,  a  solution  of  one  part  of  Prussian  blue  to  400  parts  of 
water  ;  shake  the  cloth  in  the  liquid,  and  reel  it  rapidly.  Then, 
by  a  slight  washing  with  soap,  to  give  softness  and  pliability 
to  the  stufls,  the  operation  is  terminated.  The  final  operations 
of  drying,  stretching,  pressing,  &c.  have  all  been  illustrated  in 
what  has  been  said  of  dyeing  and  bleaching  linen;  for  the 
directions  vary  so  little  in  both,  that  it  would  be  but  a  repeti- 
tion to  detail  here  what  the  reader  is  already  acquainted  with. 

To  bleach  Silk. — Silk  is  a  semi-transparent  matter,  spun  by 
a  caterpillar,  and  formed  of  a  substance  contained  in  its  body, 
which  becomes  hard  in  the  air.  The  filaments,  prepared  by 
the  silk-Horm,  are  rolled  up  in  a  ball,  and  in  this  state  it  is 
covered  with  a  yellow  varnish,  that  destroys  its  brilliancy, 
and  renders  it  tough.     By  chemical  analysis,  silk  gives  carbo- 


nate of  ammonia  and  oil  ;  boiling  water  produces  no  effect 
upon  it ;  alcohol  makes  it  experience  no  change,  but  concen- 
trated alkaline  leys  attack  and  dissolve  it.  To  give  splendour 
to  silk,  it  must  be  freed  from  its  varnish.  This  covering  is 
soluble  in  alkaline  leys.  Silk  is  usually  scoured  by  soap,  when 
it  loses  one-fourth  of  its  weight.  The  matter  disengaged  has 
a  fetid  smell,  and  if  the  silk  be  not  rinsed  in  plenty  of  water 
putrid  fermentation  takes  place.  Even  the  least  soap  injures 
the  whiteness  of  the  silk.  This  is  proved  by  the  fact,  that  the 
splendour  of  the  Chinese  silks  is  brighter  than  that  of  the 
European  ;  and  the  Chinese  employ  no  soap  in  their  operations. 
A  slightly  alkaline  ley  will  dissolve  the  varnish  of  the  silk  with- 
out using  soap  ;  and  this  has  also  been  effected  by  the  action 
of  boiling  water  at  a  very  high  temperature. 

The  following  method  has  been  used  very  successfully  in 
France.  Take  a  very  weak  solution  of  caustic  soda,  and  fill 
with  it  the  boiler  of  the  apparatus  for  bleaching  "lith  steam. 
Charge  the  frames  with  skeins  of  raw  silk,  place  them  in  the 
apparatus  until  it  is  full  ;  then  close  the  door,  and  make  the 
solution  boil.  Having  continued  the  ebullition  for  twelve 
hours,  slacken  the  fire,  and  open  the  door  of  the  apparatus. 
The  heat  of  the  steam,  which  is  always  above  'Z'jO  degrees,  will 
have  freed  the  silk  from  the  gum,  and  scoured  it.  Wash  the 
skeins  in  warm  water,  wring  them,  place  them  again  on  the 
frame  in  the  apparatus,  and  make  the  whole  boil  a  second 
time.  Wash  them  now  several  times  in  water,  and  immerse 
them  in  soapy  water  to  give  them  softness.  But  the  whiteness 
which  silk  acquires  by  these  operations,  is  carried  to  a  higher 
degree  of  splendour  by  exposing  the  material  to  the  action  of 
sulphureous  acid  gas,  in  a  close  chamber,  or  by  immersing  it  in 
sulphureous  acid,  as  we  have  explained  for  whitening  wool. 

To  bleach  Prints,  and  printed  Books.— The  new  mode  of 
bleaching  has  been  applied  to  the  whitening  of  books  and  prints 
that  have  been  soiled  by  smoke  and  time,  and  therefore  it  will 
be  proper  that  we  here  explain  this  process.  To  whiten  an 
engraving,  immerse  it  in  oxygenated  muriatic  acid,  letting  the 
article  remain  in  it  a  longer  or  shorter  space  of  time,  according 
to  the  strength  of  the  liquid.  To  whiten  the  paper  of  a  bound 
book,  all  the  leaves  must  be  moistened  by  the  acid,  and  there- 
fore care  must  be  taken  to  open  the  book,  and  making  the 
boards  rest  on  the  edge  of  the  vessel,  so  that  the  paper  alone 
shall  be  dipped  in  the  liquid  :  the  leaves  must  be  separated 
from  each  other,  to  be  equally  moistened  on  both  sides.  In 
the  same  proportion  as  the  liquor  assumes  a  yellow  tint,  the 
paper  becomes  white.  In  about  three  hours,  the  book  must 
be  taken  from  the  acid  liquor,  and  the  leaves  plunged  into  pure 
water,  with  the  same  care  and  precaution  as  recommended  in 
regard  to  the  acid  liquor,  so  that  the  water  touch  only  the  two 
surfaces  of  each  leaf.  The  w  ater  must  be  renewed  every  hour, 
to  extract  the  remaining  acid,  and  dissipate  the  unpleasant 
smell.  By  this  process,  there  is,  however,  some  danger  that  the 
pages  may  not  be  all  equally  white,  either  because  the  leaves 
have  not  been  sufficiently  separated,  or  because  the  liquid  has 
had  more  action  on  the  exterior  margins  than  those  near  the 
binding.  The  best  way  is  to  destroy  the  binding,  and  each 
leaf  will  thereby  receive  an  equal  and  perfect  immersion  ;  this 
second  process  is  thus  described  by  Chaptal. 

"  They  begin,"  says  he,  "by  unsewing  the  book,  and  sepa- 
rating it  into  leaves,  which  they  place  in  cases  formed  in  a 
leaden  tub,  with  very  thin  slips  of  wood,  or  glass,  so  that  the 
leaves,  when  laid  flat,  are  separated  from  each  other  by  inter- 
vals scarcely  sensible.  The  acid  is  then  poured  in,  making  it 
fall  on  the  sides  of  the  tub,  in  order  that  the  leaves  may  not  be 
deranged  by  its  motion.  Wiien  the  workman  judges,  by  the 
whiteness  of  the  paper,  that  it  has  been  suflieiently  acted  upon 
by  the  acid,  it  is  drawn  off  by  a  cock  at  the  bottom  of  the  tub, 
and  its  place  is  supplied  by  clear  fresh  water,  which  weakens 
and  carries  off  the  remains  of  the  acid,  as  well  as  the  strong 
smell.  The  leaves  are  then  to  be  dried,  and  after  being  pressed, 
may  be  again  bound  up. 

"  The  leaves  may  be  placed  also  vertically  in  the  tub  ;  and 
this  position  seems  to  possess  some  advantage,  as  they  will  be 
less  liable  to  be  t<irn.  With  this  view  I  constructed  a  wooden 
frame,  ubich  I  adjusted  to  the  proper  height,  according  to  the 
size  of  the  leaves  which  I  wished  to  whiten.  This  frame  sup- 
ported very  thin  slips  of  wood,  leaving  only  the  space  of  half  a 
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line  betncCD  tlieni.  I  placed  two  leaves  in  each  of  these 
intervals,  and  kept  them  fixed  in  their  place  by  two  small 
wooden  wedges,  which  I  pushed  in  between  the  slips.  \Yhen 
the  paper  was  whitened,  I  lilted  np  the  frame  with  leaves,  and 
pluiiicd  them  to  remove  the  remains  of  the  acid,  as  well  as  the 
smell  ;  this  process  I  prefer  to  the  other. 

"  I5j  this  operation  books  are  not  only  cleaned,  but  the  paper 
acquires  a  decree  of  whiteness  superior  to  what  it  possessed 
when  first  made.  The  use  of  this  acid  is  attended  also  with 
the  valuable  adxantage  of  destroying  ink  spots.  This  liquor 
has  no  action  upon  spots  of  oil  or  animal  grease:  but  it  has 
been  long  known  that  a  weak  solution  of  potash  will  effectually 
remove  stains  of  that  kind. 

"  AVlien  I  had  to  repair  prints  so  torn  that  tliey  e.Nhihitcd 
only  scraps  pasted  upon  other  paper,  I  was  afraid  of  losing 
these  fragments  in  the  liquid,  because  the  paste  became  dis- 
solved. In  such  cases  I  enclosed  the  prints  in  a  cylindric  glass 
vessel,  which  I  inverted  on  the  water  in  which  I  had  put  the 
mixture  proper  for  extricating  the  ox\geniited  muriatic  acid 
gas.  This  vapour,  by  filling  the  whole  inside  of  the  jar,  acted 
upon  the  print ;  extracted  the  grease  as  well  as  ink  spots  ;  and 
the  fragments  remained  pasted  to  the  paper." 

To  prepare  Oxygenated  Muriatic  Acid  by  an  easy  Method. — 
To  osj'sreuate  the  muriatic  acid,  dilute  it,  and  mix  it  in  a  very 
strong  glass  with  manganese,  so  that  the  mixture  may  not 
occupy  the  whole  contents  of  the  glass.  Air  bubbles  are  formed 
on  the  surface  of  the  liquor;  the  empty  space  becomes  filled 
with  a  greenish  vapour  ;  and  at  the  end  of  some  hours  the 
acid  may  he  farther  diluted  with  water,  and  then  used.  It  will 
have  an  acid  taste,  because  the  whole  has  not  been  saturated 
with  oxygen  ;  but  it  will  possess  the  qualities  of  the  oxygena- 
ted nmriatic  acid.  This  process  may  he  adopted  when  there  is 
not  time  to  set  up  an  apparatus  for  distilling,  to  procure  the 
oxvgcnaled  acid. 

To  bleach  Paper.- — The  oxygenated  muriatic  acid  has  also 
been  applied  to  bleach  paper,  being  more  expeditious.  If  we 
were  to  bleach  old  printed  papers,  to  be  worked  up  again,  we 
must  boil  tlicm  for  an  instant  in  a  solution  of  soda,  rendered 
caustic  by  potash.  Then  steep  them  in  soap-water,  and  then 
wash  them,  after  which  the  whole  may  be  reduced  to  a  pulp  by 
the  paper-mill. 

To  bleach  old  written  papers  to  be  worked  up  again,  v.e 
steep  them  in  a  cold  solution  of  sulphuric  acid  in  water,  after 
which  we  wash  them  before  they  are  taken  to  the  mill.  The 
acidulated  w  ater  will  be  the  more  eflectual  if  it  be  heated. 

To  bleach  printed  papers  without  destroying  the  texture  of 
the  leaves,  we  steep  the  leaves  in  a  caustic  solution  of  soda, 
and  afterwards  in  one  of  soap.  Then  we  arrange  the  sheets 
alternately  llet\^■een  cloths,  just  as  paper-makers  dispose  their 
sheets  of  paper  when  delivered  from  the  form.  The  leaves 
must  then  he  put  in  a  press,  and  they  will  become  whiter, 
unless  they  have  been  stained  with  printers'  ink  or  size.  If 
one  operation  should  not  completely  efi'ect  the  whitening  of  the 
leaves,  you  must  repeat  the  process  till  it  is  effectual. 

To  bleach  coloured  rags  to  make  white  paper,  we  macerate 
the  rags — then  put  them  into  a  solution  of  caustic  alkali,  and 
next  into  the  oxygenated  muriatic  acid  ; — lastly,  they  are  to 
be  steeped  in  diluted  sulphuric  acid. — These  processes  of 
bleaching  have  been  classed  under  one  general  title,  though 
the  manufacture  of  paper  has  not  been  treated  in  conjunction 
with  them. 

To  remove  Ink  Stains. — .^pply  to  the  sfain  muriatic  acid 
diluted  in  six  times  its  weight  in  water,  and  after  a  minute  oi 
two  wash  it  olV;  the  application  should  be  repeated  as  often 
as  may  be  found  necessary.  The  vegetable  acids  equally 
effectual  are  attended  with  less  risk.  A  solution  of  the  oxalic, 
citric,  (acid  of  lemons,)  or  fartareous  acids,  in  water,  may  be 
applied  to  the  most  delicale  fabrics  without  danger  or  injury; 
and  the  same  solutions  will  discharge  writing,  but  n"t  printing 
ink.  They  may  be  therefore  employed  in  cleaning  books 
defaced  by  writing  on  the  margin.  Lemon,  and  sorrel  juice, 
will  remove  ink  stains,  though  not  so  easily  as  the  concrete 
acid  of  lemons  or  citric  acid. 

To  remove  Iron  Stains. — Ink  stains,  on  the  application  of 
soap,  are  changed  into  iron  stains.  Hut  the  rcid  iron  stains 
sre  occasioned  by  the  cloth  coming  iri  contact  with  iron,  or  its 


oxyde.  Both  may  be  removed  by  diluted  muriatic  acid,  or  by 
the  acid  of  lemons.  When  suffered  to  remain  long  on  cloth, 
they  are  taken  out  with  difficulty,  because  the  iron,  by  repealed 
moistening  with  water,  and  exposure  to  the  air.  acquires  such 
an  addition  of  oxygen,  as  renders  it  insoluble  in  acids;  yet 
these  spots  may  be  discharged,  by  applying  first  a  solution  of 
an  alkaline  sulphuret,  which  must  be  well  washed  from  the 
cloth,  and  afterwards  a  liquid  acid.  Tiie  sulphuret,  in  this 
case,  extracts  part  of  the  oxygen  from  the  iron,  and  renders  it 
soluble  in  diluted  acids. 

To  remove  the  stains  of  fruit  and  wine,  prepare  a  watery 
solution  of  the  oxygenated  muriatic  acid,  or  oxygenated 
muriate  of  potash  or  lime,  to  which  a  little  sulphuric  acid  has 
been  added.  Steep  the  stained  spot  in  one  of  these  solutions 
till  it  is  discharged  ;  the  solution  can  only  be  applied  to  white 
goods,  for  the  uncoinbined  oxygenated  acid  discharges  printed 
and  dyed  colours.  The  oxygenate  acid  is  easily  applied  by 
persons  who  have  not  the  apparatus  for  saturating  water  with 
the  gas,  thus  : — Put  a  table-spoonful  of  muriatic  acid  (spirit  of 
salt)  into  a  teacup,  and  add  to  it  about  a  tea-spoonful  of  pow- 
dered manganese;  set  this  cup  in  a  larger  one  filled  with  hot 
water;  moisten  the  stained  spot  with  water,  expose  it  to  the 
fumes  which  arise  from  the  teacup,  and  if  the  exposure  be 
continued  a  sulficient  length  of  time,  the  stain  will  disappear 
entirely. 

To  remove  spots  of  grease  from  cloth,  take  a  diluted  solution 
of  potash,  which  must  be  cautiously  applied,  to  prevent  injury 
to  the  cloth.  Stains  of  white  wax,  from  wax  candles  dropping 
upon  the  cloths,  are  removed  by  spirits  of  turpentine,  or  sulphu- 
ric ether,  which  will  also  take  out  the  marks  of  white  paint. 

To  take  spots  of  grease  out  of  books,  prints,  or  paper, 
warm  the  stained  paper  gently,  and  take  out  as  much  of  the 
stain  as  possible  by  means  of  blotting  paper  ;  then  dip  a  small 
brush  in  essential  oil  of  turpentine,  heated  almost  to  boiling, 
(when  cold,  it  acts  weakly,)  and  draw  it  gently  over  both  sides 
of  the  paper,  which  must  be  carefidly  kept  warm.  Repeat 
this  operation  as  often  as  the  spot  imbibed  by  the  paper,  or  its 
thickness,  may  render  necessary.  When  the  greasy  substance 
has  been  removed,  the  paper  may  be  restored  to  its  former 
whiteness  by  the  following  method.  Dip  another  brush  in 
highly  rectified  spirit  of  wine,  and  draw  it  over  the  place  which 
was  stained,  and  particularly  round  the  edges,  to  remove  the 
border  that  would  still  present  a  stain.  By  employing  these 
means  with  caution,  the  spot  will  disappear,  and  the  paper 
will  resume  its  original  whiteness.  Should  the  process  be 
employed  on  a  part  written  with  common  ink,  or  printed  with 
printers'  ink.  it  will  experience  no  alteration  whatever. 

BLOCK  MvcHtNERv.  The  machinery  for  manufacturing 
ship's  blocks  in  the  royal  dockyard  at  Portsmouth,  invented  by 
Brunei,  and  adjusted  in  all  its  parts  by  the  elaborate  and 
ingenious  calculations  of  Dr.  Gregory,  of  the  Royal  Military 
Academy,  Woolwich,  who  gives  the  following  account  of  this 
apparatus,  in  vol.  ii.  of  his  Mechanics,  is  greatly  and  de- 
servedly celebrated : 

The  machines  devoted  to  this  purpose  have  been  separated 
into  four  classes.  1.  The  sawing  machine  for  converting  the 
large  timber  into  proper  dimensions  for  the  small  machines  to 
operate  upon.  2.  Those  machines  w  liich  are  employed  in  form- 
ing the  sheaves.  .3.  Those  which  form  the  iron  pins  for  the 
blocks.  4.  Those  by  which  the  shells  of  the  blocks  are  manu- 
factured. They  are  all  w  orked  by  means  of  two  steam-engines, 
each  of  thirty-horse  power.  Either  of  these  can  be  applied 
indifferently  to  work  the  chain  pumps,  or  for  turning  the  wood- 
mill  ;  and  their  power  is  transmitted  by  a  train  of  wheel-work, 
to  a  horizontal  shaft,  extending  along  the  centre  of  the  middle 
building,  very  near  its  roof.  Upon  this  are  a  number  of  wheels 
and  drums,  which,  by  endless  ropes  and  straps,  communicatt 
motion  to  the  several  subordinate  machines. 

The  order  of  the  processes  is  this.  The  elm  trees  are  firsi 
cut  into  short  lengths,  proper  to  form  the  various  sizes  ot 
blocks,  by  two  large  sawing  machines,  one  a  reciprocnting^  the 
other  a  circular  saw.  These  lengths  of  the  trees  are  next  cut 
into  squares,  and  ripped  or  split  up  into  proper  sizes  by  foul 
sawing  benches  with  circular  saws,  and  one  very  large  recipro- 
cating saw.  which  is  employed  for  cutting  up  the  pieces  for  very 
large  blocks. 
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The  scantlings,  thus  prepared  for  the  blocks,  are  perforated 
in  three  boring  machines,  with  a  liole  through  each  to  contain 
the  centre  pin  for  the  sheaves  of  the  blocli,  and  as  many  other 
holes  in  a  direction  perpendicular  to  the  former,  as  the  number 
of  sheaves  it  is  to  have  ;  these  holes  being  intended  as  the  com- 
mencement of  the  several  mortises  to  contain  the  sheaves. 

The  blocks  are  next  mortised  in  three  mortising  engines, 
which  elongate  the  holes  abovementioned  to  their  proper 
dimensions.  Here  the  motion  of  the  sliding  frame  for  the 
chisels,  is  communicated  to  it  by  means  of  a  long  working 
beam  or  lever,  extending  the  whole  length  of  the  frame  at  the 
top  of  it.  At  one  end  it  is  united  by  a  connecting  rod  with  the 
chisel  frame  ;  and  at  the  other  it  is  fixed  to  an  axis,  which  is 
supported  by  the  framing,  and  which  forms  its  centre  of  motion. 
A  connecting  rod  is  joined  to  it  in  the  middle  of  the  beam  ;  the 
lower  end  of  which  is  worked  by  a  crank,  formed  in  the  middle 
of  the  main  axis,  which  is  situated  in  a  direction  perpendicular 
to  that  which  we  have  described,  and  is  supported  in  the  fram- 
ing. It  is  provided  with  a  cone  for  casting  off  the  movement. 
The  engine  with  the  beam  acts  with  surprising  rapidity,  mak- 
ing upwards  of  400  strokes  per  minute,  at  every  one  of  which 
it  cuts  out  a  chip  from  each  mortise  as  thick  as  pasteboard. 
Its  movement  is,  indeed,  so  rapid,  that  the  chisels  cannot  be 
distinctly  seen  when  it  is  at  work  ;  so  that  the  mortises  seem 
to  lengthen,  and  chips  to  fall  out,  without  any  evident  cause. 

The  angles  of  the  blocks  are  next  cut  off'  by  three  circnlar 
saws,  as  preparatory  to  reducing  them  to  the  elliptical  figure. 

The  outside  surfaces  of  the  block  are  then  formed  to  their 
true  figure  by  three  shaping-engines,  each  of  which  forms  every 
part  of  ten  blocks  simultaneonsly.  The  scores,  or  grooves, 
round  the  block  are  next  formed,  to  receive  the  rope  or  strap 
by  which  they  are  suspended ;  this  is  effected  by  two  scoring- 
engines.  Then  the  blocks  are  trimmed  by  manual  labour,  to 
smooth  and  polish  them. 

In  order  to  make  the  sheaves,  the  first  process  is  cutting 
pieces  or  flakes  off  the  end  of  the  trees  of  lignum  vitae,  of  a 
suitable  thickness  to  form  the  sheaves.  This  is  accomplished 
by  a  reciprocating  and  two  circular  saws.  These  flakes  are 
made  circular,  and  the  centres  pierced  in  two  rounding  and 
centering  machines,  or  trepan  saw. 

A  hole  is  next  excavated  in  the  centre  of  each  sheave,  to 
inlay  the  coak  or  piece  of  bell  metal,  which  is  fitted  into  the 
centre  of  each  sheave,  to  form  a  socket  for  the  centre  pin. 
The  centre  holes  through  the  coaks  are  next  broached  out  to 
a  true  cylindei  in  three  broaching-machines. 

The  last  process  is  turning  the  faces  and  edges  of  the  sheaves 
to  a  flat  surface,  in  three  facing  lathes,  which  also  form  the 
grooves  round  the  edges  for  them,  for  the  rope  which  encom- 
passes them  when  in  the  block.  There  are  also  two  machines 
for  making  dead  eyes,  which  are  both  ingenious  and  complete. 
The  whole  number  of  machines  is  thirty-seven. 

Blocks  are  used  for  various  purposes  in  a  ship,  cither  to 
increase  the  mechanical  power  of  the  rope,  or  to  arrange  the 
ends  of  them  in  certain  places  on  the  deck,  and  they  may  be 
readily  found  when  wanted  ;  they  are  consequently  of  various 
sires  and  power,  and  obtain  various  names,  according  to  their 
form  or  situation,  thus  : 

A  Single  Block,  contains  only  one  sheave  or  wheel.  A  Double 
Block,  has  two  sheaves.  A  Long  Tackle  Block,  has  two  sheaves, 
one  below  the  other.  A  Snatch  Block,  is  a  single  block  with 
an  opening  on  one  side,  in  which  the  bite  of  a  rope  may  be  laid 
instead  of  reeving  the  end  through,  wliioh,  in  some  circum- 
stances, would  be  very  inconvenient.  The  Spring  Block,  an 
invention  of  Hopkinson,  of  Philadelphia,  calculated  to  assist  a 
vessel  in  sailing,  and  particularly  intended  by  him  to  be  ap- 
plied to  the  sheets  and  the  dead-eyes;  it  is  composed  of  a 
common  block  or  dead-eye,  attached  to  a  spiral  spring  of  well 
tempered  steel,  within  the  cavity  of  which  is  a  chain  of  suitable 
strength,  called  a  check-chain ;  when  the  spring  is  not  in 
action,  this  chain  is  slack;  but,  when  the  spring  is  extended 
by  the  force  of  the  wind  as  far  as  it  may  be  without  injury,  the 
check-chain  begins  to  bear,  and  prevents  its  farther  extension. 
Top  Block,  is  a  large  single  block  with  an  iron  strop  and  hook, 
by  which  it  is  hung  to  an  eye-bolt  in  the  cap,  and  is  used  to 
sway  up  or  lower  down  the  topmasts.  Jear  Blocks,  are  twofold 
or  threefold  blocks,  applied  to  hoist  or  lower  the  main  and  fore 
13. 


yards.  Viol  Block  or  Voyal  Block,  is  a  large  block  through 
which  the  voyal  or  messenger  passes  when  the  ancJior  is 
weighed  by  the  fore  or  jear  capstan.  Clue-garnet  and  Clue- 
line  Blocks,  are  distinguished  from  others  by  having  shoulders 
upon  their  upper  parts,  through  which  the  strop  is  laid,  and  is 
applied  to  draw  up  the  clues  or  lower  corners  of  the  square 
sails  to  their  respective  yards.  Cat  Block,  is  a  two  or  three 
fold  block,  with  an  iron  strop  and  large  hook  to  it,  and  is 
employed  to  draw  the  anchor  up  to  the  cathead. 

Every  block  is  composed  of  three,  and  generally  four,  parts  : 
1.  The  shell,  or  outside  wooden  part.  2.  The  sheave,  or 
wheel,  on  which  the  rope  runs.  .3.  The  pin,  or  axle,  on  which 
the  sheave  turns.  4.  The  strop,  or  part  by  which  the  block  is 
made  fast  to  any  particular  station,  and  is  usually  made  either 
of  rope  or  of  iron.  Iron-stropped  Blocks,  frequently  have  the 
hook  working  in  a  swivel  in  order  to  turn  it,  that  the  several 
parts  of  the  rope  of  which  the  tackle  is  composed,  may  not  be 
twisted  round  each  other,  which  would  greatly  diminish  the 
mechanical  power. 

Block  and  Block,  is  the  situation  of  a  tackle  when  the  blocks 
are  drawn  close  together,  so  that  the  mechanical  power 
becomes  destroyed  till  the  tackle  is  again  overhauled  by  draw- 
ing the  blocks  asunder. 

BLONDEL,  Fkancis,  a  celebrated  French  mathematician 
and  military  engineer,  was  born  in  Picardy  in  1617,  and  died 
in  Paris  in  1686.  He  was  author  of  two  distinct  works  on 
architecture,  and  another  on  fortification  ;  besides  which,  he 
published  "  A  Course  of  Mathematics,"  "  The  Art  of  throwing 
Bombs,"  and  several  ingenious  pieces  in  the  Memoires  of  the 
French  Academy  of  Sciences,  particularly  in  the  year  16G6. 

BLOOD,  Circulation  of  the.  About  the  year  1600  Mr.  Har- 
vey, an  English  physician,  discovered  the  process  (if  we  may 
so  call  it)  of  the  circulation  of  the  blood  ;  to  form  a  distinct 
notion  of  which,  it  will  be  necessary  to  describe  the  structure 
of  the  arteries,  veins,  and  nerves;  and  principally  the  cavities 
of  the  heart,  by  means  of  which  the  blood  is  propelled  through 
the  body.     To  these  we  now  proceed  : — 

The  arteries  are  blood-vessels  consisting  of  a  close  texture 
of  strong  elastic  fibres,  woven  in  various  webs,  laid  in  different 
directions,  and  interspersed  with  an  infinity  of  delicate  nerves, 
veins,  and  minuter  arteries.  They  are  divided  and  subdivided 
info  numberless  branches  and  ramifications,  that  become  smaller 
and  smaller  as  they  recede  from  the  heart,  until  at  last  their 
extremities  are  found  ranch  more  slender  than  the  hairs  of  our 
heads,  (and  are  therefore  called  capillary  arteries,)  which  either 
unite  in  continued  pipes  with  the  beginnings  of  the  veins,  or 
terminate  in  small  receptacles,  from  which  the  veins  derive 
their  origin.  The  arteries  have  no  valves,  but  only  have  their 
trunks  spring  from  the  heart :  they  throb  and  beat  perpetually 
whilst  life  remains  ;  their  extremities  differing  in  the  thickness 
of  their  coats  and  some  other  particulars,  according  to  the 
nature  of  the  part  which  they  pervade.  All  tlie  arteries  in  the 
lungs  (except  the  small  ones  that  convey  nourishment  to  them) 
are  derived  from  the  great  pulmonary  artery,  which  issues 
from  the  right  ventricle  of  the  heart.  And  all  the  arteries  in 
the  rest  of  the  body  proceed  from  the  aorta,  (which  obtained 
this  name,  because  the  ancients  thought  it  contained  air  only,) 
whose  trunk  springs  from  the  left  ventricle  of  the  heart. 

The  veins  resemble  the  arteries  in  their  figure  and  distribu- 
tion; but  their  cavities  are  larger,  and  their  branches,  perhaps, 
more  numerous.  Their  coats  are  much  weaker  and  more 
slender  than  those  of  the  arteries.  They  are  furnished  with 
several  valves,  contrived  in  such  a  manner  as  to  permit  the 
blood  to  pass  freely  from  the  smaller  into  the  larger  branches, 
but  to  stop  its  retrogression.  They  neither  throb  nor  beat. 
Their  beginnings  form  continued  pipes  with  the  extremities  of 
the  arteries,  or  arise  from  some  gland  or  receptacle  where  the 
arteries  terminate.  All  the  veins  in  the  lungs,  from  their 
capillary  beginnings  growing  still  larger,  unite  at  last,  and  dis- 
charge their  blood  into  the  left  auricle  of  the  heart :  and  all 
those  in  the  rest  of  the  body  empty  themselves  in  like  manner 
into  the  vena  cava,  which  opens  into  the  right  auricle  of  the 
heart. 

The  nerves  deduce  their  origin  from  the  brain,  or  its  appen- 
dages, in  several  pairs,  of  a  cylindric  form,  (like  so  many  skeins 
of  thread  with  tlieir  respective  sheaths,)  which  in  llicir  progress 
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decieasc  by  endless  divisions  and  subdivisions,  until  at  last 
they  spread  themselves  into  a  texture  of  lilamenfs  so  slender, 
and  so  closely  interwoven  with  eaeh  other  over  the  whole  body, 
that  the  point  of  a  needle  ean  hardly  be  put  upon  any  part  of 
it,  without  touching;  the  delicate  branch  of  some  nerve. 

It  has  been  found  by  many  trials,  that  when  an  artery  is 
laid  bare,  and  a  ligature  made  upon  it,  if  it  be  opened  with  a 
lancet  between  the  ligature  and  the  heart,  the  blood  will  rush 
out  with  g;reat  violence  ;  and  a  rapid,  jerkiiij:  stream  will  con- 
tinue, (if  it  be  not  stopped  by  art,)  until,  through  loss  of  blood, 
the  animal  faints  or  dies.  Hut  if  the  same  artery  be  opened 
between  the  ligature  and  extremities,  a  few  drops  only  will 
ooze  out  from  the  wounded  coats.  On  the  other  hand,  when  a 
vein  is  laid  bare,  and  a  ligature  made  upon  it,  if  it  be  opened 
between  the  ligature  and  the  extremities,  the  blood  will  gush 
out,  as  we  see  in  common  venesection.  Uut  if  the  same  vein 
be  opened  between  the  binding  and  the  heart,  no  blood  will 
appear.  From  these  experiments  it  is  obvious  to  the  slightest 
attention,  that  the  blood  Hows  from  the  heart,  through  the 
arteries,  to  the  extreme  parts  of  the  body;  and  returns  again 
through  the  veins  to  the  heart. 

For  the  regular  performance  and  continuation  of  this  motion 
of  the  blood  through  all  the  difl'erent  parts  of  the  body,  the 
heart,  which  is  the  prinmm  mobile,  giving  the  first  impulse,  is 
furnished  with  four  distinct  muscular  cavities,  that  is,  with  an 
auricle  and  a  ventricle  on  the  right  side,  and  an  auricle  and 
ventricle  on  the  left.  Through  these  cavities,  curiously  adapted 
to  their  respective  offices,  the  blood  circulates  in  the  following 
order  : — it  is  received  from  the  veins,  first  into  the  right  auri- 
cle, which,  contracting  itself,  pushes  the  blood  into  the  right 
ventricle,  at  that  instant  dilated.  The  moment  this  ventricle  is 
filled,  it  contracts  itself  with  great  force,  and  impels  the  blood 
into  the  pulmonary  artery,  which,  passing  through  the  lungs, 
and  returning  by  the  pulmonary  veins,  is  received  into  the  left 
auricle  of  the  heart,  and  from  thence  it  is  pushed  into  the  left 
ventricle  ;  which,  being  thus  filled,  contracts  itself,  and  drives 
the  blood  with  great  rapidity  to  all  the  parts  of  the  body, 
and  from  them  it  returns  again  through  the  veins  into  the  right 
auricle  of  the  heart,  as  before. 

It  is  very  remarkable,  that  we  have  here  a  double  circulation  : 
one  from  the  right  ventricle,  through  the  lungs,  to  the  left  auricle 
of  the  heart,  in  order  to  convert  the  chyle  into  blood,  and  finally 
))repare  it  for  the  nourishment  of  the  "animal  ;  the  other,  from 
■the  left  ventricle,  through  the  whole  body,  to  the  right  auricle 
of  the  heart,  which  serves  to  apply  that  nourishment  to  every 
part,  besides  various  other  purposes. 

But  to  proceed  :— Of  these  four  muscular  cavities,  the  two 
auricles  are  contracted  at  the  same  instant,  while  the  two  ven- 
tricles are  dilated  ;  the  ventricles,  in  their  turn,  are  contract- 
ing themselves  at  the  same  instant  that  the  auricles  are  dilat- 
ing. The  arteries,  in  like  manner,  beat  in  alternate  time  with 
the  ventricles  of  the  heart. 

The  nerves,  as  well  as  the  veins  and  arteries,  act  their  part 
in  this  rotation  of  the  blood;  for  if  the  eighth  pair  of  nerves 
which  proceeds  from  the  brain  to  the  heart  be  bound  up,  the 
motion  of  the  heart  immediately  languishes,  and  soon  ceases 
entirely.  Thus  we  have  a  species  of  perpetual  motion,  which 
none  but  a  Being  of  infinite  wisdom  and  power  could  produce; 
yet  whose  continuation  requires  the  constant  aid  of  the  same 
hand  that  first  gave  it  existence.  The  brain  transmits  animal 
spirits  to  the  heart,  to  give  it  a  vigorous  contraction.  The 
heart,  at  the  same  time,  pushes  the  blood  into  the  brain,  to 
supply  it  with  new  spirits  ;  by  which  means  the  head  and  the 
heart  give  continual  mutual  support  to  each  other.  But  this 
is  not  all ;  the  action  of  the  heart  sends  the  blood  and  other 
vital  humours  over  the  whole  body  by  the  arteries,  and  distri- 
butes nourishment  and  vigour  to  every  part,  (while  perhaps  the 
animal  spirits,  from  the  extremities  of  the  nerves,  return  again 
into  the  blood,)  and  the  whole  rclliient  mass  is  conveyed  back 
through  the  veins  into  the  heart,  which  enables  it,'  without 
intermission,  to  persist  in  rolling  this  tide  of  life. 

But  here  it  must  not  be  siippose<l,  that  the  arteries  pass  on 
to  the  extremities  of  the  limbs,  before  they  comniiinieate  with 
the  returning  veins  ;  for  upon  this  supposition,  alter  an  ampu- 
tation has  been  performed,  whatever  blood  might  be  brought  to 
the  stump  by  the  arteries,  it  is  certain,  none  of  it  could  be 


carried  back  again  to  the  heart  ;  because  the  intercourse 
between  the  heart  and  the  limbs  would,  in  this  case,  be  entirely 
cut  off.  But  the  all-wise  Autlior  of  our  being  has  provided  for 
this  exigency,  by  forming  a  great  number  of  less  branches  from 
the  larger  arteries,  which  constantly  communicate  with  corre- 
sponding branches  of  the  returning  veins.  And  hence,  it  is 
easy  to  conceive  how  the  circulation  is  carried  on  after  ampu- 
tation has  been  performed. 

BLOWPIPE,  Alcohol. — 1.  Copper  ball,  containing  alcohol. 
2.  Tube  to  convey  alcohol  to,  3.  A  lamp,  which  keeps  it  boil- 
ing. 4.  Jet  of  alcohol  inflamed  by  the  lamp.  5.  Glass  tube, 
bent  by  the  flame. 


This  is  really  an  useful  instrument.  The  alcohol  in  the  cop- 
per ball  is  boiled  by  the  llame  of  the  lamp  placed  underneath; 
this  causes  expansion,  and  the  escape  of  the  gas  in  a  jet 
passing  through  the  flame  ;  and  from  its  highly  inflammable 
nature,  a  stream  of  intense  heat  is  thus  made  to  play  upon 
any  substance  you  wish  to  bring  into  fusion.  There  are  many 
different  kinds  of  blowpipes  ;  but  none  more  powerful  tlian  the 
Oxy-hydrogen  blowpipe  of  Mr.  Gurney. 

A  flux  for  the  blowpipe,  that  will  cause  the  particle  of 
mineral,  under  examination,  to  run  into  a  metallic  globule 
upon  the  charcoal,  as  soon  as  any  other  now  in  use,  may  be 
thus  made  : — Take  of  borax  1  ounce,  nitre  2  drachms,  pounded 
flint  glass  2  drachms,  and  calcined  horse's  hoof  half  an  ounce  ; 
these  are  all  to  be  fused  together  in  a  crucible,  taking  care  to 
add  the  horse's  hoof  last,  ami  stirring  it  vvell  in  with  an  iron 
spatula  ;  when  it  is  quite  fluid,  pour  it  into  cold  water,  which 
will  render  it  brittle,  and  thereby  it  may  be  easily  pulverized. 
It  is  to  be  ke|)t  in  well-closed  phials,  free  from  moisture,  and 
the  expense  will  be  very  trifling,  compared  with  its  great 
importance. 

Hydrogen  gas  mixed  with  oxygen,  furnishes  an  explosive 
compound  of  prodigious  force.  These  gases,  mixed  in  a  blad- 
der, in  the  exact  proportion  to  form  water,  and  afterwards 
condensed,  and  allowed  to  issue  by  a  jet,  which  may  be  in- 
flamed, and  used  in  the  operations  of  the  blowpipe,  under  the 
title  of  Oxy-hydrogen  Gas  Blowpipe,  of  which  the  following 
figure  represents  Mr.  Gurncy's  instrument. 
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Mr.  Giirney  has  proved,  by  experiment,  that  the  flame  from 
a  mixture  of  oxjgeii  and  hydrogen  gases  will  pass  through 
successive  layers  of  the  smallest  wire  gauze ; — through  the 
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smallest  apertures  made  in  lead  ; — through  plaster  of  Paris  ; 
pipe  clay;  the  natural  pores  of  cane;  and  those  of  Hondu- 
ras mahogany.  He  has  sliewn,  that  no  means  have  hitherto 
been  adopted,  capable  of  preventing  the  explosion  of  these 
mixed  gases  under  certain  circumstances ;  and  has  thus  shewn 
the  great  danger  attending  the  use  of  instruments.  One  of 
the  principal  advantages  attending  the  well  constructed 
blowpipe  before  us,  consists,  it  is  said,  in  its  being  perfectli/ 
safe ;  and  every  apprehension  of  danger  being  thus  removed 
from  the  mind  of  the  operator,  he  is  enabled  to  give  his  undi- 
vided attention  to  the  changes  and  efl'ects  taking  place  in  the 
substance  operated  upon ;  and  whilst  coolly  examining,  and 
noting  every  circumstance,  a  slight  pressure  with  one  hand  is 
all  that  is  requisite  to  produce  a  degree  of  heat  of  any  required 
intensity.  In  this  machine,  A  is  the  safety  chamber,  B  a  water 
trough,  through  which  the  gas  is  made  to  pass  from  the  gaso- 
meter D,  by  the  stop-cock  C,  through  a  tube  whicli  reaches  to 
the  bottom  of  the  water  trough  ;  E  is  a  cork,  tilted  into  the 
neck  of  the  same,  from  which  it  is  thrown  out,  should  an 
explosion  take  place  on  the  surface  of  the  water  ;  F  is  a  gauge, 
to  indicate  the  necessary  height  of  tlie  column  of  water  in  the 
trough  ;  G  is  a  transferring  bladder,  which  is  made  to  screw 
and  unscrew  to  and  from  the  stop-cock  H,  and  for  supplying 
the  gasometer  with  the  gases,  which  may  be  charged  and  re- 
charged at  pleasure  by  an  assistant  during  its  action,  so  as  to 
keep  up  the  most  intense  flame,  for  any  length  of  time.  A 
valve  is  placed  between  the  gasometer  and  tlie  translerring 
bladder,  which  prevents  the  return  of  the  gas  ;  I,  I  is  the  light 
wooden,  or  stiff  pasteboard  cap,  which  combines  sufficient 
strength,  with  great  lightness,  so  that  in  case  an  explosion  of 
the  gasometer  should  happen,  it  is  merely  thrown  a  short  height 
into  the  air,  by  the  force  rupturing  the  strings  which  connect 
the  cap  to  the  press  board.  To  these  strings  are  attached 
small  wires,  which  pass  through  the  table  of  the  instrument, 
as  at  L  into  the  press  board  below,  where  they  are  secured  ;  this 
press  board  is  kept  in  an  horizontal  position  by  the  stand,  so 
that  when  the  requisite  pressure  is  given  to  it.  the  cap  I,  I  is 
brought  to  bear  equally  on  the  gasometer  D.  The  gasometer 
bladder,  (or  silk  bag,)  is  tied  to  a  piece  of  bladder,  which 
screws  into  a  long  tube,  laid  into  and  across  the  table,  which 
permits  it  to  he  unscrewed  at  pleasure  from  the  body  of  the 
instrument,  and  immersed  in  warm  water,  when  it  requires 
softening;  affording  also  the  means  of  fixing  on  another 
bladder,  if  any  acrident  renders  it  necessary.  The  stop-cock 
of  the  charging  bladderG  is  fixed  at  one  end  of  the  tube  just 
described,  and  the  stop-cock  of  the  water  trough  on  the  other. 

To  operate  with  the  instrument,  pressure  by  the  hand  is 
applied  to  the  press  board,  which  draws  down  the  cap  I,  I  on 
the  gasometer  D,  and  forces  the  gas  which  it  contains  through 
the  stop-cock  C,  through  the  water  tube  and  safety  chamlcr 
A,  to  the  jet  at  the  end,  where  it  is  burned.  When  the  pressure 
on  the  press  board  is  loo  slight,  or  when  the  hand  is  taken  off, 
the  flame  returns  into  the  safety  chamber,  and  is  extinguished. 
When  it  is  required  to  suspend  the  operation,  Ihe  hand  need 
only  be  taken  off  from  the  pressing  board,  the  water  in  the 
trough  acts  as  a  self-acting  valve,  in  preventing  the  escape  of 
the  gas  from  theiustrumeut,  and  saves  the  necessity  of  turning 


the  stop-cock.  A  silk  tube  is  attached  to  the  end  of  the  tube 
before  described  in  the  water  trough,  which  prevents  the 
splashing  of  the  water,  sometimes  occasioned  by  unskilful 
management. 

The  ease  and  confidence  with  which  this  instrument  may  be 
used,  and  its  wonderful  powef  in  reducing,  atmosl  instan- 
taneously, the  hardest  and  most  refractory  substances,  wifl 
enable  the  chemist,  Ihe  philosopher,  and  llie  artisan,  to  avail 
themselves  of  the  astonishing  powers  of  an  oxy-hydrogen  blow- 
pipe, not  only  without  any  personal  risk,  but  even  without  the 
apprehension  of  any.  Gun  flints  are  instantly  fused  by  this 
instrument,  and  formed  info  a  transparent  glass  ;  (but  owing 
to  the  rapid  expansion  of  the  water  of  crystallization,  which 
causes  Ihe  flints  to  break  and  fly  off  in  pieces,  it  is  recommended 
that  they  be  first  deprived  of  it  by  calcination.)  China  melts 
into  a  perfect  crystal.  All  kinds  of  porcelain  are  readily  fused  ; 
previously  assuming  a  beautiful  white  vitrified  appearance. 
Rock  crystal  is  quickly  melted,  giving  out  a  beautiful  light. 
Emerald,  sapphire,  topaz,  beryl,  and  all  the  other  precious 
stones,  meltbclbre  it  into  transparent  glassy  substances.  Ba- 
ry tes,  strontia,  lime,  allumina,  exhibit  very  striking  and  beautiful 
phenomena.  Magnesia  fuses  into  hard  granular  particles,  that 
will  scratch  glass.  The  metals  (even  platina)  are  all  quickly 
fused  by  it.  A  steel  file,  brought  into  contact  with  the  flame, 
fuses  and  scintiflates  in  the  most  beautiful  manner,  forming  a 
magnificent  firework.  In  a  word,  all  descriptions  of  stones, 
slates,  and  minerals,  are  melted,  sublimed,  or  volatilized,  by  its 
all-subduing  power. 

Blowing  of  Glass.    See  Glass. 

Blowing  Machines.     See  Fvrs\ce. 

BLUE,  one  of  the  seven  primitive  colours  of  the  rays  of 
light,  into  which  they  are  divided  when  refracted  through  a 
glass  prism.  See  Colours  and  Prism.  The  blue  colour  of  the 
sky  is  a  remarkable  phenomenon,  which  has  been  variously 
accounted  for  by  difierent  philosophers.  La  Hire,  after  Leo- 
nardo de  Vinci,  attributed  it  to  the  ellect  which  is  produced  by 
viewing  a  dark  body  through  a  white  transparent  one,  which 
he  observes  always  gives  the  sensation  of  blueuess  ;  and  thus 
the  sky  being  itself  totally  devoid  of  light,  when  viewed  through 
the  air  illuminated  and  whitened  by  the  sun,  appears  of  that 
blue  colour  so  constantly  observed.  According  to  Newton, 
however,  the  phenomenon  is  to  be  accounted  for  on  other 
principles.  He  observes,  that  all  the  vapours,  when  they  begin 
to  condense  and  coalesce  into  natural  particles,  become  first  of 
such  a  bigness  as  to  reflect  the  azure  rays,  before  Uiey  can 
constitute  clouds  of  other  colours.  Bouguer  ascribes  this 
blueuess  of  the  sky  to  the  constitution  of  the  air  itself,  being 
of  such  a  nature  that  the  fainter  coloured  rays  are  incapable  of 
making  their  way  through  any  very  considerable  portion  of  it. 
We  conceive,  that  this  blue  colour  is  occasioned  by  the  vapours 
mi.xed  with  air,  and  which  have  the  property  of  reflecting  the 
blue  rays  more  copiously  than  any  others. 

BOATS,  small  open  vessels,  conducted  on  the  water  by 
rowing  or  sailing,  are  distinguished  by  different  names,  accord- 
ing to  their  size  and  construction.  The  long  boat,  usually  the 
largest  boat  that  accompanies  a  ship,  is  generally  furnished 
with  a  mast  and  sails,  and  may  be  armed  and  etpiipped  for 
cruising  short  distances  ;  her  principal  employ,  however,  is,  to 
bring  heavy  stores  or  provisions  on  board,  and  also  to  go  up 
small  rivers  to  fetch  water,  wood,  &c.  The  launch,  a  boat 
which  has  greatly  superseded  the  use  of  the  long  boat,  particu- 
larly by  merchant  ships  in  tlie  Mediterranean,  is  longer,  more 
flat-bottomed,  and  by  rowing  a  greater  number  of  oars,  is 
better  adapted  for  going  into  narrow  and  shallow  rivers.  The 
barge,  a  long,  narrow,  and  light  boat,  employed  to  carry  the 
principal  officers,  as  admirals  and  captains  of  ships  of  war,  and 
is  very  unfit  for  sea.  A  pinnace  resembles  a  barge,  but  is 
smaller,  never  rowing  more  than  eight  oars,  whereas  a  harge 
never  rows  less  than  ten  ;  the  pinnace  is  for  the  accommoda- 
tion of  the  lieutenants.  Sec.  The  cutters  of  a  ship  are  broader, 
deeper,  and  shorter  than  the  barge  or  pinnace,  arc  filter  for 
sailing,  and  commonly  employed  in  carrying  light  stores,  pas- 
sengers, &LC.  to  and  from  the  ships  ;  they  are  built  differently 
from  the  former  boats  ;  tlie  lower  edge  of  every  plank  overlay- 
ing the  upper  edge  of  the  plank  below  it,  which  is  called  clinch 
work.      They  generally   row  six  oars ;  sometimes   only    four, 
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which  last  is  termed  a  jolly  boat.  Yawls  resemble  pinnaces, 
hut  are  generally  rowed  with  six  oars.  A  wherry  is  a  sharp  light 
boat,  used  in  rivers  or  harbours.  The  wherries  allowed  to  ply 
about  London,  are  either  scullers  wrought  by  a  single  person 
with  two  oars,  or  oars  wrought  by  two  persons,  wilh  each  an 
oar.  A  Moses  is  a  tiat-bottomed  boat  used  in  the  West  Indies, 
for  bringing  off  hogsheads  of  sugar,  and  is  termed  single  or 
double,  according  to  its  size.  A  punt  is  a  sort  of  oblong  flat- 
bottomed  boat,  nearly  resembling  a  floating  stage.  A  felucca 
is  a  large  and  strong  passage-boat,  used  in  the  Mediterranean, 
having  from  ten  to  sixteen  banks  of  oars. 

BOAT-HOOK,  an  iron  hook  with  a  sharp  point  on  the  hin- 
der part  thereof;  it  is  fixed  upon  a  long  pole,  by  the  help  of 
which  a  boat  is  either  pulled  to,  or  pushed  ofl'  from,  any  place. 

BOB  of  a  Pendulum,  or  Ball  of  a  Pendulum,  is  the  metallic 
weight  which  is  attached  to  the  lower  extremity  of  a  pendulum 
rod,  by  means  of  a  tapped  adjusting  nut,  at  such  a  distance 
from  the  point  of  suspension  as  the  time  of  a  given  vibration 
requires.     See  Pendulum. 

BODY,  or  Solid,  in  Geometry,  is  that  which  has  three 
dimensions,  viz.  length,  breadth,  and  thickness. 

Body,  in  Physics  of  Natural  Philosophy,  is  a  solid,  ex- 
tended, palpable  substance;  of  itself  merely  passive,  and 
iiidiflerent  either  to  motion  or  rest ;  but  capable  of  any  sort  of 
motion,  and  all  figures  and  forms.  Body  is  composed,  accord- 
ing to  the  Peripatetics,  of  matter,  form,  and  privation  ;  accord- 
ing to  the  Epicureans  and  Corpuscularians,  of  an  assemblage 
of  hooked  heavy  atoms ;  according  to  the  Cartesians,  of  a  cer- 
tain quantity  oi  extension  ;  and  according  to  the  Newtonians, 
of  a  system  of  association  of  solid,  massy,  hard,  impenetrable, 
moveable  particles,  ranged  or  disposed  in  different  manners, 
whence  result  bodies  of  different  forms,  which  receive  particu- 
lar denominations,  according  to  the  circuiustances  under  which 
they  appear.  These  elementary  or  component  particles  of 
bodies  must  be  infinitely  hard,  so  as  ever  to  remain  unbroken 
and  nnchangcd  ;  which,  as  Ne^vton  observes,  is  necessary,  in 
order  to  the  world's  remaining  in  the  same  state,  and  bodies 
continuing  of  the  same  nature  and  texture  in  several  ages. 

Bodies  are  either  hard,  soft,  or  elastic.  A  hard  Body  is  that 
whose  parts  do  not  yield  to  any  stroke  or  percussion,  but 
retains  its  figure  unaltered.  A  soft  Body  is  that  whose  parts 
yield  to  any  stroke  or  impression,  without  restoring  themselves 
again.  An  elastic  Body  is  that  whose  parts  yield  to  any  stroke, 
but  immediately  restore  themselves  again,  and  the  body  retains 
the  same  figure  as  at  first.  We  know  not,  however,  of  any 
bodies  that  are  perfectly  hard,  soft,  or  elastic  ;  but  all  possess 
these  properties  in  a  greater  or  less  degree. 

Bodies  are  also  either  soW  or  J/uid.  A  solid  Body  is  that  in 
which  the  attractive  power  of  the  particles  of  which  it  is  com- 
posed exceed  their  repulsive  power,  and,  consequently,  they 
are  not  readily  moved  one  among  another,  and  therefore  the 
body  will  retain  any  figure  that  is  given  to  it.  AJluid  Body  is 
that  in  which  the  attractive  and  repulsive  powers  of  the  parti- 
cles are  in  exact  equilihrio,  and  therefore  yields  to  the  slightest 
impression.     iSVe  Solid  and  Fluid. 

Regular  Bodies,  or  Platonic  Bodies,  are  those  which  have 
all  their  sides,  angles,  and  planes,  similar  and  eoual,  of  which 
there  are  only  the  five  following,  viz. 

1.  Tetraedron,containedunder  4  equilateral  triangles. 

2.  Hexaedron, 6  squares. 

3.  Ocfaedron, 8  triangles. 

4.  Dodecaedron, 12  pentagons. 

5.  Icosaedron 20  triangles. 

For  the  method  of  forming  the  five  regular  bodies,  as  also  for 
iinding  out  the  surfaces  and  solidities,  see  the  respective 
articles. 

BOILING.     See  Ebi'llition. 

BOMB,  a  large  shell  of  cast  iron,  having  a  great  vent  to 
receive  the  fusee,  which  is  made  of  wood.  Bombs  are  of 
different  magnitudes,  and  are  filled  with  gunpowder  and  other 
combustibles.  When  shot  from  the  mortar,  the  fusee  in  Ihiiu 
takes  fire,  and  its  length  is  so  adjusted,  that  by  the  time  the 
shell  has  finished  its  flight,  the  fusee  has  burnt  up,  and  ex- 
plodes the  gunpowder  within  so  as  to  burst  the  shell  to  pieces 
just  as  it  is  falling  to  the  ground  ;  this,  of  course,  increases  its 


execution,  and  causes  greater  devastation.  A  grenade  re- 
sembles a  bomb,  but  is  less,  and  may  be  cast  with  the  hand. 
The  usual  weight  of  a  grenade  is  three  pounds  ;  and  filled  with 
a  strong  powder  lighted  by  a  fusee. 

BOOKBINDING.  The  leaves  being  accurately  folded,  are 
beaten  with  a  hammer  on  a  stone,  to  make  them  smooth,  and 
lie  close  ;  they  are  then  put  into  a  press,  and  sewed  on  hoards, 
after  which  the  backs  are  glued,  and  the  bands  opened  and 
scraped  to  fix  the  pasteboard  covers  ;  the  back  is  rounded 
with  a  hammer,  and  the  book  is  fixed  in  a  press,  betvieen  two 
boards.  Holes  are  then  made  for  fixing  the  pasteboards  to  the 
volume,  which  is  pressed  a  third  time.  It  is  then  put  to  the  cut- 
ting-press, between  two  boards,  one  lying  even  w  ith  the  press  for 
the  knife  to  run  upon,  the  other  above  for  the  knife  to  run 
against;  after  this  operation,  the  pasteboards  are  squared  ;  tlie 
leaves  sprinkled,  by  dipping  a  brush  in  vermilion  and  sap  green, 
holding  it  in  one  hand,  and  spreading  the  hair  with  the  other. 
The  leather  covers  are  moistened,  cut  to  the  size  of  the  book, 
smeared  wilh  paste,  and  afterwards  stretched  over  the  paste- 
board on  the  outside,  and  doubled  within,  after  having  taken 
ofl'  the  four  angles,  and  indented  and  platted  the  cover  at  the 
head-band.  The  book  is  now  covered  and  bound  between  two 
bands,  and  set  to  dry.  It  is  afterwards  washed  with  paste  and 
water,  and  then  sprinkled  with  a  brush  ;  if  marbling  be 
required  on  the  leathern  covers,  the  spots  are  made  by  the 
addition  of  vitriol.  The  book  is  glazed  with  the  white  of  an 
egg,  and  polished  with  a  hot  iron;  the  letters  and  ornaments 
are  made  with  gilding  tools,  or  brass  cylinders,  rolled  along  by 
a  handle.  To  apply  the  gold,  the  leather  is  glazed  with  whites 
of  eggs  diluted  with  water,  when  nearly  dry  the  gold  leaf  is 
laid  on,  and  the  letters,  or  ornaments,  are  made  with  tools 
heated  in  a  charcoal  fire.  For  preserving  books  from  the  depre- 
dations of  worms, — mineral  salts,  alum,  and  vitriol  should  be 
mixed  with  the  paste  used  by  bookbinders  ;  and  instead  of 
flower,  the  paste  should  bemado  of  starch.  A  little  pulverized 
alum  is  useful,  if  strewed  between  the  book  and  its  cover,  and 
upon  the  shelves  of  the  library.  A  few  drops  of  any  perfumed 
oil  will  secure  libraries  from  the  consuming  effects  of  mouldi- 
ness  and  damp.  Russian  leather,  which  is  perfumed  with  the 
tar  of  the  birch-tree,  never  moulders ;  and  merchants  suffer 
large  bales  of  this  article  to  lie  in  the  London  docks  in  the 
most  careless  manner,  knowing  that  it  cannot  sustain  any  injury 
from  damp. 

BOOM,  in  Marine  Fortification,  a  strong  iron  chain,  fastened 
to  a  number  of  spars,  and  extending  athwart  the  mouth  of  a 
harbour  or  river,  to  prevent  the  enemy's  vessels  from  entering, 
but  may  be  occasionally  sunk  or  removed. 

Boom,  a  long  pole  run  out  from  difl'erent  places  in  the  ship, 
to  extend  the  bottoms  of  particular  sails,  as  jib-boom,  flying 
jib-boom,  studding-sail  booms,  driver  or  spanker-boom,  ring- 
tail boom,  main-hoom,  square-sail  boom,  &c. 

Fire  Booms,  strong  poles  occasionally  thrust  out  from  a 
ship's  side,  &,c.  to  prevent  the  approach  of  fireships,  firestages, 
or  vessels  accidentally  on  fire. 

Booming,  among  Sailors,  denotes  the  application  of  a 
boom  to  the  sails.  Booming  of  the  sails  is  never  used  hut  in 
quarter  winds,  or  before  a  wind.  When  a  ship  is  said  to  come 
booming  tow  ards  us,  it  signifies  that  she  comes  w  ith  all  the  sail 
she  can  make. 

BOOTES  and  Mons  Menalus,  a  Constellation  in  the 
northern  hemisphere.  Grecian  fable  makes  Biiotes  to  be 
Areas,  a  son  of  Jupiter  and  Calisto.  Juno,  who  was  jealous 
of  Jupiter,  changed  Calisto  into  a  bear;  and  she  was  near  being 
killed  by  her  son  Areas  in  hunting.  Jupiter,  to  prevent  further 
mischief  from  huntsmen,  made  Calisto  the  constellation  Ursa 
Major,  and  on  the  death  of  Areas,  transferred  him  to  heaven, 
with  the  title  and  ofliee  of  Bear  Guard.  The  splendid  star 
Arclurus,  is  frequently  nienlioiied  in  holy  writ,  parlicularly  • 
in  the  book  of  Job.  This  star  is  placed  near  Virgo,  in  a  line 
with  Spica,  on  the  meridian  of  the  Ecliplie.  The  ancient 
Greeks  called  this  constellation  Lycaon.  The  Hebrews  call  it 
"  the  Barking  Dog."  The  Laiins,  among  other  names,  called 
Biiotes  Canis.  Going  bark  to  the  lime  when  Taurus  opened 
the  year,  and  when  Virgo  was  the  fifth  of  ihe  zodiacal  signs,  we 
shall  find  the  brilliant  star  Arclurus,  .so  remark.ibli'  for  its  red 
and  fiery  appearance,  corresponding  with  a  period  of  the  year 
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fts  remarkable  for  its  heat.  Pythagoras,  who  introduced  the 
true  system  of  the  universe  into  Greece,  received  it  from 
Oenuphis,  a  priest  of  On,  in  Egypt.  And  this  college  of  the 
priesthood  was  tlie  noblest  of  the  East,  in  cultivating  the  studies 
of  philosophy  and  astronomy.  Among  the  high  honours  which 
Pharaoh  conferred  on  Joseph,  he  very  wisely  gave  him  in  mar- 
riage "  a  daughter  of  the  priest  of  On."  Joseph  is  said  to  have 
died  1636  years  before  Christ.  The  supposed  era  of  the  history 
of  the  book  of  Job  is  fixed  1313  years  before  Christ.  These 
facts  ar§  900  years  prior  to  the  age  of  Pythagoras.  And  it  is 
4000  years  since  the  bull  ceased  to  be  the  leader  of  the  celestial 
host.  The  Greeks  cannot  then  claim  the  invention  of  the  con- 
stellation Bootes. 

Boundaries  and  Contents  of  this  Constellation: — North  by 
Draco,  east  by  Corona  Borealis  and  Serpens,  south  by  Virgo, 
and  west  by  Canes  Venatici  and  Coma  Bernices.  Bootes  con- 
tains 64  stars,  namely,  one  of  the  1st  magnitude,  six  of  the  3d, 
eleven  of  the  4th,  &c.  Arcturus,  the  largest  star  in  this  con- 
stellation, having  211°  64'  16"  right  ascension,  and  20°  8' 0" 
N.  declination,  rises  and  culminates,  at  Loudon,  as  in  the 
following  table  :  Meridian  Altitude,  58°  37'. 


Month. 

Jan. 

Feb. 
Mar. 
April 
May 
Jane 


Rises. 
bo.  mi. 
11   SO 

0   10 

7   30 

5  35 

3    13 

1  35 


CtlLM. 

Month. 

ho.  mi. 

7  15  M. 

July 

5     5  M. 

Aug. 

3  15  M. 

Sept. 

1  2ii  M. 

Oct. 

11  35    A. 

Nov. 

■J  30    A. 

Dec. 

R 

ISl'.S.       1 

ho. 

mi 

11 

26 

M. 

9 

22 

M. 

7 

18 

M. 

5 

18 

M. 

3 

15 

M. 

1 

14 

M. 

Culm. 
lio.  mi. 
7  35  A. 
5  30  A. 
3  33  A. 
1  41  A. 
1  45  M. 
9  30  M. 


Arcturus  rises  on  the  north-east  by  east  point  of  the  com- 
pass ;  and  from  the  circumstance  of  its  variation  being  greater, 
in  consequence  of  a  proper  motion  of  its  own,  it  is  supposed 
to  be  the  nearest  star  to  the  earth  of  any  in  the  northern 
hemisphere. 

BOOT-TOPPING,  the  operation  of  scraping  off  the  grass, 
slime,  shells,  SiC.  which  adhere  to  the  bottom  of  a  ship,  near 
the  surface  of  the  water,  and  daubing  it  over  with  a  mixture 
of  tallow,  sulphur,  and  rosin.  Boot-topping  is  chiefly  per- 
formed where  there  is  no  dock. 

BORAX,  in  Chemistry,  a  salt  in  appearance  somewhat  like 
crystals  of  alum,  brought  originally  from  the  East  Indies  in  an 
impure  state,  and  afterwards  freed  from  its  impurities  by  cer- 
tain processes  in  the  European  countries.  It  was  long  a 
matter  of  uncertainty,  whether  this  salt  be  a  natural  or  facti- 
tious substance  in  those  countries  from  whence  it  is  brought; 
but  it  is  now  beyond  a  doubt,  that  it  is  naturally  produced  in 
the  mountains  of  Thibet,  from  whence  other  parts  of  the  eastern 
continent  are  supplied.  It  is  produced  in  the  kingdom  of  Jum- 
late,  about  thirty  days'  journey  north  from  Betowie,  a  small 
principality  about  200  miles  north-east  of  Lucknow.  Tiie 
place  where  it  is  found  is  said  to  be  a  small  valley  surrounded 
with  snowy  mountains,  in  which  is  a  lake  about  six  miles  in 
circumference  ;  the  water  of  which  is  constantly  so  hot  that  tlie 
hand  cannot  bear  it  for  any  time.  Around  this  lake  the  ground 
is  perfectly  barren,  not  producing  even  a  blade  of  grass  ;  and 
the  earth  is  so  full  of  a  saline  matter,  that  after  falls  of  rain  or 
snow  it  concretes  in  white  Hakes  on  the  surface,  like  the  natron 
of  Hindostan.  On  the  banks  of  this  lake,  in  the  winter  season, 
when  the  falls  of  snow  begin,  the  earth  is  formed  into  small 
reservoirs  six  inches  high  ;  when  these  are  filled  with  snow,  the 
hot  water  from  the  lake  is  thrown  upon  it ;  which,  together 
with  the  water  from  the  melted  snow,  remains  in  the  reservoir, 
to  be  partly  absorbed  by  the  earth,  and  partly  evaporated  by 
the  sun  ;  after  which,  there  remains  at  the  bottom  a  cake  of 
sometimes  half  an  inch  thick  of  crude  borax,  which  is  taken  up 
and  reserved  for  use.  It  can  only  be  made  in  the  winter 
season,  because  the  falls  of  snow  are  indispensably  requisite, 
and  also  because  the  saline  appearances  upon  the  earth  are 
strongest  at  that  time.  When  once  it  has  been  made  on  any 
spot,  it  cannot  be  made  again  on  the  same  spot  till  the  snow 
has  fallen  and  dissolved  three  or  four  times,  when  the  saline 
efllorescence  appears  as  before. 

BORING,  in  a  general  sense,  the  art  of  perforating,  or 
making  a  hole  through  any  solid  body.  Boring  of  waterpipes 
is  as  l()l!i>ws  : — The  poles  of  alder,  which  is  a  very  useful  wood 
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in  making  pumps,  waterpipes,  &c.  being  laid  on  horses  or 
trestles  of  a  foot  height,  to  rest  the  auger  upon  while  they  are 
boring,  they  set  up  a  lathe  to  turn  the  least  end  of  the  poles, 
to  fit  them  to  Uie  cavities  of  the  great  end  of  the  others.  They 
turu  tlie  small  ends  of  the  poles  about  five  or  six  inches  in 
length,  to  the  size  they  intend  to  bore  the  bigger  ends  about 
the  same  depth,  viz.  five  or  six  inches.  This  is  designed  to 
make  a  joint  to  shut  each  pair  of  poles  together,  the  concave 
part  being  the  female  part,  and  the  other  the  male  of  the  joint. 
In  turning  the  male  part,  they  turn  the  channel  in  it,  or  a  small 
groove  at  a  certain  distance  from  the  end ,  and  in  the  female 
part  they  bore  a  small  hole  to  fit  over  this  channel.  This  being 
done,  thej  bore  the  poles  through  ;  and  to  prevent  them  from 
boring  out  at  the  side,  they  stick  great  nails  at  each  end  to  be 
a  guide  in  boring.  It  is  usual,  however,  to  bore  them  at  both 
ends ;  so  that  a  crooked  pole  can  be  bored  through  and  not 
spoil  it. 

Boring,  in  Farriery,  a  cruel  and  absurd  method  of  treating 
a  wrenched  shoulder. 

Boring,  in  Mineralogy,  a  method  of  piercing  the  earth  with 
scooping  irons,  which  being  drawn  back  at  proper  times,  bring 
up  with  them  samples  of  the  different  strata  through  which 
they  have  passed;  by  the  examination  of  which,  the  skilful 
mineralogist  will  be  able  to  guess  whereabouts  a  vein  of  ore, 
or  a  stratum  of  coal,  may  lie  ;  or  whether  it  will  be  worth  while 
to  open  a  mine  for  the  purpose  of  working  it. 

BOSCOVICH,  Roger  Joseph,  a  very  eminent  mathemati- 
cian and  philosopher,  was  born  May  11,  1711,  at  Ragusa.  He 
studied  Latin  grammar  in  the  schools  which  were  taught  by 
the  Jesuits,  in  his  native  city,  until  172.'>,  when,  in  consistence 
with  a  maxim  of  the  Jesuits,  to  send  their  most  eminent  pupils 
to  Rome  for  the  completion  of  their  education,  he  was  removed 
to  that  city.  After  tins  he  soon  acquired  very  great  reputation 
for  his  eminent  attainments  in  divinity  and  science :  at  three 
successive  periods  he  became  professor  of  mathematics  and 
astronomy  at  Rome,  at  Pavia,  and  at  Milan.  When  the  order 
of  Jesuits  was  suppressed,  be  was  invited  to  Paris,  and 
received  the  place  of  director  of  the  optical  instruments  of  the 
marine.  Previous  to  this,  however,  he  had  been  employed,  in 
conjunction  with  father  Maire,  in  measuring  a  degree  of  the 
meridian  in  Italy,  and  in  correcting  the  maps  of  the  papal 
state.  He  published  in  1756,  an  interesting  account  of  the 
expedition  in  which  these  objects  were  effected.  He  had  also 
been  employed  in  adjusting  a  disagreeable  affair  between  the 
republic  of  Lucca  and  the  regency  of  Tuscany  ;  and  in  a  simi- 
lar business  between  the  republic  of  Ragusa  and  the  court  of 
Great  Britain  ;  which  brought  him  to  London,  where  he  soon 
became  acquainted  with  the  most  celebrated  British  philoso- 
phers. He  remained  at  Paris  ten  years,  but  being  a  foreigner, 
his  celebrity  was  envied ;  this,  together  with  the  irreligion 
wliich  then  prevailed  among  the  French  philosophers,  was 
disagreeable  to  liim,  so  that  he  obtained  leave  for  two  years' 
absence  to  revisit  his  friends  in  Italy.  He  tarried  at  Bassano, 
where  he  printed  five  volumes  in  large  octavo,  containing  a 
real  treasure  of  optical  and  astronomical  knowledge.  From 
Bassano  he  went  to  Rome,  and  thence  to  Milan,  w  here  he  took 
up  his  abode,  being  in  the  neighbourhood  of  his  favourite 
observatory  at  Brera.  Here  he  continued  to  enjoy  the  plea- 
sures of  study  ;  and,  occasionally,  the  society  of  many  respected 
friends,  until  his  two  years  of  absence  were  nearly  expired: 
his  unwillingness  to  leave  Italy,  and  at  the  same  time  a  solici- 
tude to  avoid  the  charge  of  ingratitude  from  the  French  nation, 
occasioned  great  perplexity  of  mind,  which  was  followed  by 
deep  melancholy,  a  disordered  imagination,  and,  at  length, 
direct  insanity.  He  had,  indeed,  some  lucid  intervals,  and 
once  there  were  hopes  of  a  recovery;  but  he  soon  relapsed, 
and  an  imposthume  breaking  in  his  breast,  put  an  end  to  his 
mortal  existence  iii  February,  1787,  in  his  7()th  year. 

BOSSAGE,  in  Architeclure,  a  term  used  for  any  stone  that 
has  a  projecture,  and  is  laid  rough  in  a  building,  to  be  after- 
wards carved  into  mouldings,  capitals,  coats  of  arms,  &c. 
Bossagc  is  also  that  wliich  is  otherwise  calhd  rustic  work  ;  and 
consists  of  stones  which  advance  beyond  the  naked  or  level  of 
the  building,  by  reason  of  indentures  or  channels  left  in  the 
joinings.  These  are  chielly  used  in  the  corners  of  edifices, 
and  thence  called  rustic  quoins.  The  cavities  or  indentures  are 
2  H 


US 


B  O  T 


DICTIONARY    OF    MECHANICAL    SCIENCE. 


B  O  T 


sometimes  round,  sometimes  cliain-framed,  or  bevelled,  some- 
times in  a  diamond  form,  sometimes  enclosed  with  a  cavetto, 
and  eometiaies  "ith  a  listel. 

BOTANY.  The  history  of  the  vepetahle  kingdom,  or,  as  it 
is  termed,  Botany,  is  a  science  whicli  iiichults  the  practical 
discrimination,  the  methodical  arrangement,  and  tlie  syste- 
matic nomenclature,  of  vegelaMes.  Veg-ctables  are  orjianlzed 
productions,  supported  by  air  and  food,  endowed  with  life, 
and  subject  to  death,  like  animals.  They  have,  in  some 
instances,  spontatieous.  not  voluntary  motion.  They  are  sen- 
sible to  the  supply  of  nourishment,  the  action  of  the  air  and 
lifjht,  and  thrive  or  languish  accordinj;  to  the  wholesome  ap- 
plication of  these  stimulants.  This  is  evident  to  all  who  have 
ever  seen  a  plant  p:rowing  in  a  situation  for  which  it  is  not 
suitable.  Those  who  have  gathered  a  rose,  know  how  soon  it 
withers  ;  and  the  familiar  application  of  its  fate  to  that  of  human 
life  and  beauty,  is  not  more  striking  to  the  imagination,  than 
philosophically  correct. 

The  external  covering  of  plants  is  commonly  transparent 
and  smooth  ;  but  sometimes  it  is  downy;  and  sometimes  so 
hard,  that  llint  has  been  detected  in  its  composition.  The 
Dutch  rush  serves  as  a  file  to  polish  wood,  ivory,  and  even 
brass.  Under  the  cuticle,  is  found  the  cellular  internment  of  a 
pulpy  texture,  and  the  seat  of  colour.  It  is  usually  green  in 
the  leaves  and  stems,  and  is  dependent  for  its  hue  on  the 
action  of  light.  When  the  cellular  integument  is  removed,  the 
bark  presents  itself;  in  plants  and  branches  only  one  year  old, 
the  bark  consists  of  a  simple  layer.  In  the  branches  and  stems 
of  trees,  it  consists  of  as  many  layers  as  they  are  years  old. 
The  Peruvian  bark  affords  '  a  cooling  draught  to  the  fevered 
lip  ;'  that  of  the  cinnamon  yields  a  rich  cordial  ;  that  which  is 
stripped  from  the  oak,  is  used  for  tanning.  Immediately  under 
the  hark  is  situated  the  wood,  which  forms  the  great  bulk  of 
trees  and  shrubs.  This  also  consists  of  numerous  layers,  as 
may  be  observed  in  the  fir,  and  other  trees ;  and  from  these 
concentric  circles,  the  age  of  the  tree  is  determined.  Within 
tlie  centre  of  the  wood  is  the  metlalln  or  pilh,  a  cellular  sub- 
stance, juicy  when  young,  extending  from  the  roots  to  the  sum- 
mits of  the  branches.  In  some  plants,  as  in  grasses,  it  is  hol- 
low, merely  lining  the  stem.  The  trunk  enlarges  by  the  forma- 
tion o"f  the  new  liher,  or  inner  bark,  every  year,  the  undermost 
layer  is  transformed  into  cortex,  or  outer  bark,  becoming  the 
labnrnam,  or  soft  wood  of  the  next,  and  the  laburnam  becoming 
the  li//niim.  or  hard  wood. 

The  chemical  or  elementary  principles  of  vegetables,  are, 
carbon,  water,  and  air ;  or  hydrogen  13  parts,  and  oxygen  85 
parts,  for  the  constituent  parts  of  100,  water;  and  azote  and 
nitrogen  72,  and  oxygen  28,  as  the  constituent  parts  of  100, 
atmospheric  air,  and  carbon. 

Vegetables  generate  or  give  out  oxygen  or  vital  air,  in  the 
light  or  sunshine,  by  a  natural  process  of  their  own.  The  sac- 
charine and  oily  productions  of  vegetables  are  parts  of  their 
sap  or  juices  ;  but  the  turpentine,  bitter,  and  acid  principles, 
are  effects  of  secretion.  The  green  colour  of  vegetables  arises 
from  the  oil  they  contain ;  tlie  rays  of  the  sun  extract  the 
o-xygen  from  the  outer  surface,  and  leave  the  carbon  and 
hydrogen  the  constituent  parts  of  oil.  Healthy  vegetables,  in 
general,  perspire  water  by  the  under  part  of  their  leaves,  equal 
to  one-third  of  their  w  eight,  every  twenty-four  hours.  Nor  do 
they  derive  their  substance  in  a  principal  degree  from  the  mat- 
ter of  the  soil  in  which  they  grow;  but  they  are  created  as  it 
were  by  a  vital  principle  of  their  own,  out  of  air  and  water,  and 
of  the  imperceptible  matters  combined  with  air  and  water, 
from  which  they  derive  distinctions  of  smell,  taste,  and  sub- 
stance. 

The  general  constituent  principles  of  vegetables,  viz.  hydro- 
gen, carbon,  oxygen,  &c.  do  not  exist  in  them  in  a  simple  and 
uncombined  state,  but  joined  in  various  proportions,  forming 
compound  substances,  that  make  up  the  whole  vegetable  ;  and 
the  following  are  the  principal  substances  met  with  in  vege- 
tables; — 1  Mucilage.  2.  Fixed  and  volatUe  oils.  3.  Resin. 
4.  Oum  resins.  .5.  Caoutchouc.  fi.  Camphor.  7.  Wax. 
8.  Honey.  9.  Sugar.  10.  Gluten.  11.  Fecula.  12.  Tannin. 
13.  Woody  fibre.  14.  Colouring  matter,  lo.  Acids.  16.  Mis- 
cellaneous substances.— 17.  And)er,  and  18.  Asphaltum,  are 
also  supposed  to  be  of  vegetable  origin. 


Mucilaf/e.  Various  parts  of  vegetables  impart  to  water,  if 
boiled  with  them,  a  certain  viscous  matter,  causing  consistency. 
This  is  called  niucilage.  Some  trees  suffer  their  mucilage  to 
transude,  some  spontaneously,  or  by  incisions  made  in  them. 
When  it  has  become  concrete  by  drying  in  the  air,  it  is  called 
gum.  In  this  way  gum  arable,  gum  Senegal,  and  cherry-tree 
gum,  are  formed.  Mucilage  is  without  taste  ;  soluble  in  water, 
hut  not  in  oils  or  alcohol.  It  is  not  changed  by  exposure  to  the 
air.  From  the  experiments  of  Cruikshank,  it  appears  to  con- 
sist of  oxygen,  hydrogen,  nitrogen,  carbon,  and  lime. — Fixed 
and  Volatile  Oils.  Oil  is  composed  of  carbon  and  hydrogen, 
with  a  small  portion  of  oxygen.  Oils  are  divided  into  fat  or 
fixed  oils,  and  volatile  or  essential  oils.  Fixed  oil  is  usually 
obtained  by  expression,  chiefly  from  the  seed  and  kernels  of 
plants.  Volatile  oil  is  procured  by  distilling  aromatic  plants 
with  water. — Resins  exist  in  the  vessels  of  certain  trees,  and 
frequently  exude  from  them  spontaneously.  Sometimes  they 
are  procured  by  making  incisions  in  the  trees,  and  sometimes 
by  distilling  the  wood.  They  are  considered  as  volatile  oils 
combined  with  oxygen.  They  are  soluble  in  alcohol  and  oils, 
but  not  in  water.  It  is  this  property  that  renders  them  so 
valuable  as  varnishes.  They  are  very  intlammahle,  and  melt 
with  a  slight  heat.  The  principal  resins  are  the  turpentine, 
the  guaiacum,  mastic,  copal,  and  sandarac. — Gu7n  resins  appear 
to  he  a  natural  mixture  of  resin  and  mucilage.  They  are  partly 
soluble  in  water,  and  partly  in  alcohol.  Gum  ammoniac, 
assafoetida,  and  opium,  arc  gum  resins. — Caoutchouc,  elastic 
gum,  or  Indian  rubber,  resembles  a  resinous  gum.  It  is  elastic, 
inflammable,  and  insoluble  in  water  or  fat  oils.  It  is  partly 
soluble  in  volatile  oils,  and  entirely  so  in  nitric  ether.  It  is 
the  juice  of  a  tree  of  the  euphorbia  tribe.  When  first  exuded, 
it  is  of  a  milky  consistence  and  colour,  but  it  gradually  thick- 
ens, and  is  blackened  by  smoke,  as  It  Hows  round  the  clay  balls 
on  which  the  bottles  are  made.  It  is  cut  easily,  if  the  knife  be 
dipped  in  water. — Camphor,  a  volatile  oil,  is  extracted  from  a 
species  of  laurel  which  grows  in  China,  and  the  East  Indies. 
It  is  very  inflammable,  and  sublimes  by  a  gentle  heat.  It  is 
soluble  in  ether,  alcohol,  the  oils,  and  acetic  acid.  It  is  highly 
odorous,  and  prevents  the  spreading  of  contagious  disorders. — 
Wax.  a  vegetable  substance,  found  in  the  greatest  quantity  on 
the  anthers  of  flowers,  and  collected  by  bees,  is  insoluble  in 
water  and  alcohol,  but  soluble  in  volatile  and  fixed  oils.  It  is 
very  inflammable.  Its  components  are  the  same  as  those  of 
volatile  oils. — Honey  is  formed  chiefly  in  the  pistils  or  female 
organs  of  flowers,  whence  it  is  collected  by  the  bees  :  it  appears 
to  be  sugar  dissolved  in  mucilage. — Sugar  is  produced  in  the 
greatest  quantity  from  tlic  sugar  cane ;  but  it  may  also  be 
obtained  from  the  sugar  maple,  the  beet-root,  carrot,  &c.  Its 
constituents  are  oxygen,  carbon,  and  hydrogen. — Gluten,  an 
elastic  viscid  substance,  is  found  in  vegetables,  and  chiefly  in 
wheat  flour  ;  it  is  soluble  in  water,  and  very  slightly  so  in 
alcohol. — Fecula.  or  Starch,  forms  the  principal  part  of  the 
substance  which  is  washed  away  in  order  to  obtain  the  gluten 
from  the  grain.  When  the  fluid  is  suliered  lo  stand,  a  white 
powder  subsides,  which  is  the  starch.  It  is  also  obtained 
from  potatoes. —  Tannin  matter  is  found  in  the  gall  nut,  the 
bark  of  oak  trees,  and  other  astringent  parts  of  vegetables. — 
Woody  fibre,  constituting  the  basis  of  wood,  may  be  separated 
from  every  other  substance,  by  boiling  wood  shavings  in 
water  to  dissolve  the  extractive  matter,  and  then  in  alcohol  to 
separate  the  resins,  ike. — Coluiirivy  matter  is  found  in  vege- 
tables combined  with,  I,  the  extractive  principle;  2,  with 
resins;  .^,  viith  fecula;  4,  with  gum.— /IciV/i,  existing  ready 
formed  in  vegetables,  are  the  citric,  malic,  oxalic,  gallic, 
benzoic,  tartaric,  acetous,  suberic.  Besides  which,  we  find 
various  other  substances  in  vegetables,  as  sulphur,  iron,  man- 
ganese, lime,  aluniine,  magnesia,  barytcs,  &c. 

Roots  are  necessary  to  fix  and  hold  plants  in  the  earth,  from 
which  they  imbibe  nourishment.  Roots  arc  either  annual,  or 
living  for  one  season,  as  in  barley;  biennial,  which  survive  one 
winter,  and,  after  perfecting  their  seed,  pi'rish  at  the  end  of  tlie 
following  summer,  as  wheat;  or  perennial,  which  remain  and 
produce  blossoms  for  an  indefinite  number  of  years,  as  those 
of  trees  and  shrubs  in  general.  The  root  consists  of  two  parts  : 
the  caudex  or  slump,  which  is  the  body  or  knot  of  the  root,  from 
which  the  trunk  and  branches  ascend,   and  the  fibrous  roots 
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branching  from  the  caudex. — Buds  are,  in  most  instances, 
guarded  by  scales,  and  furnished  with  gum  or  woolliness,  as  an 
additional  defence.  Buds  are  various  in  their  forms,  but  very 
uniform  in  the  same  species,  or  even  genus.  They  unfold  the 
embryo  plant. — Tlie  trunk  of  a  tree  includes  the  stems  or  stalks. 
The  stem,  as  it  advances  in  growth,  either  supports  ilself,  or 
twines  round  other  bodies.  It  is  either  simple,  as  in  the  lily  ; 
or  branched,  as  in  other  plants. — Leaves  are  generally  so 
formed  as  to  present  a  large  surface  to  the  atmosphere.  When 
of  any  other  hue  than  green,  Ihey  are  said  to  be  coloured.  The 
internal  surface  of  a  leaf  is  vascular  and  pulpy,  clothed  with  a 
cuticle,  very  various  in  diflerent  plants,  but  its  pores  are 
always  so  constructed,  as  to  admit  of  the  requisite  evaporation 
or  absorption  of  moisture,  as  well  as  to  admit  and  give  out  air, 
and  light  also  acts  through  this  cuticle. 

The  effect  of  moisture  must  have  been  observed  by  every  one. 
By  absorption  from  the  atmosphere,  the  leaves  are  refreshed  ; 
by  evaporation,  when  separated  from  their  stalks,  they  soon 
fade  and  wither.  The  nutritious  juices,  imbibed  from  the 
earth,  become  sap,  and  are  carried  by  appropriate  vessels  into 
the  substance  of  the  leaves,  and  these  juices  are  returned  from 
each  leaf  into  the  bark.  This  is  effected  by  a  double  set  of 
vessels,  analogous  to  the  arteries  and  veins  in  animals,  and  is 
the  circulation  of  the  vegetable  blood  or  sap.  The  sap  is  car- 
ried into  the  leaves  for  the  purpose  of  being  acted  upon  by  air 
and  light,  with  the  assistance  of  heat  and  moisture,  and  by  all 
these  agents,  a  most  material  change  is  wrought  in  the  com- 
ponent parts  of  the  sap,  according  lo  the  nature  of  the  secre- 
tions. The  green  colour  of  the  leaves  is  owing  to  the  action  of 
light,  but  they  are  subject  to  a  disease  by  which  they  become 
partially  spotted  or  streaked,  and  in  this  state  are  variegated. 
The  irritable  nature  of  leaves  is  very  extraordinary,  for  the 
sensitive  plant,  common  in  hot-houses,  when  touched  by  any 
extraneous  body,  folds  up  its  leaves  one  after  another,  and  the 
footstalks  droop,  as  if  dying. 

Props,  or  falera,  are  appendages  to  the  true  leaves,  or  to  their 
stalks.  Inflorescence,  treats  of  the  different  kinds  or  modes  of 
flowering.  Sometimes  the  llowers  surround  the  stem  in  a  gar- 
land or  ring,  as  in  mint,  deadnettle,  &c.  In  other  plants,  a 
cluster,  which  bears  several  flowers,  each  on  its  own  stalk,  like  a 
bunch  of  currants.  In  other  plants,  numerous  crowded  ilowers 
are  ranged  along  an  upright,  common  stalk,  expanding  pro- 
gressively, as  in  wheat  and  barley.  Again,  we  find  a  flat-top- 
ped spike,  as  in  the  cabbage  and  vvallllower. 

Fructification  is  a  term  comprehending  not  only  the  parts  of 
the  fruit,  but  those  of  the  flower.  The  parts  of  fructification 
are  described  by  many  technical  words,  l)ut  include  chiefly  the 
flowercup,  or  external  covering  of  the  flower  ;  the  calix,  con- 
sisting in  general  of  the  coloured  leaves  of  the  flower  ;  the 
stamens,  and  the  cells  containing  the  pollen  or  fecundating 
dust:  the  pistils  stand  in  the  centre  of  the  circles  formed  by 
the  stamens,  and  consist  of  the  germen  or  rudiments  of  the 
future  fruit  or  seed;  the  seed  are  composed  of  the  embryo  or 
germ,  and  are  often  accompanied  by  accessory  parts  ;  as 
spines,  hooks,  scales,  and  crests,  generally  serving  to  attach 
such  seeds  as  are  furnished  with  them,  to  the  rough  coats  of 
animals,  and  thus  promote  their  dispersion. 

Classification,  though  last  in  order,  is  first  in  importance ; 
and  of  all  the  systems  of  botany,  that  of  Linnaeus,  now  gene- 
rally acknowledged  and  adopted,  is  founded  on  the  number, 
situation,  and  proportion  of  the  stamens  and  pistils,  whose 
uses  and  structure  have  been  just  explained.  The  following 
twenty-four  Classes  owe  their  distinctions  principally  to  the 
stamens. 

The  Classes;  or.  Primary  Divisions  of  the  Sexual  System. 
(See  the  Plate.) 

Fig.  1.  MoNANDRiA,  flowers  with  one  stamen.— 2.  Diandria, 
flowers  with  two  stamens.— ,3.  Triandria,  flowers  with  three 
stamens.— 4.  Tetrandria,  flowers  with  four  stamens,  all  of 
the  same  length.— 5.  Pkntanpria,  flowers  with  five  stamens. — 
6.  Hexandria,  flowers  with  six  stamens,  all  of  the  same 
length. — 7.  Heptandrfa,  flowers  with  seven  stamens. — 8. 
OcTANDRiA,  flowers  with  eight  stamens.  —  9.  Enneandria, 
flowers  with  nine  stamens.— 10.  Decandria,  flowers  with 
ten  stamens.— U.  Dodecandria,  flowers  with  twelve  stamens. 


— 12.  IcosANDRiA,  flowers  with  about  twenty  stamens,  attached 
to  the  calix,  or  sometimes,  in  part,  to  the  corolla. — 13.  Poly- 
ANDRiA,  flowers  most  commonly  with  more  than  twenty  sta- 
mens, attached  to  the  receptacle. — 14.  Didynamia,  flowers 
with  two  longer  stamens. — -15.  Tetradynamia,  flowers  with 
four  longer  stamens. — 16.  Monadelphi  A,  filaments  united  into 
one  brotherhood. — 17.  Diadelphia,  filaments  forming  two 
brotherhoods. — 18.  Polyadelphia,  filaments  forming  more 
than  two  brotherhoods. — 19.  Syngenesia,  anthers  united,  com- 
posing a  hollow  cylinder,  through  which  the  style  passes. — 20, 
Gynandria,  stamens  on  the  pistil. — 21.  Moncecia,  staniini- 
ferous  and  pistiliferous  flowers  on  the  same  plant. — 22.  DlOiCiA, 
slaminiferous  and  pistiliferous  flowers  on  different  plants. — 23. 
Polygamia,  diflerent  dispositions  on  the  same  plant. — 24. 
Cryptogamia,  flowers  inconspicuous. 

The  Orders;  or.  Secondary  Divisions  of  the  Sexual  System, 

Fig.  1.  fllonoyynia,  containing  hermaphrodite  flowers  with 
one  pistil,  or  female  organ. — 2.  Diffynia,  hermaphrodite  flowers 
with  two  pistils  ;  a,  the  pistils  detached  from  the  flower. — 3. 
Trigynia,  hermaphrodite  flowers  with  two  pistils  ;  a,  the  pis- 
tils separated  from  the  flower. — 4.  Tetragynia,  hermaphrodite 
flowers  with  four  pistils  ;  o,  the  pistils  separated  from  the 
flower. — 5.  Pcn<n_9!/nia,  hermaphrodite  flowers  with  five  pistils  ; 
n,  the  pistils  separated  from  the  flower.  —  6.  Hexagynia, 
hermaphrodite  flowers  with  six  pistils;  a,  the  pistils  separated 
from  the  flower. — 7.  Heptagynia,  hermaphrodite  flowers  with 
seven  pistils ;  «,  the  pistils  detached  from  the  flower.— 8. 
Decagynia,  hermaphrodite  flowers  with  ten  pistils  ;  a,  the  pis- 
tils separated  from  the  flower. — 9.  Dodecagynia,  hermaphrodite 
flowers  with  twelve  pistils,  or  female  organs. — 10.  Polygi/nia, 
hermaphrodite  flowers  containing  an  indefinite  number  of  pis- 
tils, or  female  organs. — 11.  Gi/mnospermia.  the  name  of  the 
first  order  in  the  class  Didynamia;  in  which  a  represents  a 
longitudinal  section  of  the  flower,  to  display  the  four  naked 
seeds  in  the  bottom  of  the  calix. — 12.  Angiospermia,  the  name 
of  the  second  order  in  the  class  Didynamia,  containing  such 
hermaphrodite  flowers  with  four  stamens,  two  longer  than  the 
others,  as  have  their  seeds  contained  in  a  vessel ;  «,  the  peri- 
carp, or  vessel,  detached  from  the  flower. — 13.  Silictihsa,  the 
first  order  in  the  class  Tetradynamia,  containing  such  flowers 
possessed  of  the  classical  character,  as  have  their  seeds  con- 
tained in  a  short  round  pod  ;  a,  the  silicula,  or  pod,  divided,  to 
shew  the  seeds  separated  from  the  flower. — 14.  Silii/uosa,  the 
second  order  in  the  class  Tetradynamia,  containing  such 
flowers  possessed  of  the  classical  character,  as  have  their 
seeds  contained  in  a  silif/ua,  or  long  slender  pod,  to  each  suture 
of  «  hicli  they  are  alternately  attached  ;  a,  the  siliqua  detaclMjd. — 
15.  Polygamia  jEqualis,  the  first  order  in  the  class  Syngexe- 
siA;  rt,  a  floret  separated  from  the  aggregate. — 16.  Polygamia 
Superftiia,  the  second  order  in  the  class  Syngenesia  ;  a, 
represents  a  female  floret  in  the  circumference  or  ray  ;  i,  an 
hermaphrodite  floret  in  the  centre  or  disk. — 17.  Polygamia 
Fnistranea,  the  third  order  in  the  class  Syngenesia. — 18. 
Polygamia  Necessaria,  the  fourth  order  in  the  class  Syngene- 
sia.— 19.  Polygamia  Segregala,  the  fifth  order  in  the  class  .Syn- 
genesia ;  a,  a  fioret  with  its  proper  flower-cup  detached  from 
the  aggregate. — 20.  Monogamia,  the  sixth  order  in  the  class 
Syngenesia  ;  «,  representing  a  section  of  the  flower,  to 
exhibit  the  union  of  the  stamens  by  the  anthers. — 21,  22,  23. 
Trio'cia,  the  third  order  in  the  class  Polygamic,  in  which  her- 
maphrodite flowers  are  intermingled  with  male  or  female 
flowers,  or  both,  on  one,  two,  or  three  plants. — 24.  FUices, 
Ferns,  the  first  order;  25.  Musci,  Mosses,  the  second  order; 
26.  Algte,  Sea-weed,  &c.  the  third  order;  27.  Fungi,  Mush- 
rooms,  the  fourth  order;  in  the  class  Cryptogamia. 

In  the  class  Cryptogamia  two  other  orders  are  reckoned, 
viz.  HepatiC/E,  small  herbaceous  plants  resembling  Mosses; 
and  MiscELLANE/E,  including  plants  not  easily  referable  to  any 
of  the  five  foregoing  orders. 

The  orders,  or  subdivisions  of  the  classes,  arc  generally 
marked  by  the  numlier  of  the  pistils,  or  by  some  other  circum- 
stance equally  itilelligilile.  The  names  of  these,  as  well  as  of 
the  classes,  are  both  of  Greek  derivation,  and  designate  the 
functions  of  the  respective  organs.  A  further  division  of  the 
orders,   founded   on   distinctions    in  the  nectarium,   lead   to 
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genera.  Otlier  divisions  of  the  genera,  in  regard  to  the  root, 
trunk,  leaves.  &c.  lead  to  species;  and  casual  ditrerence  iu 
species  are  called  varieties. 

We  have,  in  the  American  reed,  an  instance  of  the  Monandria 
monogynia,  that  is,  a  llower  with  one  stamen  and  one  pistil. 
In  the  jasmine  we  see  an  instance  of  the  Uiandria  monogynia, 
or  flower  that  has  two  stamens  and  one  pistil.  In  the  linuni  or 
(lax,  there  are  five  stamens  and  five  pistils  ;  and  the  (lower  is 
called  Pentandria  pcntagynia,  that  is,  one  having  live  males 
and  five  females ;  and  so  of  the  rest. 

The  study  of  IJotany  has  been  applied  as  a  guide  to  estimate 
the  qualities  of  plants.  The  first  order  of  the  fourteenth  class, 
denominated  "  Didjnamia  gymnospermia,"  are  all  innocent  or 
wholesome  ;  those  of  tlie  other  order  are  febrile,  narcotic,  and 
dangerous,  being  allied  to  a  large  part  of  the  Pentandria  mono- 
gynia,  known  to  be  poisonous,  as  containing  henbane,  night- 
shade, and  tobacco.  The  whole  class  Tctradynamia  is  whole- 
some. Whenever  the  stamens  are  found  to  grow  out  of  the 
calyx,  they  indicate  the  pulpy  fruits  of  such  plants  to  be  whole- 
some, except  the  seeds  of  the  laburnum,  which,  if  eaten  unripe, 
are  violently  emetic  and  dangerous.  Milky  plants  arc  gene- 
rally to  be  suspected.  Umbelliferous  plants,  which  grow  in  dry 
or  elevated  situations,  are  aromatic,  safe,  and  often  whole- 
some, while  those  that  inhabit  low  and  watery  places  are 
among  the  most  deadly  poisons. 

The  natural  substances  found  in  all  vegetables  are.  sugar,  in 
the  sugar-cane,  beet,  carrots,  &c. ;  gum,  or  mucilage,  oozing 
from  many  trees  ;  jelly,  procured  from  many  fruits  ;  turpentine 
and  tar,  from  the  pine  ;  bitters,  from  hops  and  quassia ;  and 
the  narcotic  principle  from  the  milk  of  poppie.s,  lettuce,  &c. 

The  vegetables  of  greatest  value  to  man,  produce  gluten  or 
starch  ;  as  wheat,  potatoes,  barley,  beans,  &c.  Oils  are  pro- 
duced by  pressing  the  seeds  or  kernels  of  vegetables  ;  as 
olives,  almonds,  linseed,  &c.  Volatile  oils  are  distilled  from 
peppermint,  lavender,  &c.  Wax  is  collected  from  all  (lowers 
by  bees.  Resins  exude  like  gum  from  firs  and  other  trees ; 
and  are  known  as  balsams,  varnishes,  turpentine,  tar,  pitch, 
&c.  Of  this  class  too,  is  Indian  rubber;  which  is  a  gum  that 
exudes  from  a  certain  tree  in  South  America.  And  iron  also 
mixes  with  the  substance  of  most  vegetables,  and  is  the  cause 
of  the  beautiful  colours  of  flowers.  Potash  is  obtained  from 
the  ashes  of  burnt  vegetables  ;  as  kelp,  vine,  fern,  &c. 

Anatomy  of  Plants. —  In  order  to  comprehend  this  subject, 
the  following  general  principles  may  be  of  service ;  they  may 
be  verified  in  most  plants ;  and  observation  is  here  the  best 
teacher.  First,  all  plants  do  not  perspire.  2.  That  there  is 
not  in  all  plants  an  uniform  circulation  of  sap.  .3.  In  general, 
the  spiral  wire  is  the  muscle  of  the  plant.  4.  The  leaves  are 
for  the  most  part  the  lungs  of  the  plant.  6.  The  diflerent 
divisions  of  the  leaves  are  formed  of  the  elongations  of  the 
bark  and  inner  bark  vessels.  6.  Hairs  and  instruments  of  that 
kind  are  the  means  which  Nature  takes  to  form  the  dillerent 
juices  according  to  their  various  affinities.  That  these  figures 
were  taken  for  perspiration,  but  are  in  reality  liquids  received 
from  the  atmosphere  and  (lowing  into  the  plant,  not  a  juice 
running  from  it.  7.  The  root  is  the  grand  laboratory  of  all 
plants,  where  the  great  chemical  operations  are  going  on.  8. 
The  heart  of  the  seeds  is  formed  in  the  extremities  of  the  side 
roots.  !).  The  (lower  is  also  formed  in  the  middle  root,  and 
the  pollen  in  the  tap  root.  10.  The  corolla  of  a  llower  is  formed 
by  bubbles  of  water  placed  in  rows,  and  owes  all  its  beauty, 
and  the  lightness  of  its  tint,  to  the  refraction  and  reflection  of 
the  sun  on  the  drops  of  water  which  form  its  pabulum.  This 
thought  of  apparent  subtilty  is  nevertheless  verified  by  experi- 
ment. 11.  The  roots  and  leaves  of  a  plant  will  most  exactly 
mark  not  only  what  is  the  soil  in  which  they  originally  grew, 
but  the  situation  from  which  they  came,  whether  a  water  plant 
or  a  dry  plant,  a  rock  or  a  valley  plant,  &c.  12.  The  water, 
semi-water,  and  rock  plants  alone  can  be  said  to  have  direct 
air-vessels,  though  these  may  be  found  in  parasi(c  and  early 
.spring  plants,  such  as  the  crocus  and  hyacinth. 

BOW.SPIJIT,  a  large  boom  or  mast,  which  projects  over  the 
stem,  to  carry  sail  forward,  ami  counteract  the  force  of  the 
aftcrsails,  or  those  cxtendid  behind.  The  bowsprit  should  be 
two-thirds  of  the  length  of  the  mainmast,  and  its  thickness 
equal  to  the  mizenmast :  when  it  is  twelve  fullioms  five  feet 


long,  its  yard  must  be  eight  fathoms  two  feet  long,  and  the  top- 
mast of  the  bowsprit  three  fathoms  and  one  foot. 

BOYLE,  Robert,  one  of  the  greatest  philosophers  of  the 
seventeenth  century,  was  born  at  Lismore,  in  Ireland,  January 
25,  162(),  the  year  in  which  the  sciences  were  deprived  of  their 
greatest  ornament.  Lord  Bacon,  whose  plans  ot  experimental 
philosophy  our  author  afterwards  so  ably  seconded  and  im- 
proved. Boyle  was  one  of  the  first  of  those  illustrious  men 
who  formed  the  Royal  Society,  in  1645,  for  the  purpose  of 
improving  experimental  knowledge,  upon  the  plan  laid  down 
by  Bacon;  which  society  being,  in  1654,  removed  to  Oxford, 
he  went  to  reside  there,  where  he  very  much  improved  the  air- 
pump,  which  led  him  to  the  discovery  of  several  of  the  proper- 
ties of  air.  He  also  published,  during  his  residence  at  Oxford, 
several  works  relating  to  the  properties  of  air,  and  other  phi- 
losophical subjects  ;  and  in  1668  returned  to  London,  where  he 
continued  to  reside  till  his  death,  which  happened  iu  the  year 
1691,  in  the  65th  year  of  his  age.  Boyle  was  auUior  of  a  very 
great  number  of  important  works,  beautiful  editions  of  which 
have  been  published  in  London,  in  five  volumes  folio,  and  six 
volumes  quarto.  Dr.  Shaw  also  published,  in  three  volumes 
quarto,  the  same  works  "  abridged,  methodized,  and  disposed 
under  the  general  heads  of  Physics,  .Statics,  Pneumatics, 
Natural  History,  Chemistry,  and  Medicine  ;"  to  which  he  has 
prefixed  a  short  catalogue  of  the  philosophical  writings,  accord- 
ing to  the  order  of  time  when  they  were  published,  &c. 

BRAHE,  Tycho,  a  famous  Danish  astronomer,  born  of  a 
noble  family,  in  Knndstorp,  1546,  read  lectures  on  astrono- 
my at  Copenhagen,  in  1574,  by  order  of  the  king ;  who  also 
built  for  him  an  observatory  in  the  isle  of  Huen  in  the  Sound, 
the  building  being  called  Uranibourg,  where  he  resided  about 
20  years,  pursuing  his  studies,  making  observations,  and 
receiving  visits  from  the  most  illustrious  personages.  On  the 
death  of  the  king  he  lost  his  pension,  and  went  to  Prague, 
where  he  was  introduced  to  the  emperor  Rodolphus  :  who 
treated  him  respectfully  ;  gave  him  a  magnificent  house,  fit 
for  astronomical  observations  ;  and  assigned  him  a  pension  of 
30t10  crowns.  Here  then  he  settled  in  the  latter  part  of  1598, 
with  his  sons  and  scholars,  and  among  them  the  celebrated 
Kepler.  But  he  did  not  long  enjoy  this  happy  situation ;  for, 
about  three  years  after,  he  died,  in  the  55th  year  of  his  age, 
and  was  interred  iu  a  very  magnificent  manner  in  the  principal 
church  at  Prague,  where  a  noble  monument  was  erected  to 
him  ;  leaving,  beside  his  wife,  two  sons  and  four  daughters. 
The  skill  of  Tycho  Brahe  in  astronomy  is  universally  known, 
and  his  works  are  very  numerous  and  valuable. 

BR.\MAH'S  Machine,  or  Hydrostatic  Press,  kc.  consists  in 
the  application  of  water,  or  dense  fluids,  to  engines,  so  as,  in 
some  instances,  to  cause  them  to  act  with  immense  force  ;  in 
others,  to  communicate  the  motion  and  powers  of  one  part  of 
a  machine  to  some  other  part  of  the  same  machine  ;  and,  lastly, 
to  communicate  the  motion  and  force  of  one  machine  to 
another,  where  local  situations  preclude  the  application  of 
other  methods  of  connexion. 

The  first  and  most  material  part  of  this  invention  will  be 
clearly  understood  by  an  inspection  of  the  figure  in  the  next 
page,  where  A  is  a  cylinder  of  iron,  or  other  materials,  suffi- 
ciently strong,  and  bored  perfectly  smooth  and  cylindrical; 
into  which  is  fitted  the  piston  B.  which  must  be  made  perfectly 
water-tight,  by  leather  or  other  materials,  as  used  in  pump- 
making.  The  bottom  of  the  cylinder  must  also  be  made  suffi- 
ciently strong  with  the  other  part  of  the  surface,  to  be  capable 
of  resisting  the  greatest  force  or  strain  that  may  at  any  time 
be  required.  In  the  bottom  of  the  cylinder  is  inserted  the  end 
of  the  tube  C;  the  aperture  of  which  couununicates  with  the 
inside  of  the  cj  Under,  under  the  piston  15,  where  it  is  shut  with 
the  small  valve  I),  the  same  as  the  suction-pipe  of  a  common 
pump.  The  other  end  of  the  tube  C  communicates  with  the 
small  forcing-pump  or  injector  E,  by  means  of  which,  water  or 
other  dense  fluids  can  be  forced  or  injected  into  the  cylinder 
A,  under  the  piston  B.  Now,  suppose  the  diameter  of  the 
cylinder  A  to  be  12  inches,  and  the  diameter  of  the  piston  of 
the  small  pump  or  injector  E  only  one  quarter  of  an  inch,  the 
proportion  between  the  two  surfaces  or  ends  of  the  said  pis- 
tons will  be  as  1  to  2.'i04 ;  and  supposing  the  intermediate 
space  between  them  to  be  filled  with  water  or  other  dense 
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fluid  capable  of  sufficient  resistance,  the  force  of  one  piston 
will  act  on  tlie  otlier  just  in  the  above  proportion,  viz.  as  1  is 
to  2304.  Suppose  the  small 
piston  in  the  injector  to  be 
forced  down  when  in  the  act 
of  pumping  or  injecting 
water  into  the  ejlinder  A, 
with  the  power  of  20cwt. 
which  could  easily  be  done 
by  the  lever  H  ;  the  piston 
B  would  then  be  moved  up 
with  a  force  equal  to  20 
cwt.  multiplied  by  2304. 
Thus  is  constructed  a  hy- 
dro -  mechanical  engine, 
whereby  a  weight  amount- 
ing to  2304  tons  can  be 
raised  by  a  simple  lever, 
through  equal  space,  in 
much  less  time  than  could 
be  done  by  any  appa- 
ratus constructed  on  the 
known  principles  of  me- 
chanics ;  and  it  may  be 
proper  to  observe,  that  the 
effect  of  all  other  mechani- 
cal combinations  is  coun- 
teracted by  an  accumulated 
complication  of  parts.which 
renders  them  incapable  of 
being  usefully  extended  be- 
yond a  certain  degree  ;  but 
in  machines  acted  upon  or 
constructed  on  this  princi- 
ple, every  difficulty  of  this 
kind  is  obviated,  and  their 
power  subject  to  no  finite 
restraint.  To  prove  this, 
it  will  be  only  necessary  to  remark,  that  the  force  of  any 
machine  acting  upon  this  principle  can  be  increased  ad  infini- 
tum, either  by  extending  the  proportion  between  the  diameter 
of  the  injector  and  the  cylinder  A,  or  by  applying  greater 
power  to  the  lever  H. 

The  second  figure  represents  the  section  of  an  engine, 
by  which  very  wonderful  eliects  may  be  produced  instanta- 
neously by  means  of  compressed  air.     A  A  is  a  cylinder,  with 


the  piston  B  fitting  air-tight,  in  the  same  manner  as  described 
in  the  first  figure.  C  is  a  globular  vessel  made  of  copper,  iron, 
or  other  strong  materials,  capable  of  resisting  immense  force, 
similar  to  those  of  air-guns.  D  is  a  strong  tube  of  small  bore, 
in  which  is  the  stop-cock  E.  One  of  the  ends  of  this  tube 
communicates  with  the  cylinder  under  the  piston  B,  and  the 
other  with  the  globe  C.  Now,  suppose  the  cylinder  A  to  be 
the  same  diameter  as  that  in  the  first  figure,  and  the  tube  D 
equal  to  one  quarter  of  an  inch  diameter,  which  is  the  same  as 
the  injector,  in  the  same  figure  ;  then,  suppose  that  air  is  in- 
jected into  the  globe  C,  (by  the  common  method,)  till  it  presses 
against  the  cock  E  with  a  force  equal  to  20  cwt.  which  can 
easily  be  done  ;  the  consequence  will  be,  that  when  the  cock  E 
is  opened,  the  piston  B  will  be  moved  in  the  cylinder  A  A  with 
a  power  of  force  equal  to  2304  tons ;  and  it  is  obvious,  as  in 
14. 


the  case  in  the  first  figure,  that  any  other  unlimited  degree  of 
force  may  be  acquired  by  machines  or  engines  thus  constructed. 
The  third  figure  is  a  section,  merely  to  shew  how  the  power 
and  motion  of  one  machine  may,  by  means  of  fluids,  be 
transferred  or  communicated  to  another,  let  their  distance  and 
local  situation  be  what  they  may.     A  and   B  are  two  small 


tubes,  smooth  and  cylindrical  ;  in  the  inside  of  each  of  which 
is  a  piston,  made  water  and  air  tight,  as  in  the  first  and  second 
figures.  CC  is  a  tube  conveyed  under  ground,  or  otherwise, 
from  the  bottom  of  one  cylinder  to  the  other,  to  form  a  com- 
munication between  them,  notwithstanding  their  distance  be 
ever  so  great ;  this  tube  being  filled  with  water  or  other  fluid, 
until  it  touch  the  bottom  of  the  piston  ;  then,  by  depressing  the 
piston  A,  the  piston  B  will  be  raised.  The  same  eH'ect  will  be 
produced  vice  versa ;  thus,  bells  may  be  rung,  wheels  turned, 
or  other  machinery  put  invisibly  in  motion,  by  a  power  being 
applied  to  either. 

The  fourth  figure  is  a  section,  shewing  another  instance 
of  communicating  the  action  and  force  of  one  machine  to 
another;  and  how  water  may  be  raised  out  of  uells  of  any 
depth,  and  at  any  distance  from  the  place  where  the  operating 
power  is  applied.  A  is  a  cylinder  of  any  required  dimensions, 
in  which  is  the  working  piston  B,  as  in  the  foregoing  examples  : 


^ 


into  the  bottom  of  this  cylinder  is  inserted  tha 
tube  C,  which  may  be  of  less  bore  than  the 
cylinder  A.  This  tube  is  continued,  in  an} 
required  direction,  down  to  the  pump  cylinder 
D,  supposed  to  be  fixed  in  the  deep  well  E  E. 
and  forms  a  junction  therewith  above  the  pis- 
ton F ;  which  piston  has  a  rod  G,  working 
through  the  stuffing-box,  as  is  usual  in  a  com- 
mon pump.  To  this  rod  G  is  connected,  over 
a  pulley  or  otherwise,  a  weight  H,  sufficient  to 
overbalance  the  weight  of  the  water  in  the  tube 
C,  and  to  raise  the  piston  F  when  the  piston  B 
is  lifted  :  thus,  suppose  the  piston  15  is  drawn 
up  by  its  rod,  there  will  he  a  vacuum  made  in 
the  pump  cylinder  I),  below  the  piston  F;  this 
vacuum  will  be  filled  with  water  through  the 
suction  pipe,  by  the  pressure  of  the  atmosphere, 
as  in  all  pumps  fixed  in  air.  The  return  of  the 
piston  B,  by  being  pressed  downwards  in  the 
cylinder  A,  will  make  a  stroke  of  the  piston  in 
the  pump  cylinder  D,  which  may  be  repeated 
in  the  usual  way  by  the  motion  of  the  piston  B, 
and  the  action  of  the  water  in  the  tube  C.  The 
rod  G  of  the  piston  F,  and  tlic  weight  11,  are 
not  necessary  in  wells  of  a  depth  where  the 
atmosphere  will  overbalance  the  water  in  the 
suction  of  the  pump  cylinder  D,  and  that  in  the 
tube  C.  The  small  tube  and  cock  in  the  cistern 
I  are  for  the  purpose  of  charging  the  tube  C— By  these  means, 
it  is  obvious,  most  commodious  machines,  of  prodigious  power, 
for  tearing  up  trees.  Sec.  and  susceptible  of  the  greatest 
strength,  may  readily  be  formed.  If  the  same  multiplication  of 
power  be  attempted  by  toothed  wheels,  pinions,  and  racks,  it 
2l 


122 


BRA 


DICTIONARY    OF   MECHANICAL   SCIENCE. 


B  R  E 


is  scarcely  possible  to  give  strength  enough  to  tlie  teeth  of 
the  racks,  and  the  machine  becomes  very  cumbersome  and 
of  Teat  expense.  But  Mr.  Bramah's  machine  may  be  made 
abundanllv  strong  in  a  very  small  compass.  It  only  requires 
very  accurate  execution.  Mr.  Bramah,  however,  was  greatly 
mistaken,  says  Dr.  Gregory  in  his  Mechanics,  when  he  pub- 
lished it  as  the  discovery  of  a  new  mechanic  power.  The 
principle  on  which  it  depends  has  been  wall  known  for  nearly 
two  centuries  ;  and  it  is  matter  of  surprise  that  it  has  never 
before  been  applied  to  any  useful  practical  purpose. 

BRANDY.  The  genuine  spirit  is  distilled  from  wine,  (pro- 
perly so  called,  being  the  wine  oi' grapes,)  also  from  the  lees  of 
wine,  and  the  husks  of  the  grapes  which  remain  after  pressing 
out  the  juice.  The  usual  apparatus  is  employed,  of  a  still  that 
holds  five  or  six  <)uintals,  with  a  capital  and  worm  applied  in 
the  usual  manner.  Brandy  has  a  purer  and  more  vinous  taste 
than  other  spirits  ;  its  peculiar  flavour,  no  doubt,  depends  on 
the  nature  of  the  volatile  principles,  or  essential  oils,  that  rise 
in  distillation  with  the  pure  spirit,  and  likewise  in  some  mea- 
sure upon  the  wood  of  the  cask  in  which  it  is  kept.  The 
brandies  made  in  France  are  much  preferred  to  those  of  Spain 
and  other  countries.  This  preference  is,  perhaps,  as  much 
owing  to  superior  distillation,  as  to  certain  peculiarities  in  the 
flavour  of  the  grapes,  which  differ  on  every  soil  and  in  every 
cliuiate.  In  the  south  of  France  alone,  there  is  a  great  variety 
in  the  grapes,  as  well  as  in  the  quality  of  the  spirit  extracted 
from  them.  Some  wines  are  considered  totally  unfit  for  distil- 
lation ;  others  peculiarly  suited  for  it,  and  unfit  for  wine.  When 
the  fermentation  has  proceeded  loo  far,  the  wine  is  put  into  the 
still,  and  the  spirit  extracted  ;  otherwise  the  acetous  acid,  by 
the  continuance  of  the  fermentation,  would  be  soon  produced 
in  such  abundance,  as  to  turn  the  whole  liquid  into  vinegar. 
The  inferior  weak  wines  are  generally  employed  for  the  making 
of  brandy,  from  their  containing  too  little  spirit  to  keep  theiii  ; 
and  the  good,  strong  wines,  are  generally  reserved  as  yielding 
a  far  ampler  profit  than  could  be  obtained  by  the  extraction  of 
their  spirit.  The  most  spirituous  wines  of  France,  are  tliose  of 
Lansuedoc,  Guieune,  and  Rousillon,  which  yield,  according  to 
Cuaptal,  from  twenty  to  tsventy-five  gallons  of  excellent  brandy 
out  of  a  hundred  ;  but  those  of  Burgundy  and  Champagne  much 
less.  Brisk  wines,  which  contain  much  carbonic  acid,  from  the 
fermentation  having  been  stopped  at  an  early  period,  yield  the 
least  spirit.  The  brandies  generally  esteemed  as  the  best  and 
finest  flavoured  are  those  distilled  from  the  grapes  which  are 
the  produce  of  the  territories  of  Cogniac  and  Andaye.  Hence 
every  wine  merchant  in  England  is  professedly  stocked  with  the 
"  real  Cogniac"  brandy  ;  and  thus  every  public-house  sells  no 
other  brandy  than  the  "  best  Cogniac  ;" — even  the  distiller  him- 
self has  the  "genuine  Cogniac,"  which  he  will  tell  you  he  has 
received  "  circiiitously,"  and  truly  so,  for  it  has  made  all  the 
revolutions  of  his  srill-worm  in  its  passage  to  him.  In  distil- 
lation, the  three  principal  dislinctions,  in  the  vnrious  strengths 
of  spirits,  are  described  by  the  terms,  low  wines,  proof  spirit, 
and  alcohol.  Low  wines  consist  of  one-sixth  of  pure  spirit,  or 
alcohol,  to  five  of  water; — proof  spirit  consists  of  one  half  of 
alcohol,  and  one  half  of  w ater ;  and  alcohol,  wholly  of  pure 
spirit. 

BRANDENBURGIUM  ScEPTRUM.the  Sceptre  of  Branden- 
burg, is  a  modern  constellation,  formed  in  1(388,  by  GeollVoi 
Kirch,  one  of  the  first  astronomers  of  the  Duke  of  Prussia. 
This  asterism  is  easily  distinguished  by  four  stars,  situated 
nearly  perpendicular  to  the  equator,  and  lying  between  the 
turn  of  the  river  Kridanus,  Orion,  and  the  Ilare;  and  these 
constellations  define  the  boundaries  of  this  insij/ne  regiminis. 

BRASS,  Makiny  of.  Brass  is  a  factitious  metal,  made  of 
copper  and  zinc.  By  long  calcination  alone,  and  without  the 
mixture  of  any  other  substance,  brass  afiords  a  beautiful  green 
or  blue  colour  for  glass;  but  if  it  be  calcined  with  powdered 
sulphur,  it  will  give  a  red,  yellow,  or  chalcedony  colour,  accord- 
ing to  the  quantity  aud  other  variations  in  using  it.  Brass  is 
<if  a  yellow  colour,  more  fusible  than  c-opper,  and  not  so  apt  to 
tarnish.  Pure  brass  is  not  malleable  unless  hot ;  when  cold  it 
will  break,  and  will  not  bear  the  hammer  when  it  has  been 
twice  melted.  To  render  it  soft  and  pliable,  and  capable  of 
being  wrought,  seven  pounds  of  lead  are  added  to  an  hundred 
weight  of  brass.      It  is   peculiarly  adapted   for   wire,  being 


capable  of  great  extension,  and  is  much  used  in  watch-work. 
Corinthian  brass,  so  famous  in  antiquity,  was  a  mixture  of  gold, 
silver,  and  copper.  Brass  colour  is  a  preparation  intended  to 
imitate  brass  ;  of  which  there  are  two  sorts,  the  red  brass  or 
bronze,  and  the  yellow  or  gilt  brass ;  the  last  is  made  only  of 
copper  filings;  with  the  former,  red  ochre,  finely  pulverized, 
is  mixed,  but  both  are  used  with  varnish.  The  appearance 
of  brass  is  given  to  other  metals,  by  washing  them  with  a 
yellow  lacquer  or  varnish,  much  to  the  detriment  of  the  manu- 
factured article. 

Gold  lacquer  for  brass-work  may  be  thus  made  : — Put  an 
ounce  of  turmeric  powder,  two  drachms  of  anatto,  and  two  of 
saliron,  into  a  pint  of  alcohol,  shake  the  whole  occasionally 
during  a  week,  and  then  filter  it  into  a  clean  bottle.  Three 
ounces  of  clean  seed-lac  are  then  to  be  added,  and  the  bottle 
shook  occasionally  during  a  fortnight.  The  mixture  will  now 
be  a  fine  lacquer  for  brass,  which  will  give  that  metal  the 
appearance  of  burnished  gold.  In  using  it,  the  metal  should 
be  just  warmed,  and  the  varnish  be  laid  on  evenly  with  a 
brush,  passing  it  directly  across  the  work.  Small  articles  may 
be  dipped  in  the  lacquer. 

BREAD,  the  staff  of  lil'e,  is  used  by  all  people  in  one  way  or 
another,  even  though  composed  of  materials  very  dissimilar. 
We  use  wheaten  bread ;  some  use  bread  made  of  oats,  others 
convert  dried  fish  into  meal  for  bread  ;  and  nature  furnishes 
the  bread-fruit  tree  to  natives  of  the  South-Sea  islands. 

The  bread-fruit  tree  grows  abundantly  on  the  Ladrone 
Islands.  In  the  Society  Islands  it  is  as  large  as  a  moderate 
sized  oak;  its  leaves  are  about  a  foot  and  a  half  long,  of  an 
oval  shape,  like  those  of  the  fig-tree,  which  they  resemble  in 
colour;  and,  when  broken,  exude  a  milky  juice.  The  fruit  is 
shaped  like  a  heart,  and  grows  to  the  size  of  a  child's  head.  Its 
rind  is  thick,  green,  and  covered  with  excrescences.  The 
internal  part  of  the  rind  is  a  pulpy  substance,  full  of  twisted 
fibres  ;  this  pulp  is  softer  towards  the  middle,  where  a  small 
cavity  is  formed,  containing  no  kernels  or  seeds.  It  affords 
much  nourishment,  aud  is  very  satisfying.  Its  taste  is  harsh, 
and  similar  to  potato-bread.  The  cassiva  bread  of  the  .Ame- 
ricans is  made  from  a  species  of  starch  prepared  from  t!ie  roots 
of  a  plant.  They  are  peeled  and  pressed  ;  the  juice  which 
exudes  is  a  deadly  poison,  used  by  the  Indians  to  poison  their 
arrows.  The  white  starch,  however,  which  is  deposited,  when 
properly  washed,  is  perfectly  innocent,  and  makes  bread. 

The  materials  of  which  loaf-bread  is  principally  made,  are  the 
seeds  of  farinaceous  vegetables,  as  wheat,  rye,  and  bailey. 
Potatoes,  oats,  beans,  pease,  rice,  maize,  millet,  buck-wheat, 
&c.  contain  no  gluten,  and  cannot  be  made  into  bread  without 
a  certain  quantity  of  Hour.  The  component  parts  of  wheaten, 
barley,  and  rye  Hour,  are  starch,  gluten,  and  saccharine  mucilage. 
Feeula,  or  starch  of  wheaten  (lour,  forms  the  most  nutritive 
part  of  grain.  It  is  found  in  all  seeds,  and  is  very  abundant  in 
the  potato,  as  almost  all  the  root  consists  of  starch.  2.  Gluten, 
is  the  principal  substance  contained  in  wheaten  flour.  It  is 
necessary  for  the  production  of  good  light  bread  ;  the  quality 
of  the  bread  being  exactly  in  proportion  to  the  quantity  of  the 
gluten  contained  in  the  flour;  wheat  flour  alone  contains  it  in 
any  considerable  quantity.  Flour  could  not  be  made  into 
bread  without  gluten,  for  the  dough  rises  in  consequence  of 
this  substance.  To  obtain  gluten,  you  put  a  handful  of  flour 
into  a  cloth,  pass  it  through  water,  and  press  it  with  the  hand; 
the  starch  or  feeula  passes  oil",  and  this  elastic  substance 
remains.  Gluten  forms  one-fifth  part  of  bread-corn,  fer- 
ments readily,  and  is  soluble  in  acids,  but  not  in  water. 
."?.  Saccharine  mucilage  is  soluble  in  cold  water,  and  separable 
from  it  by  evaporation.  The  saccharine  part  may  be  converted 
into  an  ardent  spirit,  but  the  mucilage  in  bread  that  has  been 
kept  some  lime,  tends  to  acidity,  and  becomes  mouldy.  There 
are  three  general  methods  of  making  bread,  and  these  we  will 
now  illustrate: — 1.  Unleavened  bread  is  made  of  flour  mixed 
with  water.  The  sea  and  other  biscuits,  the  .lews'  passover 
cake,  the  oaten  and  barley  bread  of  Scotland,  arc  of  this 
nature.  2.  Leavened  bread,  mentioned  in  the  Jewish  history, 
has  been  known  to  mankind  from  the  earliest  age  of  society. 
It  is  thus  made  :  A  portion  of  dough  is  left  till  it  ferments,  or 
becomes  sour.  This  is  mixed  with  other  dough,  and  causes  it 
to  ris''  :  carbonic  acid   gas  is  thrown  out,  a  vinous  smell  i* 
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perceived ;  and  an  active  fermentation  goes  on.  3.  Bread 
made  with  yeast,  or  family  bread,  is  thus  made.  To  half  a 
bushel  of  wlieatcn  Hour  add  six  or  eight  ounces  of  salt,  a  pint 
of  yeast,  and  six  qu:irts  of  water.  Mix  the  whole  together, 
and  cover  it  up  with  a  blanket;  this  operation  is  called  setting 
the  sponge  :  flour  must  then  be  added,  and  the  mass  kneaded 
till  it  attain  a  proper  consistency.  It  must  then  stand  for  four 
or  five  hours,  till  it  rises  properly,  and  afterwards  you  put  it 
into  the  oven. 

A  sack  of  flour  contains  about  280  lbs.  and  will  make  eighty 
quartern  loaves,  allowing  three  and  a  half  pounds  of  flour  for 
each.  Before  the  loaf  goes  into  the  oven  it  weighs  4  lbs.  15  oz. 
but  loses  nine  or  ten  ounces  in  baking.  In  each  loaf  bakers 
usually  put  two  ounces  of  alum,  though  this  is  prohibited  by 
law.  The  alum  binds  the  bread,  and  makes  it  more  compact, 
but  then  it  is  less  wholesome  ;  and  it  also  whitens  old  Hour. 
Besides  the  bread  just  described,  there  are  wheaten  and  house- 
hold bread.  The  former  is  made  of  flour,  with  a  mixture  of  the 
finer  bran ;  the  latter  of  the  whole  substance  of  the  grain, 
without  either  taking  out  the  coarse  bran  or  the  fine  flour. 

French  bread  is  made  by  adding  ten  eggs,  and  a  pound  and 
ahalf  of  fresh  butter,  and  as  much  yeast,  to  half  a  bushel  of 
fine  flour.  The  whole  mass  is  tempered  with  new  milk,  warmed 
pretty  hot;  after  being  allowed  half  an  hour  to  rise,  it  is  made 
into  loaves,  or  rolls,  and  is  washed  over  with  an  egg  beaten 
with  milk  ;  the  oven  is  of  a  gentle  heat.  Bread  is  highly  nutri- 
tious. And  since,  among  the  animal  fluids  the  saliva  is  essen- 
tially necessary,  dry  food  should  be  used  as  a  stimulus  to  draw 
it  forth  ;  thence  we  eat  bread  with  meat.  Bread  blends  the  oil 
and  water  of  food  in  the  stomach,  which  it  stimulates  ;  and  it 
is  peculiarly  proper  for  that  purpose,  being  bulky  without  too 
much  solidity,  and  firm  without  diiliculty  of  solution. 

BREAKWATER,  a  sort  of  small  buoy  fastened  to  a  large 
one,  when  the  buoy-rope  of  the  latter  is  not  long  enough  to 
reach  to  the  surface  of  tlie  water  ;  and  thereby  to  shew  where 
the  large  buoy  swims.  Breakwater  signifies  also  the  hull  of  an 
old  ship  sunk  at  the  entrance  of  a  small  harbour,  to  break  olF 
or  diminish  the  force  of  the  waves  as  they  advance  towards  the 
vessels  moored  within.  The  great  Breakwater  across  the  bay 
of  Plymouth,  which  has  been  going  on  for  years,  and  is  not  yet 
finished,  is  the  greatest  of  the  kind  ever  undertaken  in  the 
kingdom.  The  exposed  situation  of  the  sound  has  been  long 
and  severely  felt  as  an  extreme  inconvenience  in  the  harbour, 
and  it  was  at  last  determined  to  oppose,  if  possible,  some  bar- 
rier to  the  heavy  swell  which  is  here  almost  continually  rolling 
in  from  the  Atlantic.  The  plan  at  last  adopted,  with  the  advice 
of  the  most  experienced  engineers,  men  of  science,  and  naval 
officers,  was,  to  construct  at  St.  Carlos  rocks,  about  three  miles 
south  of  Plymouth,  a  mole,  or  vast  heap  of  stones,  in  the  mid- 
dle of  the  sound,  stretching  across  its  entrance,  occupying 
nearly  half  of  its  width,  and  leaving  a  free  passage  for  vessels, 
both  on  the  eastern  and  western  shores.  The  whole  expense 
was  estimated  at  £1,171,100,  viz.  £1,051,200  for  the  mole  or 
breakwater,  and  £119,900  for  a  pier  along  the  top,  with  light- 
houses. It  was  proposed,  that  the  breakwater  should  begin 
360  feet  on  the  eastward  of  St.  Carlos  rocks,  and  extend  1800 
feet  west  of  the  Shovel  rock;  the  whole  length  to  be  1700 
yards,  or  very  nearly  a  mile,  4000  feet  in  the  middle  being 
quite  straight,  and  the  two  extremities  having  a  slope  up  the 
sound.  It  was  estimated,  that  2,000,000  tons  of  stone  would 
be  required  to  finish  it;  and  it  was  advised  to  heap  them  pro- 
miscuously together  in  large  blocks,  not  less  than  IJ  or  2  tons 
weight  each,  leaving  them  to  find  their  own  base  and  position. 
Where  the  water  was  30  feet  deep,  the  dimensions  of  the 
breakwater  were  to  be  40  feet  high,  30  feet  across  the  top,  and 
210  feet  wide  at  the  foundation.  The  work  was  begun  in  1812  ; 
the  first  stone  was  sunk  ou  the  12th  of  August;  and  on  the  31st 
March,  1813,  the  building  began  to  make  its  appearance  above 
the  surface  of  low  water  at  spring  tides.  The  stones  were 
quarried  from  a  rock  of  limestone  or  gray  marble,  purchased 
from  the  Duke  of  Bedford  for  £10.000,  and  situated  on  the 
eastern  shore  of  Catwater.  More  than  fifty  vessels,  of  peculiar 
construction,  were  employed  in  carrying  the  stones  to  the 
work,  many  of  which  were  five  tons  and  upwards  each.  On  the 
whole,  this  great  work  lias  been  conducted  with  much  skill  and 
iurprising  despatch,  and  the  result  has  fully  answered  the  ex- 


pectations of  its  projectors.  At  the  end  of  the  second  year, 
the  swell  was  so  much  broken,  that  ships  of  all  sizes  ran  in, 
and  anchored  with  confidence  behind  the  breakwater.  Since 
that  time  200  sail  of  vessels  of  every  description  have  here  found 
shelter,  and  25  or  30  sail  of  the  line  may  now  ride  here  at  all 
times,  in  security.  The  Eddystone  lighthouse  is  an  important 
appendage  to  the  harbour,  without  which  the  entrance  to  the 
harbour  would  he  extremely  dangerous.     See  Eddvstone. 

BREAMING,  burning  olf  the  filth,  such  as  grass,  ooze, 
shells,  or  sea-weed,  from  the  ship's  bottom,  which  it  has  con- 
tracted by  lying  long  in  harbour ;  it  is  performed  by  holding 
kindled  furze,  faggots,  or  reeds,  to  the  bottom,  which,  by  melt- 
ing the  pitch  that  formerly  covered  it,  loosens  whatever  filth 
may  have  adhered  to  the  planks  ;  the  bottom  is  then  covered 
anew  with  a  composition  of  sulphur,  tallow,  &c.  which  not  only 
makes  it  smooth  and  slippery,  so  as  to  divide  the  fluid  more 
readily,  but  also  poisons  and  destroys  those  worms  which  eat 
through  the  planks  in  the  course  of  a  voyage.  This  operation 
may  be  performed  either  by  laying  the  ship  aground  after  the 
tide  has  ebbed  from  her,  or  by  docking,  or  careening. 

BREWING.  Brewing  is  a  very  ancient  domestic  art. 
Before  the  malt  is  used  it  must  be  bruised  between  rollers  ; 
and  soft  water  is  used  for  mashing  and  fermentation.  The  first 
step  in  brewing  is  mashing.  This  is  done  in  a  tub  furnished 
with  a  false  bottom,  pierced  with  holes,  and  moveable,  or  fixed 
a  few  inches  above  the  real  bottom.  There  are  two  side-open- 
ings between  the  two  ;  to  one  is  fixed  a  pipe  to  convey  water 
into  the  tun,  and  the  other  is  used  for  drawing  the  liquor  out. 
The  malt  is  to  be  strewed  over  the  false  bottom,  and  a  proper 
quantity  of  water  let  in  from  the  upper  copper ;  after  which, 
the  mass  is  beaten  bv  poles,  or  a  machine  like  a  rake  or  har- 
row, and  moveable  on  a  perpendicular  beam,  with  transverse 
arms  for  the  rakes.  When  the  mashing  is  completed,  the  tun 
is  covered  to  prevent  the  escape  of  the  heat,  and  the  whole  is 
suH'ered  to  stand,  that  the  insoluble  parts  may  separate  from 
the  liquor ;  the  side-hole  is  then  opened,  and  the  clear  wort 
discharged  into  the  lower  copper.  The  most  eligible  tempera- 
ture in  mashing  is  from  185  to  190  degrees,  but  for  the  first 
mashing  the  heat  of  the  water  must  be  less,  and  so  in  propor- 
tion to  the  dark  colour  of  the  malt. 

The  wort  of  the  first  mashing  is  always  the  richest  in  saccha- 
rine matter;  but  to  exhaust  the  malt,  a  second  and  third  mash- 
ing are  requisite.*  Thirty  gallons  may  be  drawn  from  each 
bushel  of  malt,  for  sound  small  beer;  six  and  a  half  gallons 
only  for  strong  ale.  Every  bushel  of  malt  absorbs,  or  retains, 
about  three  and  a  half  gallons  of  water.  The  next  process  is 
boiling  and  hopping;  if  only  one  kind  of  liquor  is  to  be  made, 
the  produce  of  the  three  mashings  should  be  mixed;  if  both 
ale  and  table-beer  are  required,  the  wort  of  the  first,  or  first  and 
second  mashings,  is  for  the  ale,  and  the  remainder  for  the  beer. 
The  wort  intended  for  tlie  same  liquor,  after  it  comes  from  the 
tun,  is  put  into  the  lower  copper,  and  mixed  with  a  proportion 
of  hops;  and  the  better  the  wort,  the  greater  the  quantity  of 
hops  will  be  wanted.  Hops  contain  gallic  acid  and  tanning 
matter,  and  deprive  the  sweet  wort  of  the  mucilage,  which 
occasions  the  beer  to  keep  without  turning  sour.  After  the 
hops  have  been  mixed  with  the  wort  in  the  copper,  the  liquor 
is  made  to  boil  as  fast  as  possible,  when  it  is  discharged  into 
shallow  tubs,  called  coolers,  wliere  it  remains  till  it  is  cool 
enough  to  undergo  fermentation. 

From  the  coolers  the  liquor  is  transferred  to  the  working 
tun,  and  with  it  is  mixed  a  gallon  of  yeast  to  four  barrels  of 
beer.  In  four  or  five  hours  the  fermentation  commences,  but  it 
requires  from  18  to  48  hours  before  the  wort  is  fit  to  be  bar- 
relled. The  fermentation  still  goes  on  in  the  barrels,  and  in  a 
few  days  a  copious  discharge  of  yeast  takes  place  from  the 
bung-hole,  and  the  greater  portion  of  gluten  is  disengaged.  In 
brewing,  the  gluten  is  not  wanted,  but  in  bread  is  indispen- 
sable, and  alone  renders  it  fit  for  use.  Care  must  be  taken  to 
fill  up  the  barrel  every  day  with  fresh  liquor  ;  this  discharge 
lessens  daily,  and  ends  entirely  in  about  a  week,  when  the 
bung-hole  is  closed,  and  the  li(|uor  is  fit  for  use,  after  standing 

*  Brewers  use  a  sacclirnmeter  to  ascertain  the  ^jnndness  of  the  wort. 
This  instrument  is  a  kind  of  tivdromeler,  and  shews  the  specific  gr.ivitj  of 
the  wort,  rather  than  the  exact  quantilj  of  sacL-liarioe  mailer  contained  in  it. 
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from  a  fortnight  to  three  months,  according  to  its  strength,  and 
tlie  temperature  at  which  it  has  been  fermented.  Tlie  fining 
of  the  beer  is  done  by  the  use  of  isinglass.  But  drugs  are 
sometimes  used,  to  give  a  narcotic  aud  stupefying  power  to  the 
beer. 

Ale,  a  fermented  liquor  extracted  from  malt,  has  a  less  pro- 
portion of  hops  than  beer.  It  was  first  made  in  Egypt  as  a 
substitute  for  wine,  and  was  a  favourite  drink  with  the  Anglo- 
Saxons  and  Danes.  Pale  ale  is  accounted  more  wholesome 
than  brown  ale,  because  it  is  brewed  from  malt  slightly 
roasted,  while  the  latter  is  made  of  drier  malt. 

To  make  malt,  barley  is  steeped  in  cold  water,  not  less  than 
40  hours.  When  it  is  sufficiently  steeped,  the  water  is  drained 
otl,  and  the  barley  spread  upon  the  malt  floor,  where  it  is 
formed  into  a  rectangular  heap,  about  16  inches  deep.  In  this 
state  it  remains  about  26  hours.  It  is  then  turned  with 
wooden  shovels,  and  diminished  in  depth  :  this  is  repeated 
twice  or  thrice  a  day,  and  the  grain  is  constantly  spread,  till  its 
deptli  does  not  exceed  a  few  inches.  On  the  couch  it  absorbs 
oxygen  from  the  atmosphere,  which  it  converts  into  carbonic 
acid  ;  the  temperature  gradually  increases,  and  in  four  days 
the  grain,  now  ten  degrees  hotter  than  the  atmosphere,  be- 
comes moist,  and  exhales  an  agreeable  odour :  this  is  termed 
the  sweating.  The  maltster  must  keep  the  temperature  from 
becoming  excessive,  by  turning.  At  the  period  of  sweating,  the 
roots  of  the  grains  appear.  In  one  day  after  tlie  sprouting  of 
the  roots,  the  rudiments  of  the  future  stem,  called  the  acrospire, 
may  be  seen  to  lengthen.  As  it  shoots  along  the  grain,  the 
mealy  part  undergoes  a  considerable  change  :  the  glutinous 
and  mucilaginous  matter  is  taken  up  and  removed,  the  colour 
becomes  white,  and  the  texture  so  loose  that  it  crumbles  to 
powder  between  the  fingers.  Wlien  the  acrospire  has  come 
nearly  to  the  end  of  the  seed,  the  process  is  stopped  by  drying 
the  malt  upon  a  kiln.  It  is  then  cleaned.  When  the  grain  is 
dried  gradually,  or  in  the  sun,  it  is  called  air-dried  malt;  or 
when  quickly,  by  the  heat  of  a  stove,  kiln-dried  ;  the  latter 
being  charred  partially,  is  brown,  more  or  less  intense,  and 
contains  less  fermentable  matter  than  the  air-dried,  or  pale 
malt.     Burnt  sugar  is  frequently  used  to  colour  beer. 

BRIDGE,  an  artificial  mode  of  conveyance  from  one  part  of 
space  to  another,  the  intermediate  part  being  either  impass- 
able, or  difficult,  or  otherwise  of  inconvenient  access.  Among 
the  ancients,  the  Greeks  borrowed,  with  their  science,  their 
knowledge  of  architecture,  and  consequently  of  bridge-making, 
from  the  Asiatics ;  and  of  these  last,  the  Chinese  attained  a 
degree  of  perfection  which  neither  Greece  nor  Rome  could 
boast.  From  time  immemorial,  chain  Vjridges  have  passed 
from  acclivity  to  acclivity,  a  distance  in  some  instances  of 
600  feet,  the  height  of  the  arch  being  760  feet ;  and  this  in  one 
span  ! 

The  bridge  (of  wood  or  boats)  that  Darius  built  over  the 
Propontis,  or  the  Dardanelles,  to  pass  from  Asia  into  Europe, 
surpasses  all  the  modern  military  bridges.  But  this  is  outdone 
by  the  bridge  of  Trajan  over  the  Danube,  which  one  cannot 
sufficiently  admire ;  for  though  all  the  works  of  this  emperor 
were  magnificent,  yet  this  structure,  4770  feet  long,  supported 
by  twenty  piers  of  square  stone,  each  pier  150  feet  high  above 
the  foundation,  60  feet  in  breadth,  and  170  feet  from  each 
other,  does  equal  honour  to  the  wise  policy  of  the  Roman,  and 
his  eastern  architect,  Apollodorus  of  Damascus. 

Among  the  moderns,  Belidor,  an  engineer,  directs  that  the 
piers  be  one-fifth,  or  at  least  one-sixth,  of  the  opening:  and  the 
arch  stones  j'jth  part  of  the  opening:  in  general,  tliat  the  pier 
ought  to  be  of  tliat  strength,  that  it  will  support  its  arch  as  an 
abutment ;  which,  by  practice,  he  finds  to  be  one-fifth  or  one- 
sixth  ;  but  gives  as  a  rule,  one-sixth  and  two  feet  more.     For 

36 
example,  an  arch  of  36  feet  should  have  a  pier  of  —  -j-  2  = 

8  feet.  In  an  arch  of  72  he  makes  the  pier  14  feet,  viz.  two 
feet  more  than  one-si xtli. 

Gautier,  another  engineer,  differs  only  from  Belidor  as  to 
the  length  of  the  arch  stones  ;  which  in  arches  of  2t  feet  ought 
to  be  2  feet;  if  45,  3  feet ;  if  GO,  4  feet;  if  75,  5  feet ;  if  UC, 
6  feet,  when  the  stone  is  of  a  duralile  material ;  but  of  greater 
dimensions,  when   the  stone  is  soft,  and  easily  decomposed  : 


and  an  arch  stone  of  6  feet,  of  darable  material,  will  suffice  for 
an  arch  of  160,  or  even  200  feet.  See, in  the  sequel,  A  Table  for 
the  Thickness  of  Bridyes. 

London  Bridge,  (see  Plate,  Bridges,)  planned  by  Peter  of 
Collchurch,  a  priest,  has  its  piers  much  stronger,  being  more 
than  half  the  opening ;  the  piers  being  from  25  to  .34  feet, 
18  in  number,  Uie  width  of  the  river  being  only  900  feet.  This 
bridge  is  now  being  supplanted  by  a  more  capacious  structure, 
which  has  this  year,  1824,  been  begun  to  be  built;  and  of  which 
we  shall  speak  in  the  close  of  this  article. 

The  piers  of  Westminster  Bridge,  (see  Plate,  Bridges,")  are 
17  feet,  the  breadth  of  the  river  1223  feet,  the  arches  semicir- 
cular ;  the  spring  commencing  about  two  feet  above  low-water 
mark.  There  are  thirteen  large  and  two  smaller  arches  ;  the 
centre  arch  is  76  feet  span,  and  the  others  decrease  on  each 
side  by  four  feet.  The  passage  for  carriages  is  of  very  difficult 
ascent,  the  rise  being  30  feet  in  a  distance  of  61  r5  feet.  The 
whole  width  is  44  feet,  and  ledges,  balustrades,  and  semi- 
octagon  recesses,  or  towers,  with  the  well-paved  footpath,  give 
this  bridge  an  elegant  appearance. 

Blachfriars'  Bridge,  (see  Plate,  Bridges,)  has  elliptical  arches, 
and  no  precaution  was  neglected  that  could  contribute  to 
its  strength,  or  give  addition  to  its  elegance.  In  the  middle 
arch,  which  is  of  100  feet  span,  the  flat  part  of  the  arch  is 
described  with  a  radius  of  about  57  feet;  the  lesser  circles  on 
either  side  being  35J,  or  36  nearly.  This  small  arch  is  con- 
tinued below  its  diameter,  till  its  chord,  as  in  the  annexed 
figures,  become  16  foet  nearly,  and  its  versed  sine  5  feet  nearly, 
which  gives  it  the  degree  of  novelty 
alluded  to  ;  and  which  is  far  from 
being  disagreeable  to  the  eye. 
The  shoulders  are  compactly  filled 
with  ruble  work,  the  bed  of  each 
row  tending  to  the  centre  of  the 
arch.  To  the  height  to  which  the 
arch  can  be  raised  without  a  sup- 
porting frame,  an  inverted  semi- 
circle is  drawn,  the  convexity  of 
the  arch  resting  upon  this  ruble  work,  which  is  formed  of 
Kentish  rag  ;  but  other  hard  stone  will  equally  well  answer  this 
purpose,  as  that  cannot  be  every  where  procured.  The  in- 
verted arch  answers  two  purposes  ;  it  prevents  this  ruble  being 
raised  by  any  lateral  pressure,  and  makes  those  parts  of  the 
arch  which  form  the  greatest  lateral  pressure,  abut  upon  each 
other  :  hence  there  is  little  or  no  lateral  pressure  upon  the  pier. 
The  bridge  of  Burton-on-Trent  is  the  longest  in  Britain, 
being  1545  feet,  supported  on  34  arches:  the  most  stupendous 
in  Europe,  that  over  the  Tave  in  Glamorganshire,  consisting  of 
only  one  arch,  the  segment  of  a  circle  whose  diameter  is  175 
feet;  the  chord  of  the  segment,  or  span  of  the  arch,  140  feet, 
the  height  or  vertical  sine  36  feet ;  the  abutments  32  feet:  the 
architect  was  William  Edward,  a  country  mason  :  it  was  built 
in  1766. 

The  Rialto  at  Venice,  built  by  Michael  Angelo,  is  reckoned 
a  masterpiece  of  art,  on  account  of  its  flatness  and  extent, 
being  98J  feet  span,  and  23  feet  only  above  the  water ;  but  this 
is  far  outdone  by  many  bridges  of  modern  erection. 

Wooden  Bridges.  Where  stone  bridges  cannot  be  constructed, 
on  account  of  expense,  or  other  causes,  very  durable  ones  may 
be  formed  of  wood  :  all  the  parts  ought  to  press  on  one  another 
like  the  arch  of  a  stone  bridge;  and  thus,  instead  of  being 
weakened  by  great  weights  passing  over  them,  they  will  become 
the  stronger.  How  this  is  to  be  effected,  will  be  best  under- 
stood from  the  annexed  figure. 


Chord. 
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The  Swiss  Bridge,  (as  represented  in  the  following  figure,)  a 
rude  composition  of  trees  unhewn,  and  covered  with  rushes 
or  boards,  serves  very  well  for  small  streams,  canals,  &c.  in 


o-entlemeii's  parks,  5cn.    This  may  be  improved  by  the  addition 
of  a  rustic  balustrade,  in  the  following  style. 


Liyht  Bridge. 


The  Tied-Plank  Bridge,  (ss  in  the  annexed  figure,)  is  formed 
by  fixing  the  ends  of  two  or  more  planks  in  two  heads  of  iron, 
a,  a,  and  then  connecting  them  by  wrought  iron  rods,  b,b,  fixed 


to  the  heads  in  the  manner  of  a  bow  string.  A  very  slight 
bridge,  thus  formed,  acts  both  by  tenacity  and  gravity.  Thus, 
when  the  bridge  is  but  lightly  loaded,  the  particles  of  the  boards 
are  not  moved,  but  merely  pressed  on,  and,  therefore,  the 
arched  part  may  be  said  to  act  by  gravity,  while  this  pressure, 
being  propagated  to  the  abutments,  these  are  held  in  equili- 
brium by  the  iron  rods  acting  by  their  tenacity.  On  the  other 
nand,  when  a  bridge  of  this  description  is  heavily  loaded,  the 
arch  will  hend  downwards,  or  yield  in  some  places,  and  rise 
in  others ;  in  which  case  the  whole  will  act  by  tenacity. 

A  very  light  and  strong  Bridge  may  be  formed  by  screwing 
together  thin  boards  in  the  form  of  a  segment,  or  by  screwing 
together  a  system  of  triangles  of  timber,  as  in  the  following 
figure.  These  triangles  being  equilateral,  become  in  elfect  so 
many  parts  of  hexagonal  figures,  which  may  be  circumscribed 
by  a  circle,  and  thence  carried  to  any  extent,  though,  in  the  con- 
struction, the  whole  may  act  more  by  tenacity  than  by  pressure. 
14. 


For  broad  sluggish  rivers,  swampy  ground,  &c.  such  a  bridge 
will  do  very  well,  but  it  is  inferior  perhaps  to  the  following 
Strong  Bridge. 


The  Boat  Bridge,  as  here  represented,  may  be  worked  by  a 
mechanical  power,  as  the  wheel  and  pinion,  or  by  means  of  a 
cylinder  and  rope  B,  and  machinery   fixed  in  a  he's  C,  and 


connected  with  the  rope  D,  the  vehicle  may  be  moved  from  one 
side  of  a  stream  to  the  other,  by  merely  turning  the  winch  E. 
A  contrivance  of  this  kind  was  devised  by  Repton,  for  passing 
a  piece  of  water  in  the  park  of  Holkham  Hall,  Norfolk,  the 
estate  of  T.  W.  Coke,  Esq. 

The  Filling  Boat,  as  represented  in  the  annexed  figure,  with 
the  deck  arranged  as  part  of  the  gravel  walk,  w  hich  approaches 
the  edge  of  the  water,  derives  its 
motion  from  the  obliquity  of  its 
sides  to  the  direction  of  the  cur- 
rent, which  must  be  kept  up  by 
the  use  of  a  rudder.  The  force 
ofthe  stream  is  at  a  maximum 
when  the  anjle  formed  by  it  and 
the  side  of  the  boat,  is  54°  44'. 
The  boat  a  must  be  anchored  to  a 
post  h,  fixed  in  the  middle  of  the 
river,  and  the  longer  the  cable  r, 
the  manoeuvre  will  be  the  more 
easily  executed,  provided  the  move- 
ment is  not  made  in  a  greater  arc 
than  90°.  The  same  purpose  may 
be  eD"ected  by  a  triangular  raft, 
without  the  help  of  a  rudder. 

The  F/i/itiff  Bridge  may  be  formed  of  several,  or  indeed  of 
many  boats,  joined  together  and  floored  with  substantial 
planks,  surrounded  with  a  rail  or  balustrade  :  and  according 
to  its  breadth  it  may  liave  one  mast,  or  two  masts,  to^jiport 
a  rope  at  a  proper  height;  one  end  may  turn  round  a  wftidlass, 
tlie  other  may  be  fastened  to  an  anclior  in  mid  stream,  and  may 
be  kept  aloft  by  buoys.  As  in  the  former  case,  the  bridge  is 
worked  by  one  rudder,  if  there  is  one  boat ;  if  more  boats,  then 
2  K 


126 


B  R  I 


DICTIONARY    OF    MECHANICAL    SCIENCE. 


B  R  I 


each  may  have  a  rudder,  the  tillers  of  all  the  rudders  moving 
at  the  same  angle.  As  the  stream  is  narrow  or  wide,  the  sus- 
pension rope  may  be  shortened  or  lengthened  by  the  windlass. 
Such  bridges  will  ferry  over  cavalry  or  infantry  ;  but  to  become 
defensible  by  mutual  support  and  augmented  strength,  several 
such  bridges,  at  convenient  distances,  are  launched  and 
moored.  A  B,  CD,  (in  the  following  figure,)  are  two  long 
boats  which  support  the  bridge  ;  G  H,  K  L,  two  masts  joined 


at  their  tops  by  traverse  beams,  and  a  central  arch  supported 
in  a  vertical  position,  by  two  pair  of  shrouds  and  two  chains, 
L  N  and  H  R.  M  is  a  horse,  or  cross  piece,  upon  which  the 
cable  M  F,  <•/,  rests  :  the  use  of  this  has  been  explained  above. 
The  buoys  are  e,f.  E  windlass,  «,  J,  rudders.  A  B,  C  D,  two 
portions  of  bridges  of  boats  fastened  to  the  banks  on  each  si.ie 
of  the  stream,  and  between  which  the  bridge  traverses.  The 
annexed  figure  is  a  ground  plan  of  the  same  bridge.     K,  Q, 


the  mast  holes;  E,  windlass;  N,  N,  pumps;  P,  P,  capstans. 
Fig.  I,  a  lateral  elevation  of  the  same;  6,  the  rudder ;  E,  the 

View  Fore  and  Aft. 


windlass;  M,  the  horse;  E,  N,  H,  F,  the  cable.  Fig.  2,  is 
an  elevation  of  the  hinder  part  of  the  bridge  or  stern  ;  a,  b,  the 
two  boats  ;  Q  H,  K  L,  the  two  masts  ;  H  L,  the  upper  traverse 
beam  ;  ;)  q,  the  lower  traverse  beam,  over  which  the  cable 
passes,  and  occasionally  slides  from  one  mast  to  the  other ; 
and  must  on  that  account  be  kept  well  greased,  p  k,  gg, 
shrouds ;  M  the  cross  piece  over  which  the  cable  passes  to  the 
windlass. 

The  BusJten  Bridge,  made  of  bundles  of  rushes,  serves  to 
aflford  a  passage  over  marshy  ground.  And  bridges  of  casks, 
bottles,  bladders,  and  buoys  made  of  skins,  do  well  for  trans- 
porting individuals,  or  even  troops,  as  portable  machines. 

The  Draw  Bridge,  made  after  the  manner  of  a  float,  to  draw 
up  or  let  down,  as  occasions  serve,  before  the  gate  of  a  town  or 
castle,  may  be  njade  after  several  different  ways  ;  but  the  most 
common  are  made  with  plyers  twice  the  length  of  the  gate,  and 
a  foot  diameter.  The  inner  space  is  traversed  with  a  cross, 
which  serves  for  a  counterpoise,  and  the  chains  which  hang 
from  the  extremities  of  the  plyers,  to  lift  up  or  let  down  the 
bridge,  are  of  iron  or  brass.  Such  bridges  we  have  seen  at 
Stirling  and  Edinburgh  castles,  at  the  Tower  of  London,  at  the 
castle  of  Vincennes,  and  many  other  regularly  fortified  places. 
In  navigable  rivers  it  is  sometimes  necessary  to  make  the  mid- 
dle arch  of  bridges  with  two  moveable  platforms,  to  be  raised 
occasionally,  in  order  to  let  the  masts  and  rigging  of  ships  pass 
through  this  kind  of  drawbridge.  A  B  (in  the  following  figure) 
represents  the  middle  of  the  arch  ;  A  L  and  B  L  the  two  piers 
that  support  the  drawbridge,  N  O,  one  of  the  platforms  of 
which  is  raised  and  the  other  let  down,  having  the  beam  P  Q 


for  its  plyer.  To  N  O  are  suspended  two  moveab  e  braces, 
E  H,  E  H.  which  resting  on  the  support  E,  press  against  the 
bracket  M,  and  thereby  strengthen  the  draw  bridge.  These 
braces  are  conducted  to  the  rest  by  means  of  the  weight  S 
pulling  the  chain  S  L  F. 

Tt  will  now  be  necessary  to  proceed  with  those  details  upon 
which  the  practical  construction  of  bridges  depends  ;  and  we 
will  therefore  lay  down  Belidor's  Table  for  the  thickness  of 
their  piers,  agreeably  to  what  has  been  said  above,  on  the  rela- 
tive proportions  between  the  span  of  the  arch  and  the  thickness 
and  height  of  the  piers. 

The  first  horizontal  line  expresses  the  height  of  the  piers  in 
feet,  from  6  to  24  feet,  each  increasing  by  3.  The  first  vertical 
column,  the  width  of  the  arches  from  20  to  100  feet,  for  every 
five  feet.  The  other  columns  express  the  thickness  of  piers  in 
feet  and  decimals,  according  to  the  respective  height  at  the 
head  of  the  columns,  and  the  width  of  the  arch  against  it  in  the 
first  column.  Thus,  e.g.  let  the  width  of  the  arch  be  60  feet, 
and  the  height  of  the  piers  12,  then  the  number  12'718  under 
12.  and  against  60,  expresses  the  tliirkiuss  of  the  piers,  i.  e. 
12  feet  8  inches  ftths.  The  length  of  the  key-stone  in  an  arcli 
of  .TO  feet  wide,  is  2  feet ;  3,  4,  5,  6  feet  in  an  arch  of  45,  60, 
75,  90. 

As  (his  table  contains  the  thickness  of  the  piers  in  respect 
to  arches  that  are  coniinonly  used  in  practice,  we  imagine  it 
would  be  needless  to  carry  on  the  table  further;  because  the 
difference  between  the  thickness  of  the  piers  of  any  two  con- 
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tijruous  arches  being  but  small,  those  between  any  two  marked 
here  may  be  made  equal  to  half  the  sum  of  the  next  below  and 
above  it  ;  thus,  the  tiiickness  of  the  piers  of  an  arch  52  or  53 
feet  wide,  is  nearly  equal  to  10-242,  half  the  sum  of  the  thick- 
nesses y-oa5  and  10  64,  of  the  arches  50  and  55  feet  wide,  when 
the  height  of  the  piers  is  6  feet. 

Table  conlaininrj  the  Thickness  of  Piers  of  lindges. 


G 

9 

12 

15 

18 

21 

24 

20 

4-574 

4-918 

6-165 

5-350 

5-492 

5-610 

5-689 

25 

5-490 

5-913 

6-216 

6-455 

6  645 

6-801 
7-939 

7-930 

30 

6-386 

6-816 

7-2-25 

7-513 

7-746 

8-102 

35 

7-258 

7-788 

8-200 

8-532 

8-807 

9  037 

9-233 

40 

8-404 

8-691 

9-148 

9-523 

9-835 

10-101 

10-328 

45 

8-965 

9-579 

10-077 

10-489 

10-817 

11-316 

11-394 

50 

9-805 

10-454 

10-987 

11-435 

11-817 

12-148 

12-234 

55 

10-640 

11-245 

11-882 

12-364 

13-019 
13  723 

13-149 

13-218 

60 

ll-40tJ 

12-110 

1-2-718 

13-218 

14-109 
15-082 

14-314 

65 

12-265 

13-0-25 

13-648 

14-185 

14-654 

15-435 

70 

13114 

13-869 

14-517 

15-049 

15-573 
16-480 
17-381 

16-011 

16-400 

75 

14000 

14-705 

15336 

15-965 

16-940 
17-864 

17-354 

80 

14-747 

15542 

16-234 

16-842 

18-296 

85 

15513 

16-328 

17-041 

17-674 

1 8-237 

18-742 

19-198 

90 

16-373 

17-201 

17-429 

18-178 

19-257 

19-679 

20-132 

95 

17-184 

17-8-26 

18-771 

19-438 

20-036 

20-577 

21-008 

100 

17-991 

18-848 

19-6-20 

-20-293 

20-908 

21-468 

21-978 

Rectangular  piers  are  seldom  used  but  in  bridges  over  small 
rivers.  In  all  other  cases,  they  project  beyond  the  bridge  by  a 
triangular  prism,  which  presents  an  edge  or  an  angle  to  the  cur- 
rent, in  order  to  divide  the  water  more  easily,  and  to  prevent 
ice  and  other  matters,  that  float,  from  sheltering  there,  as  well 
as  vessels  from  running  foul  against  them.  That  edge  is  ter- 
minated by  the  adjacent  faces  at  right  angles  to  each  other  at 
Westminster  bridge,  and  makes  an  acute  angle  at  the  Pont 
Royal  of  Paris,  of  about  60  degrees  ;  but  of  late,  the  French 
terminate  this  angle  by  two  cylindric  surfaces,  whose  bases  are 
arcs  of  60°  in  all  their  new  bridges. 

Slope  of  the  Biiih/e  on  each  side,  and  Width. — When  the  banks 
of  the  rivers  are  high,  the  bridge  is  level  above,  and  all  the 
arches  of  an  equal  width  ;  but  where  they  are  low,  or  for  the 
sake  of  navigation,  a  large  arch  is  made  in  the  middle  of  the 
stream,  and  the  bridge  is  higher  in  the  middle  than  at  the  ends  ; 
the  slope  easy  and  gradual  on  both  sides,  so  as  to  form  one 
continued  curve  line.  The  descent  of  that  slope  may  be  one- 
fiftieth  part  of  the  length. 

The  width  allowed  to  small  bridges  is  30  feet;  but  in  large 
ones,  near  great  towns,  30  feet  are  allowed  clear  for  horses 
and  carriages,  besides  a  pathway  on  each  side  for  foot  passen- 
gers, from  6  to  9  feet  broad,  raised  about  a  foot  above  the  car- 
riage road  ;  the  parapet  walls  on  each  side  are  about  18  inches 
thick,  and  4  feet  high,  and  generally  project  over  the  bridge 
with  a  cornice  underneath.  Sometimes  balustrades  of  stone 
or  iron  are  placed  upon  the  parapet,  as  at  Westminster  and 
Blackfriars'  bridges  ;  but  this  is  only  practised  in  bridges  of  a 
great  length,  and  near  tlie  capital  of  a  country.  The  ends  of 
bridges,  open  from  the  middle  of  the  two  large  arches  with  two 


wings,  making  an  angle  of  45  degrees  with  the  vest,  in  order  to 
make  their  entrance  more  free  and  easy.  These  wings  are 
supported  by  the  same  arches  of  the  bridge  next  to  them,  being 
continued  in  the  manner  of  an  arch,  of  which  one  pier  is  much 
longer  than  the  other. 

Tlie  Methods  of  Laying  the  Foundation. — Laying  the  founda- 
tion of  the  pier  is  the  most  difficult  part  of  the  whole  work, 
except  when  the  depth  of  the  water  does  not  exceed  6  or  8 
feet.  In  shallow  water,  one  of  the  abutments,  with  the  adja- 
cent piers,  is  enclosed  by  a  dike  of  a  sullicient  width  for  the 
work,  and  room  for  the  workmen.  This  dam  is  made  by  driv- 
ing a  double  row  of  piles,  whose  distance  is  equal  to  the  depth 
of  water,  and  the  piles  in  each  row  are  3  feet  from  each  other. 
They  are  fastened  together  on  the  outside  by  bonds  of  6  by  4 
inches  thick.  This  done,  frames  about  9  feet  wide  are  placed 
on  the  inside,  to  receive  the  boards  which  are  to  form  the 
enclosure.  The  two  uprights  of  these  frames  are  two  boards 
of  an  inch  and  a  half  thick,  sharpened  below,  to  be  driven  into 
the  ground  as  deep  as  necessary  ;  then  the  boards  themselves 
are  likewise  driven  in  till  they  reach  the  firm  ground  under- 
neath. Between  every  two  piles,  tie-beams  are  fixed  to  the 
ends  of  the  piles,  to  strengthen  the  inside  wall,  and  fasten  it  to 
the  outside  one;  these  tie-beams  are  let  into  the  bonds,  and 
bolted  to  the  adjacent  piles.  The  bottom  is  then  cleared  from 
the  loose  sand  and  gravel,  by  a  machine  like  that  used  by 
ballast-heavers,  and  then  well  prepared  clay  is  rammed  into 
this  cofl'cr  very  tight  and  firm,  to  prevent  the  water  from  oozing 
through.  Sometinres  these  enclosures  are  made  with  piles  only, 
driven  close  to  each  other  ;  at  others,  the  piles  are  notched  or 
dove-tailed  one  into  the  other  ;  but  the  most  usual  method  is 
to  drive  piles  with  grooves  in  them,  5  or  6  feet  distant  from 
each  other,  and  boards  are  let  down  between  them  in  these 
grooves. 

Pumps  and  other  engines  are  now  used  to  draw  the  water  out 
of  the  dams  or  enclosures,  till  they  become  quite  dry  ;  then 
the  foundation  is  dug,  and  the  stones  are  laid  with  the  usual 
precautions,  observing  to  keep  some  of  the  engines  always 
standing,  to  draw  off  the  water  that  may  ooze  through  the 
coffer  work.  The  foundation  being  cleared,  a  course  of  stone 
is  laid  on  the  outside  all  round,  with  the  largest  .stretchers  and 
headers  that  can  be  had,  and  the  inside  filled  with  ashlers  well 
jointed,  the  whole  laid  in  terrass  mortar;  and  some  cramps  are 
also  used  to  fasten  the  facings  with  the  inside.  The  same 
manner  is  to  be  observed  throughout  all  the  courses,  to  the 
height  of  low  water  mark ;  after  which,  the  facings  alone  are 
laid  in  terrass  mortar,  and  the  inside  with  the  best  of  the  com- 
mon sort.  When  the  foundation  has  been  raised  to  the  height 
of  low-water  mark,  or  to  the  height  where  the  arches  begin, 
then  the  shaft  or  middle  wall  is  to  be  carried  up  nearly  to  the 
height  of  the  arches,  and  there  left  standing  till  all  the  piers 
are  finished,  in  order  that  the  masonry  may  be  sufiiciently  dry 
and  settled  before  the  arches  are  begun. 

The  proper  Form  of  the  Base. — As  the  piers  end  generally 
with  an  arch  at  each  end,  it  is  usual  to  lay  the  foundation  in 
the  same  manner  ;  which  is  not  so  well  as  to  continue  the  base 
rectangular  quite  to  the  ends  of  the  piers,  and  as  high  aa  low- 
water  mark,  both  because  the  foundation  becomes  then  so 
much  broader,  and  also  because  the  water  will  not  be  able  to 
get  under  it ;  for  when  the  current  sets  against  a  flat  surface, 
it  drives  the  sand  and  mud  against  it,  so  as  to  cover  it  entirely, 
whereas  if  a  sharp  edge  be  presented  to  the  stream,  it  carries 
every  thing  away,  and  exposes  the  foundation  to  the  continual 
action  of  the  water,  which  in  course  of  time  must  destroy  it. 

After  the  intervals  between  the  arches  are  filled  up  with 
stones,  laid  in  a  regular  manner,  without  mortar,  and  the 
gravel  is  laid  over  them  ;  two  drains  or  gutters  are  made 
lengthwise  over  the  bridge,  one  on  each  side  next  to  the  foot- 
path, about  six  feet  wide  and  a  foot  <leep,  which  being  filled 
with  small  pebble-stones,  serve  to  carry  off  the  rain  water  that 
falls  on  the  bridge,  and  to  prevent  its  filtering  through  the  joints 
of  the  arches,  as  often  happens. 

Method  of  Building  uith  Coffers,  as  nas  practised  at  IVest- 
minster  Bridge,  is  to  build  with  colters,  when  it  is  prcfi-rable, 
from  the  depth  of  water  being  6  feel  at  a  medium  Hlirn  lowest^ 
and  the  tide  rises  about  10  feet  at  a  nu'<liuin  also,  so  lliat  the 
greatest  depth  of  water  is  about  16  feet.     .Vt  the   place  where 
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one  of  the  jiiers  at  the  middle  or  prcat  arch  was  to  be,  the 
workmen  drove  piles  of  about  13  or  14  inches  square,  and  34 
feet  loiiiT,  shod  «ith  iron,  so  as  to  enter  into  the  gravel  with 
more  case,  and  hooped  above,  to  prevent  their  splitting  in 
driving  them  home.  These  piles  were  driven  from  13  to  14 
feet  below  the  bed  of  the  river,  and  7  feet  distant  from  each 
other,  parallel  to  the  short  ends  of  the  pier,  and  about  30  feet 
distant  from  them.  The  number  of  these  piles  was  34,  and 
their  intent  was,  to  prevent  any  vessels  or  barges  from  ap- 
proaching the  work  ;  and  in  order  to  hinder  boats  from  passing 
between  them,  booms  were  placed  so  as  to  rise  and  fall  with 
the  water. 

At  this  stage  of  the  work,  the  ballast-men  dug  the  foundation 
under  the  water,  of  about  (i  feet  deep,  and  5  wider  all  round 
than  the  intended  colicr  was  to  be,  with  an  easy  slope,  to 
prevent  the  ground  from  falling  in.  In  order  to  prevent  the 
current  from  washing  the  sand  into  the  pit,  short  grooved  piles 
were  driven  before  the  two  ends,  and  part  of  the  sides,  about 
4  feet  higher  than  low-watermark,  and  15  feet  distant  from  the 
coffer:  between  these  piles,  rows  of  boards  were  let  into  the 
grooves  down  to  the  bed  of  the  river,  and  fi.\ed  there. 

The  bottom  of  the  coffer  was  made  of  a  strong  grating,  con- 
sisting of  two  rows  of  large  timbers,  the  one  longways,  and 
the  other  crossways,  boiled  together  with  wooden  trunnels  ten 
feet  wider  than  the  intended  foundation.  The  sides  of  the  coffer 
were  made  with  fir  tindjers  laid  horizontally  close  one  over 
another,  pinned  with  oaken  trunnels,  and  framed  together  at 
the  corners,  excepting  at  the  two  protruding  angles,  where 
they  were  secured  with  ijon,  so  that  the  one  half  might  be 
loosened  from  the  other,  if  it  should  be  thought  necessary  : 
these  sides  «ere  lined  on  the  inside,  as  well  as  on  the  outside, 
with  three-inch  planks  placed  vertically  ;  the  thickness  of  those 
sides  was  18  inches  at  the  bottom,  reduced  to  15  above,  and 
they  were  16  feet  high;  besides,  knee-timbers  were  bolted  at 
the  angles,  to  secure  them  in  the  strongest  manner.  The  sides 
were  fastened  to  the  bottom  by  28  pieces  of  limber  on  the  out- 
side, and  18  within,  called  straps,  about  8  inches  broad  and  3  or 
4  inches  thick,  reaching  and  lapping  over  the  ends  of  the  sides. 
The  lower  part  of  these  straps  had  one  side  cut  dove-tail 
fashion,  to  fit  mortises  made  near  the  edge  of  the  bottom,  and 
were  kept  in  their  places  by  iron  wedges  ;  which  being  driven 
out  when  the  sides  were  taken  away,  gave  liberty  to  clear  the 
straps  from  Iha  mortises. 

Before  the  coffer  was  launched,  the  foundation  was  ex- 
amined, to  know  whether  it  was  level;  for  which  purpose 
several  gauges  were  made,  each  of  which  consisted  of  a  stone 
of  about  15  inches  square  and  3  thick,  with  a  wooden  pole  in 
the  middle,  of  about  18  feet  long.  The  foundation  being 
levelled,  and  the  eotler  fixed  directly  over  the  place  with 
cables  fastened  to  the  adjacent  piles,  the  masons  laid  the  first 
course  of  stones  for  the  foundation  within  it ;  which  being 
finished,  a  sluice  made  near  the  side  was  opened  at  low  water, 
on  which  the  coller  sunk  to  the  bottom  ;  and  if  it  did  not  set 
level,  the  sluice  was  shut,  and  the  water  pumped  out,  so  as  to 
make  it  float  till  the  fiuindation  was  levelled:  then  the  masons 
cramped  the  stones  of  the  first  course,  and  laid  a  second, 
which  being  likew  ise  cramped,  a  third  course  was  laid  :  then 
the  sluice  being  opened  again,  proper  care  was  taken  that  the 
coffer  should  settle  in  its  due  place.  The  stone  work  being 
thus  raised  to  w ithin  t«o  feet  of  the  common  low-water  mark, 
about  two  hours  before  low  w  ater  the  sluice  was  shut,  and  the 
water  pumped  out,  so  far  as  that  the  masons  could  lay  the 
next  course  of  stone,  whi<di  they  continued  to  do,  till  the  water 
was  risen  so  hish  as  to  make  it  unsafe  to  proceed  any  furthe;  ; 
then  they  left  olf  the  woik,  and  opened  the  sluice  to  let  in  the 
water.  Thus  they  continued  to  work  night  and  day,  at  low 
water,  till  they  liad  cairied  their  work  some  feet  higher  than 
the  low-water  mark  ;  alter  this,  the  .sides  of  the  coffer  were 
loosened  from  the  bottom,  which  nm<ie  them  float,  and  then 
were  carried  ashore  to  be  fixed  to  another  Ijottom.  in  order  to 
serve  for  another  pier.  It  must  be  observed,  that  the  coffer 
being  nn  higher  than  Hi  feet,  which  is  equal  to  the  greatest 
depth  of  water,  and  the  fciundation  being  G  feet  under  the  bed 
of  the  river,  the  coller  was  therefore  C  feet  under  water  when 
the  tide  was  in  ;  but  being  loaded  w  ith  three  courses  of  stones, 
«nd  well  secured  with  ropes  fastened  to  the  piles,  it  could  not 


move  from  its  place.  By  making  it  no  higher,  much  labonr 
and  expense  were  saved;  yet  it  answered  the  intent  fully  as 
well  as  if  it  had  been  high  enough  to  rench  above  the  highest 
flood. 

The  pier  being  thus  carried  on  above  low-water  mark,  the 
masons  finished  the  rest  of  it  during  the  intervals  of  the  tides 
in  the  usual  way  ;  and  after  all  the  piers  and  abutments  were 
finished  in  like  manner,  the  arches  were  begun  and  completed 
as  mentioned  before.  The  whole  bridge  was  built  in  about 
seven  years,  without  any  accidents  happening  either  in  the 
work,  or  to  the  workmen. 

Materials  emploijed.— K\\  the  piers  were  built  with  solid 
Portland  stone,  some  of  which  weighed  four  tons.  The  arch 
stones  were  likewise  of  the  same  sort ;  but  the  rest  of  the 
masonry  was  finished  with  Kentish  rag-stones,  and  the  paths 
for  foot  passengers  were  paved  with  Purbec,  which  is  the 
hardest  stone  to  be  had  in  England,  except  granite,  called 
otherwise  Plymouth  marble. 

This  Metliod  sometimes  impracticahle. — This  method  cannot  be 
used  in  many  cases ;  as  where  the  foundation  is  so  bad  as  not 
to  be  depended  upon  without  being  piled,  or  the  depth  of  water 
is  very  great,  with  a  strong  current  and  no  tide.  For  if  piles 
are  used,  it  will  be  impossible  to  cut  them  off  in  the  same  level 
five  or  six  feet  below  the  bed  of  the  river  ;  and  if  this  is  not 
done,  the  grating  or  bottom  of  the  coffer  will  not  be  equally 
stipported,  w  hereby  the  foundation  becomes  precarious.  In  a 
great  depth  of  water,  having  a  strong  current  and  no  tide,  the 
coller  must  rea:a  above  the  water,  which  makes  Uiis  process 
expensive,  unwieldy,  and  difficult  of  execution  ;  so  that  there  is 
no  probability  of  using  it  in  such  a  case. 

TIte  Russian  Ulethnd. — In  some  cases,  where  there  is  great 
depth  of  water,  and  the  bed  of  the  river  tolerably  level,  or 
w  here  it  can  be  made  so  by  any  contrivance,  a  strong  frame  of 
timber,  four  times  as  large  as  t!ie  base  of  the  piers,  maybe 
let  down  with  stones  upon  it,  round  the  edges,  to  make  it  sink. 
After  fixing  it  level,  piles  must  be  driven  about  it  to  keep  it  in 
its  place,  and  the  foundation  laid  in  coffers  as  before,  whicli 
arc  kept  steady  by  ropes  tied  to  the  piles.  This  method  has 
frequently  been  practised  in  Russia ;  and  though  the  bed  of 
t!ie  river  is  not  solid,  yet  such  a  grating,  when  once  settled 
with  the  weight  of  the  pier  upon  it,  will  be  as  firm  as  if  piles 
had  been  driven  under  the  foundation  ;  but  to  prevent  the  water 
from  gulling  under  the  foundation,  and  to  secure  it  against 
all  accidents,  a  row  of  dove-tail  piles  must  be  driven  quite 
round  the  grating.  This  precaution  being  taken,  tlie  foundation 
will  be  as  secure  as  any  that  can  be  made. 

The  French  DIsthod. — The  French  engineers  use  another 
method  in  raising  the  foundations  of  masonry  under  water, 
which  is,  to  drive  a  row  of  piles  round  the  intended  place, 
nearer  to,  or  farther  from,  each  other,  according  as  the  water 
is  more  deep  or  shallow.  These  piles  being  strongly  bound 
together  in  several  places  w  ith  horizontal  tie-beams,  support  a 
row  of  dove-tail  piles  driven  within  them  :  when  this  is  done, 
and  all  are  screwed  according  to  the  nature  of  the  situation 
and  circumstances,  the  foundation  is  dug  by  a  machine  with 
scoops,  invented  for  that  purpose,  until  the  workmen  come  to 
a  solid  bed  of  gravel  or  clay  ;  or  if  the  bed  of  the  river  is  of  a 
soft  consistence  to  a  great  depth,  it  is  dug  about  six  feet,  and 
a  grating  of  timber  is  laid  upon  it,  which  is  well  screwed  with 
piles  driven  into  the  opposite  corners  of  each  square. 

When  the  fouiulation  is  thus  prepared,  the  masons  make  a 
mortar  called  betun,  which  consists  of  twelve  parts  of  pozolano 
or  Dutch  terras,  six  of  good  sand,  nine  of  unslaked  lime,  thir- 
teen of  stone  splinters  not  exceeding  the  bigness  of  an  egg, 
and  three  parts  of  tile  dust,  or  cinders,  or  else  scales  of  forge 
iron  :  this  being  well  worked  together,  must  stand  24  hours,  or 
till  it  becomes  so  hard  as  not  to  he  separated  without  a  pick- 
axe. This  mortar  being  thus  prepared,  they  throw  into  the 
coffer  a  bed  of  ruble  stones,  not  very  large,  and  spread  them 
all  over  the  bottom  as  nearly  level  as  they  can;  they  then  sink 
a  box  full  of  this  hard  mortar  broken  into  pieces,  till  it  <omes 
within  a  little  of  the  bottom  ;  the  box  is  so  ciontrived  as  to  be 
overset  or  turned  upside  down  at  any  depth  ;  the  pieces  of 
mortar  now  soften,  and  so  fill  up  the  vacant  spaces  between 
the  stones  :  by  these  means  Ihev  sink  as  much  of  it  as  w  ill  form 
a  bed  of  about  12  inches  deep  all  over ;  then  they  Uirow  in 
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another  bed  of  stone,  and  continue  alternately  to  throw  one  of 
mortar  and  one  of  stone,  till  the  work  approaches  the  surface 
of  the  water,  where  it  is  levelled,  and  then  the  rest  is  finished 
with  stones  in  the  usual  manner.  A  coder  contaioinj;  27  cubic 
feet  of  masonry  made  of  this  mortar,  and  sunk  into  the  sea, 
was  there  left  standing  for  two  months,  and  when  it  was  taken 
out  again,  it  was  harder  than  the  stone  itself. 

The  usual  way  in  which  the  foundations  of  Waterloo  Bridge, 
Southwark  Bridge,  and  Vanxhall  Bridge,  have  been  laid,  was 
by  driving  piles  of  Memel  logs,  14  or  15  inches  square,  for 
the  construction  of  the  coder,  which  was  cleared  of  water  by 
means  of  pumps,  and  the  work  proceeded  much  in  the  same 
way  as  mentioned  above. 

Geometrical  Construction  of  Bridges. — Bridges  constructed 
with  circular  or  elliptical  arches,  being  tlie  most  common,  we 
now  proceed  to  lay  down  a  theory  for  their  construction, 
founded  on  philosophical  principles,  which,  by  our  mode  of 
explanation,  will  be  understood  by  the  mechanic,  and  cannot 
be  unworthy  the  attention  of  the  man  of  science. 

All  bodies  in  the  earth  tend  to  the  centre  of  the  globe,  unless 
prevented  by  some  force  that  resists  their  obedience  to  the 
universal  law  of  gravity,  and  changes  their  direction.  If  we 
attend  particularly  to  one  body,  having  all  its  parts  tending 
equally  to  the  centre  of  the  earth,  and  supported  in  that  posi- 
tion, it  will  retain  its  position.  If  we  suppose  another  body  to 
press  upon  it,  so  as  to  change  that  position,  which  it  has  on  its 
support,  or  force  away  its  support,  in  whole,  or  in  such  part, 
that  a  greater  part  of  the  body  has  a  tendency  to  the  centre, 
more  than  it  has  to  its  support,  it  will  fall  towards  the  earth  in 
a  direction  to  its  centre. 

Let  A  B,  as  in  the  annexed  figure,  be  two  supports,  suppose 
one  foot  square,  5  feet  high,  or   any  other  height,  standing 
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perpendicularly,  and  let  a  piece  of  the  same  dimensions,  wood 
or  stone,  F,  three  feet  in  length,  be  placed  across  in  equilibrio ; 
the  perpendicular  support  is  not  pressed  by  this  weight,  but  in 
the  perpendicular  direction.  If  a  second  piece,  of  5  feet,  is 
laid  upon  the  3  feet  piece,  in  the  same  way,  projecting  1  foot 
on  each  side,  they  will  still  remain  in  equilibrio,  and  so  on  till 
the  two  bodies  upon  the  two  uprights  meet  one  another,  as  in 
the  figure,  the  planks  or  logs  D  D  meet  in  E,  without  allecting 
the  supports,  except  in  the  perpendicular  direction.  The 
equilibrium  being  preserved,  no  force  imposed  will  make  the 
supports  give  way,  that  will  not  separate  the  partii:!es  of  mat- 
ter, or  break  its  contexture.  Neither  will  any  weight  push  it 
over,  that  is  not  greater  than  the  perpendicular  pressure  ;  for 
action  and  reaction  are  equal,  acting  in  contrary  directions. 
The  force  then  that  it  will  support  before  it  yield,  is  equal  to 
the  number  of  square  feet  that  rests  on  its  surface,  and  turns 
upon  the  angular  point  F.  Now,  suppose  tliis  operation  con- 
tinued the  whole  length  of  the  bridge,  and  the  whole  level 
blocks  in  contact  with  one  another,  received  by  the  abutments, 
or  landstools,  the  bridge  will  support  any  weight  that  the 
strength  of  those  blocks  could  sustain,  and  the  abutments 
react  upon.  This  is  the  genuine  Egyptian  arch,  not  elegant, 
but  strong,  as  each  block  is  supported  one  foot  distant,  and 
the  upper  ones  in  contact  with  one  another,  only  react  by  their 
own  strength,  at  one  foot  distant,  williont  support ;  and  by  the 
reaction  of  the  land  abutments  cannot  yield  to  give  any  lateral 
pressure  upon  the  pier. 
15. 


Let  us  now  suppose  a  semicircle  of  any  other  arch  described, 
the  superfluous  matter  is  carried  off,  and  the  arch  remains  in 
strength  and  beauty.  Now,  instead  of  balancing  the  blocks  by 
counterpoise  on  each  side  of  the  support,  let  this  be  taken  ofl', 
and  applied  as  weights  above  the  pier,  being  equal  in  weight 
to  those  that  form  the  arch,  the  equilibrium  is  still  preserved, 
without  any  lateral  pressure.  This  may  be  illustrated  by  a 
very  simple  expeiiment.  Let  k,  B,  C,  D,  in  the  annexed  figure, 
be  four  blocks  ;  the  first,  A,  a  square,  which  re- 
presents the  base  ;  if  the  second,  B,  a  pentagon, 
inscribed  in  a  circle  of  the  same  radius  about 
which  the  S()uare  is  described,  be  placed  with  one 
of  its  angles  to  the  perpendicular  edge  of  the 
square,  a  perpendicular  falls  within  the  base,  and 
it  is  therefore  firmly  supported.  Let  the  hexa- 
gon, C,  be  placed  upon  one  of  the  sides  of  the 
pentagon,  the  two  angles  likewise  coinciding.  In 
this  the  perpendicular  falls  over  the  base;  it  will 
therefore  be  no  longer  firmly  supported,  but  will 
fall,  and,  if  attached  to  the  pentagon,  w  ould  carry  a  part  of  it 
along  with  it,  except  prevented  by  friction,  and  consistency  of 
the  texture  of  materials.  In  this  situation  let  it  be  retained,  till  a 
pentagon  is  placed  on  the  opposite  side  of  the  hexagon  ;  the 
plumb  line,  or  perpendicular,  as  it  now  appears,  falls  within  the 
base,  and  will  be  again  supported  so  as  to  carry  an  additional 
block  raised  upon  it,  or  require  a  considerable  force  to  pull  it 
over  on  that  side,  to  which  the  hexagon  was  inclined  to  fall. 
The  conclusion  we  would  draw  from  the  above,  is,  that  if  the 
column  or  pier  is  of  such  dimensions  at  top,  where  the  spring 
of  the  arch  rises,  that  a  weight  of  such  materials  as  the  arch  is 
composed  of  can  be  raised,  not  exceeding  the  height  of  the 
vertex  or  crown  of  the  arch,  as  will  counterpoise  that  part  of 
the  arch  that  produces  the  lateral  pressure;  then  a  pier  of  such 
dimensions  is  of  sufficient  strength  to  support  such  an  arch,  till 
the  other  arches  are  thrown,  and  the  whole  made  to  abut  upon 
columns  that  will  counterpoise  the  whole  with  any  incumbent 
weight  proposed. 

To  apply  the  arches  to  their  piers,  and  to  one  another,  they 
should  abut  upon  one  another,  as  in  the  following  figure. 


In  the  next  figure,  we  take  a  semicircular  arch  of  75  feet 
span,  or  archstone  we  think  of  a  sufficient  strength,  at  3  feet 
length  ;  our  pier  6  feet,  equal  to  the  two  archstones.  As  every 
arcli  can  be  raised  to  a  certain  height,  without  the  support  of 
the  centre  arch  ;  allowed,  to  the  30th  degree,  or  one-third  of 
the  distance  to  the  crown  of  the  arch,  we  have  divided  the 
quadrant  or  half  of  tlie  arch  into  eighty-three  equal  parts  ; 
and  where  more  than  half  of  the  archstone  falls  over  the  per- 
pendicular, we  consider  this  as  the  height,  not  to  be  exceeded 
without  support.  The  weight  of  matter  upon  the  pier  to  this 
height,, we  compare  with  the  weight  of  matter  from  that  con- 
tained in  the  archstones.  or  rather,  what  breadth  of  pier  will 
contain  a  quantity  of  matter  that  will  counterpoise  the  weight 
of  the  arclistoncs  of  an  arch  of  given  span,  and  length  of  arch- 
stones to  the  crow  n  of  the  arch.  In  investigations  of  this  kind, 
recourse  is  had  to  trigonometrical  calculations,  and  to  algebraic 
and  fiuxionary  equations.  Foreign  writers  give  us  rules,  col- 
lected from  such  constructions  as  suited  their  taste  ;  and  most 
algebraic  and  lluxionary  ecpiations  take  their  data  from  some 
bridge,  the  construction  of  which  pleases  the  writer,  and  brings 
his  result  agre ealilc  thereto. 

Let  us  consider  the  archstones  as  wedges  abutting  upon  one 
2  L 
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another,  and  the  whole  upon  the  landstool,  or  upon  the  pier  of 
the  particular  arch,  and  resisted  Ijy  pressure,  which  ruay  be 
expressed  by  a  line  placed  at  right  angles  to  an  archstone,  at 
that  part  of  the  arch  which  rests  upon  the  centre  arch ;  but 
whose  length  is  not  yet  determined,  but  will  be  determined  in 
the  result  of  our  theory,  of  which  every  mechanic  is  able  to 
judge :  and  which,  at  the  same  time,  we  flatter  ourselves  the 
learned  will  not  find  cause  to  challenge. 


The  thickness  of  the  pier  we  have  taken  is,  Ai,  6  feet;  each 
division  of  the  arch  is  equal  to -2  feet  on  the  outside,  and  tends 
as  a  wedge  to  the  centre  of  the  circle.  The  inside  measures 
1-8  feet,  the  mean  is  1-9  x  3;  the  length  of  the  stone  is  57 
of  surface :  we  suppose  it  taken  3  feet  into  the  arcli,  or  it  is 
equal  to  17-1  solid  feet  in  each  of  our  divisions  ;  the  scale  is 
half  an  inch  to  10  feet.  The  solid  measure  on  the  whole  is 
easily  found ;  the  30°  is  at  «,  but  the  arch  will  rise  without  the 
support  of  the  centre  arch  to  c.  Now,  the  number  of  divisions 
from  a  to  the  centre  of  the  arch,  is  22-2  ;  which  multiplied  by  17' I 
solid  feet  each,  is  37962  solid  feet ;  the  pier  of  6  feet  contains 
to  the  height,  a.  the  surface  A  b  da,  at  a  mean,  taken  as  in  the 
table,  a  is  7275,  being  each  2  feet,  is  145-5  superficial  feet,  x  3, 
the  assumed  depth  is  436'5  solid  feet,  being  fully  in  e(|uilibrium 
with  the  archstones ;  but  as  the  arch  will  rise  to  c,  there  is  an 
additional  weight  of  2295  solid  feet,  which  will  be  allowed 
more  than  a  counterpoise  to  the  pressure  of  the  arch,  without 
any  aid  from  the  pier,  which  has  only  the  perpendicular  pres- 
sure to  support.  By  this,  therefore,  is  ascertained,  the  coun- 
terpoise which  will  support  this  arch  until  the  other  arches  are 
raised  ;  which,  as  they  all  abut  upon  one  another,  the  land- 
stool  must  be  made  of  such  strengtii  as  to  counterpoise  the 
whole.  This  is  ascertained  upon  the  same  principle,  and 
leaves  no  stress  upon  the  piers,  but  the  perpendicular  pressure 
alone.  This  pier  is  scarce  one-twelfth  part  of  the  opening,  by 
which,  the  river  having  so  free  a  passage,  will  aflect  the  bridge 
by  pressure  but  very  little.  The  above  figure  is  a  perspective 
view  of  one  arch  of  a  bridge,  on  this  construction,  with  part  of 
an  adjoining  arch  on  each  side. 

But  the  piers  must  be  made  of  greater  breadth,  when  the 
situation  of  the  river,  or  other  circumstances,  or  when  a  seg- 
ment of  a  circle  is  made  choice  of  for  the  ease  of  the  passage, 
or  when  economy  in  the  use  of  materials  and  mason-work  are 
considered  ;  or  the  base  of  >he  arch,  or  the  surface  of  the  pier, 
will  not  admit  of  mason-work  to  bear  upon  the  spring  of  the 
arch,  of  such  weight  as  to  produce  a  suflicient  counterpoise  to 
the  archstones  that  produce  the  lateral  pressure.  If  the  arch 
is  flatter  than  that  now  under  consideration,  tlie  pier  ought  to 
be  broader  ;  and  this  is  ascertained  in  projecting  the  plan. 
At  the  same  time,  as  the  fall  and  destruction  of  an  arch  is 
attended  with  very  great  loss  in  money,  lime,  and  materials, 
by  way  of  precaution,  beams  may  be  made  to  abut  upon  one 
another,  and  upon  each  pier  ;  and  (his  will  be  no  loss  of  time 
or  materials  either,  as  it  will  supply,  in  part,  the  support  of  the 
centre  arches,  upon  which  the  arch  of  the  bridge  is  raised  ;  and 
it  is  a  precaution  used,  upon  a  smaller  scale,  when,  in  front 
walls  of  houses,  the  whole  is  often  supported  upon  arcades 
of  shop  doors  and  windows,  many  of  their  piers  not  ex- 
ceeding 9  or  10  inches:  a  cross  bar,  or  piece  of  wood  laid 
across,  to  prevent  their  yielding  or  losing  the  perpendicular, 
till  the  whole  is  completed.  Now,  the  pressure  upon  the  arch 
is  not  so  great  as  most  writers  have  assigned,  that  is,  to  the 
whole  incumbent  weight  of  all  the  materials  above  it,  together 
with  that  of  passage.  The  art  of  masonry  is  such,  that  the 
beds  or  rows  of  stones  are  so  bound  one  with  another,  that 


each  makes  a  pressure  on  its  contiguous  part,  so  as  to  form  au 
arch  of  themselves.  We  see  in  well-built  walls  a  vast  excava- 
tion made  in  the  lower  part,  or  in  the  middle  of  the  wall,  and 
the  upper  part  of  the  building  not  alluctcd.  In  like  manner, 
the  arches  being  all  raised  to  the  height  that  they  can  be, 
without  the  support  of  the  ceutre  arch,  they  are  completed  and 
filled  up  to  the  level  of  the  keystone,  but  not  higher.  The 
arch  is  properly  secured,  if  the  principles  of  equilibration,  in 
filling  up,  are  properly  attended  to  ;  but  if  one  side  is  over- 
loaded, either  in  filling  up  or  in  building,  it  must  twist  the 
arch,  and,  if  not  instantly  to  break  it,  must  tend  to  an  uncer- 
tainty as  to  its  durability. 

Among  the  various  writers  upon  bridges,  some  prefer  the 
circular  arch,  both  for  strength  and  elegance.  Others  contend, 
that  it  is  exceeded  in  both  by  the  elliptic  arch.  Others  will 
give  the  preference  to  the  catenarian  arch  ;  and  we  are  told, 
that  the  excellency  lies  on  the  side  of  the  parabolic  curve. 
We  do  not  think  it  incumbent  on  us  to  combat  each  of  these  ; 
neither  do  we  think  our  readers  would  thank  us  for  so  doing. 
It  may,  however,  be  expected,  that  we  should  not  pass  them 
entirely  unnoticed. 

In  the  first  place,  then,  we  are  of  opinion,  that  the  arch  that 
bears  most  equally  throughout  the  whole,  one  part  upon 
another,  has  the  best  claim  to  strength.  Our  reason  is,  which 
we  illustrate  thus,  let  AB,  AC,  be  placed  as   in  the  annexed 

figure.  Supposeaweight,  placed 
upon  them  in  such  a  manner  as 
to  press  equally  upon  the  point 
A,  the  two  bodies  A  B,  A  C,  will 
in  that  point  support  the  great- 
est weight.  If  the  same  weight 
is  laid  in  the  middle,  between  A 
and  C,  or  ,4  and  B,  they  will 
each  yield  to  the  pressure  ;  for 
the  weight  is  not  equally  di- 
vided between  them.  But  if 
these  bodies  are  so  placed,  that 
in  every  position  on  which  a 
weight  can  be  applied  to  them, 
the  weight  shall  be  equally  sup- 
ported by  both,  we  should  give  this  form  the  preference  as  to 
strength;  and  this  is  the  case  with  the  circle.  As  to  elegance, 
we  know  that  regularity  is  a  qualification  tliat  suits  every 
taste ;  and  here  the  circle  cannot  be  outvied.  It  is  not,  how- 
ever, without  its  disadvantages  ;  for  with  regard  to  expediency, 
the  semicircular  arch  is  sometimes  too  high  for  the  situation  of 
some  bridges.  In  this  case,  the  elliptic  arch,  formed  upon  the 
greater  axis,  oilers  itself,  in  point  of  expediency,  and  yields 
not  in  point  of  elegance.  We  are  bold  enough  to  assert,  that  if 
strength  of  materials  forms  its  composition,  and  be  properly 
abutted,  it  will  not  yield,  in  point  of  strength,  in  any  exigence 
to  which  it  may  be  applied.  In  point  of  economy,  it  claims  a 
prefeience  to  the  semicircular  arch. 

For  our  part,  we  are  inclined  to  own  the  reasonableness  of 
its  claim,  and  to  give  it  the  preference  to  the  segment  of  a 
circle,  which  might  perhaps  be  preferred  in  point  of  expedi- 
ency, as  it  can  be  rendered  as  fiat  as  the  ellipse  ;  but  its  flat- 
ness we  rather  consider  as  a  disadvantage,  as  in  the  rise  of  the 
water  it  is  apt  to  choke  its  course,  and  overturn  it;  whereas, 
the  ellipse  being  nearly  formed  of  two  segments  of  circles  of 
different  radii,  the  smaller  arches  at  its  extremity  raise  more  in 
the  perpendicular,  and  give  more  scope  to  the  current  of  the 
water;  and  likewise,  it  does  not  recpiirc  a  stronger  pier  than  a 
semicircle  of  the  same  diameter.  The  segment,  on  the  other 
hand,  if  flat,  requires  a  stronger  pier,  and  therefore  tends  more 
to  choke  the  current  of  the  river,  which  ought  always  to  be 
avoided  when  it  can  be  done. 

In  the  catenarian  arch,  when  a  chain  or  rope  is  fixed  at  each 
end,  and  allowed  to  fall  down  in  the  middle,  the  curvature  is 
not  equal  throughout  ;  and  we  therefore  cannot  think  it  entitled 
to  equal  claim  with  the  circle  or  ellipse.  The  same  objection 
may,  with  equal  propriety,  be  made  to  the  parabola.  This 
curve,  near  its  vertex,  has  almost  the  property  of  a  circle;  but 
every  one  who  knows  a  parabola,  is  convinced  how  much  it 
deviates  from  it  af't(-rvvards,  although  every  where  it  retains 
the  property  of  its  ow  n  curve. 
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We  now  take  a  review  of  the  difierent  bridges  we  have  men- 
tioned, and  make  some  observalions  upon  them.  In  general, 
we  remark,  that  all  the  writers  upon  this  art  have  formed  tlie 
abutments  of  each  particular  arch,  to  be  placed  in  the  pier 
below  the  spring  of  the  arch  ;  on  which  account,  many  have 
constructed  their  piers  of  greater  strength  than  necessary  ;  as 
in  that  by  the  Roman  emperor  Trajan,  over  the  Danube  ;  but 
being  broken  down  by  his  successor,  to  impede  the  passage  of 
bis  invaders,  wc  cannot,  with  certainty,  compute  the  lateral 
pressure  upon  tlie  piers. 

According  to  the  rules  given  by  Belidor,  the  breadth  of  the 
pier  that  will  form  an  abutment  to  an  arch  of  75  feet  span,  is 
14  feet,  if  the  height  at  the  head  of  the  columns  be  6  feet.  We 
have  formerly  stated,  that  this  arch  can  be  raised  to  c,  as  in 
the  following  figure,  without  applying  the  centre  arch.     From 


the  centre  of  this  archstone  we  raised  a  perpendicular  fig,  and 
from  the  lower  part  of  the  archstone  drew  the  line  fh  parallel 
to  it:  this  line,//),  we   supposed   to  cut  the  centre  of  the  pier 
in  h.     Suppose  Belidor  allowed  a  part  of  the  pier  equal  to 
the  length  of  the  archstone,  which  we  have  in  this  figure  taken 
at  3  feet,  one-twenty-fourth   of  the  opening  nearly,  viz.  It  b, 
A  h,  would   be  allowed  for  the  perpendicular  support  of  the 
archstones  toe.     We  find  /i  ,7  measures  five  and  a  half  feet,  we 
therefore  extend  /< //  to  I,  which  is  U  feet,  and  Al  i4  feet,  for 
the  breadth  of  the  piers.     In  place  of  taking  the  whole  width  of 
the  bridge,  wc   take  oidy  .3  feet,  as  formerly.     The  number  of 
equal  divisions  from  c  to  the  vertex,  or  middle  of  the  keystone, 
is  20J  ;  each  of  the  equal  divisions  at  these  breadths  eoulains 
I7'l  solid  feet ;  as  by  our  former  measure,  which  multiplied  by 
20},  is  350-65  solid  feet.      The  pier,   14  feet   broad   hy   0  in 
height,  and  3  feet  deep,  is  252  solid  feet :  the  solid  building, 
cfhm,  being  supported  in  the  perpendicular,   he  considers  as 
a  part  of  his  abutment,  of  whicli  fb  measures  26  feet,  by  c/'3, 
and  by  3  in  depth,  is  234  +  'Ib'i  =z  4S6  solid  feet,  to  counter- 
poise 350-55  solid  feet,  which  is   amply   sullicicnt.     Suppose 
that  the  pier  is  13  feet,  at  the  above  height  it  contains  234  feet, 
-)-  2.34  as  before,  1=  4C8  feet,  which,  to  account  for  accidents, 
and  from  his  practice  and  observation,  gives  the  dimensions  of 
the  table  ride,  which,  we  suppose,  is  now  fully  accounted  for. 
If  the  height  of  the  pier  is  more  than  6  feet,  we  add  to  the 
breadth  of  bis  pier  in  proportion.     When  the  span  is  above 
80  feet,  one-sixth  of  the  opening  is  suHieient  in  strength  to 
resist  every  exigence  ;  but  if  the  arch  is  a  segment,  the  same 
rule  gives  the  breadth  of  the   pier  rather  more  than  14  feet. 
Belidor  confines  his   rule    to  the  semicircular    arches.      We 
have  already  mentioned  wliat  wc  think  a  proper  limitation  to 
his  rule  for  taking  the  •24lh  part  of  the  arch  for  the  length  of 
his  archstone. 

London  Old  Bridge,  executed  in  stone,  under  the  direction 
of  Peter  Colechurch,  a  priest;  was  thirty-three  years  in  building, 
being  begun  by  Henry  II.  in  1170,  and  finished  by  John  in 
1209.  Tlui  piers,  eighteen  in  number,  are  from  25  to  34  feet 
thick.  Peter  turned  the  course  of  the  Thames  through  South- 
-wark,  while  he  executed  an  undertaking  that  choked  up  the 
course  of  the  river,  from  iJOO  to  194  feet ;  but  as  this  objection 
IS  about  to  be  removed,  we  need  say  no  more  about  it. 

Westminster  Bridge,  au  elegant  and  noble  fabric, has  its  pier 
only  8  feet  from  the  bed  of  the  river.  The  thickness,  for  a  sulh- 
cient  counterpoise  to  the  arch,  could   not  exceed  14  feel ;  but 


lately,  the  architect  has  given  it  17.  The  arches  are  .semicircu- 
lar, the  middle  one  being  70  feet  span;  the  ascent  one-twen- 
tieth part  of  the  half-width  of  the  river,  which  is  here  1223 
feet,  one  half  is  62ri5,  and  the  rise  is  30J  feet  in  that  extent. 

Tlie  next  we  notice,  is  Blackfriar's,  as  in  the  following  figure, 
executed  by  Mjlne,  whose  ingenuity  and  ability  as  an  engi- 
neer are  universally  acknowledged.  The  middle  arch  is  an 
elliptic  span  of  100  feet,  by  which,  with  other  advantages,  the 
passage  is  rendered  more  commodious  ;  the  ascent  more  easy 
than  on  Westminster  Bridge.  The  quickness  of  the  rise  of  the 
arches  of  the  small  circles,  with  the  flatness  of  the  large  circle, 
are  particularly  well  adapted  to  give  a  more  easy  passage  to 


the  river,  when  rising  either  from  a  tide  or  other  accidental 
causes,  and  renders  the  choice  of  the  elliptic  arch  here  very  judi- 
cious. We  are  likewise  much  pleased  with  the  ingenuity  of 
the  inverted  arch,  which  elfectually  prevents  any  rising  of 
the  ruble  work  that  fills  the  interstices  between  the  arches  by 
any  pressure  whatever;  as  it  abuts  upon  the  archstones  at  E, 
it  presses  their  joints  upon  one  another,  in  a  more  effectual  man- 
ner than  perhaps  could  be  accomplished  by  any  other  method ; 
but  the  effect  produced  by  it,  and  in  which  we  think  iti!  excel- 
lency mostly  consists,  is,  that  it  makes  the  arches,  at  that  point 
w.here  they  produce  the  greatest  lateral  pressure,  to  abut  upon 
one  another,  and  thus  take  off  the  lateral  pressure  from  the 
pier.  Had  Mylne  availed  himself  of  this,  his  pier  would  have 
been  at  least  one  half  thinner.  But  in  place  of  this,  he  has 
made  it  at  the  extremity  of  the  greater  axis,  An,  BA,  19  feet, 
and  increased  it  in  a  circular  form  to  22  feet.  Kxperience  has 
proved,  that  when  the  resisting  force  is  placed  in  the  pier,  one- 
fifth  of  the  opening  is  more  than  sufficieut  for  supporting  this 
resisting  force  ;  therefore  the  course  of  the  river  should  not 
have  been  contracted  from  100  to  70  feet. 

The  depth  of  the  water,  at  ordinary  tides,  is  not  less  than  16 
feet;  and  by  the  principles  of  hydrostatics,  the  (iressing  force 
of  a  solid  foot  of  water,  at  that  depth,  is  equal  to  8600  lbs. 
which  X  30,  the  number  of  feet  contracted,  gives  n3*8  tons  upon 
the  foundation  of  his  pier,  far  more  than  was  necessary;  but 
this  does  not  at  all  derogate  from  the  method. 

In  our  drawing  of  the  middle  arch,  and  part  of  the  adjoin- 
ing arches,  A  B  is  the  length  of  the  greater  axis  of  the  ellipse, 
and  span  of  the  arch  100  feet ;/,/,  the  centres  of  the  lesser  cir- 
cles ;  1)  D,  the  inverted  arches  abutting  upon  the  archstones 
E  E  ;  V,  the  vertex  or  crown  of  the  arch  ;  F  F,  the  thickness  of 
the  pier  at  the  bed  of  the  river;  A  «,  Mb,  the  thickness  of  the 
pier  at  the  extremity  of  the  greater  axis.  We  have  put  on  the 
lioltiiig  in  one  of  the  arches,  one  with  the  Kentish  rag-stone  ; 
the  bolts  about  a  cubical  foot,  sunk  half  way  into  each  stone  ; 
the  stones  in  the  pier  are  bolted  with  firm  oak,  of  a  solid  foot, 
dove-tailed  into  each  stone,  which  renders  the  whole  pier  firm 
as  if  one  stone. 

What  has  been  said  on  the  breadth  of  piers,  renders  any 
observations  on  the  bridge  over  the  Trent  at  Burton,  or  the 
single  arch  over  thcTave,  in  Glamorganshire,  unnecessary  ;  the 
abutments  of  the  last  being  on  land,  the  method  of  obtaining 
their  strength  will  be  pointed  out  when  we  speak  of  the  abut- 
ments of  iron  bridges,  of  which  there  are  now  several  in 
England. 

The  first  was  that  erected  over  the  Severn,  near  Coalbrook- 
dale,  in  Shropshire,  by  Abraham  Parley;  the  iron  work  was 
cast  at  Coalbrookdale  in  1779,  and  consists  of  one  arch  of  100 
feet  6  inches  span.  It  rises  to  the  height  of  45  feel,  and  con- 
sists of  ribs,  each  cast  in  two  pieces,  secured  at  the  crown  by 
a  east  iron  key  plate,  and  connected  horizontally  and  vertically 
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by  cast  iron  braces  formed  with  dove-tails  and  forelocks  ;  the 
ribs  are  covered  with  cast  iron  plates  ;  tlie  railing  is  of  iron  : 
the  weight  of  the  whole  is  387 J  tons.  The  ironwork  was  exe- 
cuted by  Messrs.  Wilkinson  and  Darley,  ironmasters;  for  which 
they  have  jtreat  credit,  being  (he  first  instance  of  that  material 
applied  in  the  bridge  way.  In  1801  it  appeared  as  perfect  as 
w  hen  put  up,  except  what  was  owing  to  the  failure  in  the  stone 
abutments,  which  had  occasioned  some  cracks  in  some  of  the 
small  pieces. 

The  second  bridge  of  this  kind,  built  over  the  same  river  at 
Builtwas,  at  the  expense  of  the  county  of  Salop,  was  agreeably 
to  a  plan  under  the  direction  of  Mr.  Telford,  surveyor  of  the 
public  works  in  that  county  :  the  iron  work  was  cast  at  Coal- 
brookdale  in  1705  and  179().  It  consists  of  au  arch  of  1.30  feet 
span ;  the  rise  of  the  arch  is  27  feet  from  the  spring  to  the 
sullit.  The  situation  of  the  road  here  is  necessary  to  be  kept 
low;  and  the  outside  ribs  rise  as  high  as  the  tops  of  the  rail- 
ing, and  are  connected  with  the  ribs  that  bear  the  coTcring 
plates,  by  bars  of  iron  cast  with  deep  stanches  close  to  each 
other,  and  forming  an  arch  of  themselves  ;  so  that  the  bridge  is 
made,  upon  the  whole,  compact  and  firm:  the  weight  of  the 
whole  is  173  tons  ISJ  cwt.  Some  smaller  arches,  and  an  aque- 
duct at  Longdon,  have  been  made  under  Mr.  Telford's  direc- 
tion in  the  same  county. 

The  next,  upon  a  large  scale,  and  made  of  iron,  is  that  over 
the  river  Wear,  at  Mouk-Wearmouth,  in  the  county  of  Dur- 
ham. This  bridge,  as  represented  in  the  following  figure,  is  the 
segment  of  a  circle,  whose  radius  is  443  or  444  feet;  the  span 
of  the  arch,  or  length  of  the  bridge,  is  236  feet ;  the  height  of 
its  vertex  above  the  spring  of  the  arch  is  34  feet ;  and  height 
above  the  surface  of  the  water  60  feet;  so  that  vessels  of  con- 
siderable burden  may  pass  below  it  without  interruption.  The 
width  of  the  bridge,  or  breadth  of  the  roadway,  is  33  feet :  it  is 


Seettoi  of  the  Bridge. 


Frame  of  one  of  the  Ribs. 


formed  of  six  ribs,  placea  above  five  feet  distant  from  one 
another ;  each  rib  consists  of  125  blocks  of  cast  iron,  live  feet 
in  height,  and  two  feet  broad  at  the  middle.  The  lines  draw  n 
from  this  to  the  centre  of  the  curvature,  determine  the  length  of 
the  block  above  and  below;  and  a  circle  described  with  the 
radius  of  curvature,  gives  the  convexity  of  the  upper  part  of 
the  block,  and  the  concavity  in  the  lower,  agreeable  to  the 
curvature  of  the  whole  arch  of  the  bridge. 

In  each  of  the  three  longitudiuary  parts  of  the  block,  there  is 
a  square  groove  one  inch  deep,  into  which  is  fitted  a  bar  of 
wrought  iron  of  the  same  dimension  with  the  groove  ;  and  by 


this  means  the  blocks  are  joined  together  to  form  the  ribs 
These  ribs  are  connected  laterally  by  a  hollow  bar  of  cast  iron, 
about  4  inches  diameter,  and  5  feet  long,  with  flanches  through 
which  iron  bolts  are  made  to  pass  it,  and  the  sides  of  the  ribs 
fixed  with  screws  or  forelocks  ;  two  of  the  blocks  are  joined 
by  the  bars  of  wrought  iron,  and  connected  with  a  bar  of  another 
rib,  by  the  iron  hollow  bar.  All  the  ribs  joined  together,  and 
connected  in  the  same  manner,  to  complete  the  arch  of  the 
bridge.  To  support  the  beams  that  form  the  roadway,  circular 
pieces  are  formed  of  cast  iron,  to  abut  upon  one  another  at 
their  horizontal  diameter,  tlie  beams  that  form  the  roadway 
resting  upon  the  circular  pieces  at  the  vertical  diameter,  which 
gives  a  firmness  to  these  supports,  that  no  weight  coming  upon 
the  bridge  can  injure.  The  beams  or  planks  are  then  covered 
with  plates  of  iron,  and  such  materials  as  are  best  adapted  to 
form  the  road,  and  prevent  water  passing  through  to  injure  the 
bridge. 

We  have  only  to  add,  that  this  bridge  was  constructed  under 
the  direction,  and  chiefly  at  the  expense,  of  Rowland  Burdon, 
Esq.  then  M.  P.  for  the  county.  It  was  cast  at  the  foundry  of 
Messrs.  Walker,  of  Rotherham,  in  Yorkshire,  and  does  honour 
to  the  projector  and  ironmasters.  It  is  nearly  double  the  span 
of  that  at  Builtwas,  and  more  than  double  the  middle  arch  of 
Blackfriar's  Bridge. 

Our  only  doubt  of  the  durability  of  iron  bridges  is,  that  the 
water,  being  blown  in  by  storms,  rests  on  the  flats  of  the  iron, 
and  tends  to  corrode  it,  and  w  aste  its  parts.  The  union  of 
cast  and  wrought  iron  certainly  produces  a  larger  quantity  of 
oxide  or  rust,  than  if  all  is  cast,  or  all  wrought  iron.  Perhaps, 
if  between  these  thin  plates  of  lead  were  placed,  the  two 
pieces  might  have  their  joints  closed,  by  abutting  upon  the  lead, 
and  the  same  precaution  being  taken  with  the  wrought  iron, 
where  inserted  into  the  grooves  of  the  cast  metal,  the  water 
would  be  prevented  from  entering,  or  settling  in  the  interstice. 

Bangor  Ferry  Iron  Hanging  Bridge.  (See  Plate,  fig.  1.)— 
The  iron  hanging  bridge,  constructed  over  the  Menai  Strait,  by 
Mr.  Telford,  consists  of  one  opening  of  560  feet  between  the 
points  of  suspension,  and  100  feet  in  height  between  the  high- 
water  line  and  the  lower  side  of  the  roadway;  and  the  road- 
way being  horizontal,  this  height  is  uninterrupted  for  the  whole 
660  feet,  except  where  the  natural  rock,  which  forms  the  west- 
ern abutment,  now  interposes.  But  in  addition  to  these  560 
feet,  there  are  four  arches  on  the  western  and  three  on  the 
eastern  side  of  the  main  opening,  each  fifty  feet  span,  making 
in  all  850  feet,  as  id  the  plate,  fig.  2. 

In  regard  to  the  navigation,  it  is  preferable  to  any  bridge 
of  an  arched  form,  because  the  latter  aff"ords  the  full  height  of 
100  feet  only  in  the  middle  ;  whereas  the  former  affords  the 
same  full  height  for  the  whole  of  500  feet,  which  is  a  consider- 
able advantage  to  vessels  passing  the  Menai  Strait,  as  it  allows 
them  to  stand  closer  to  either  shore  while  passing  under  the 
bridge.  In  regard  to  economy,  this  bridge,  on  the  principle  of 
suspension,  has  equally  the  advantage,  the  estimated  expense 
not  being  more  than  £70,000:  whereas  the  cheapest  of  the 
arched  form,  made  of  cost  iron,  would  have  cast  nearly  double 
that  sum. 

The  roadway  (Plate,  fig.  3,)  consists  of  two  carriageways, 
each  12  feet  in  breadth,  with  a  footpath  of  4  feet  between  them, 
so  that  the  platform  will  be  about  30  feet  in  breadth.  The 
whole  is  to  be  suspended  from  four  lines  of  strong  iron  cables 
by  perpendicular  iron  rods,  placed  5  ffet  apart,  and  these  rods 
will  support  the  roadway  framing.  The  suspending  pow  er  is  cal- 
culated at  2016  tons,  and  the  weight  to  he  suspended,  exclusive 
of  the  cables,  is  342  tons,  leaving  a  disposable  power  of  1674 
tons.  The  four  sides  of  the  roadways,  made  of  framed  iron- 
work, are  (irmly  bound  together  for  7  feet  in  height,  and  there 
w  111  be  similar  work,  for  5  feet  in  depth  below  the  cables.  The 
weight  of  the  whole  bridge,  between  the  points  of  suspension, 
is  489  tons. 

It  is  calculated  that  the  contraction  and  expansion  of  the 
iron  cables  may  occasion  a  rise  or  fall  to  the  extent  of  four  or 
five  inches  ;  but  the  variations  of  the  temperature  of  the 
atmosphere  will  not  derange  the  bridge. 

The  two  piers  are  60  feet  by  42  and  a  half  wide,  at  high- 
water  mark,  having  a  foundation  of  rock.  These  piers,  con- 
nected w ith  the  whole  of  the  masonry,  form  a  mass  constructed 
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with  blocks  of  hard  limestone,  of  much  greater  weight  than  is 
necessary  for  suppcrlino:  a  bridge  of  this  kind.  Upon  the 
summit  of  the  two  main  piers  is  erected  a  frame  of  cast  iron,  of 
a  pyramidal  form,  lur  llie  purpose  of  raising  tlie  cables  from 
which  the  bridge  is  suspended.  As  the  cables  are  carried  from 
the  top  of  the  pyramids,  so  as  to  form  nearly  similar  angles  on 
each  side,  the  pressure  is  almost  perpendicular. 

Along  each  line  there  are  four  cables,  making  in  the  whole 
sixteen  ;  these  cables  pass  over  rollers  fixed  on  the  summits  of 
the  pyramids,  and  are  fastened  at  their  extremities  to  an  iron 
frame,  lying  horizontally  over  the  top  of  the  small  arches,  and 
under  a  mass  of  ma.sonry. 

From  these  cables  the  roadway  is  suspended  by  vertical  iron 
rods,  connected  at  their  lower  extremities  with  wrought-iron 
bars,  both  transversely  and  longitudinally,  thus  forming  a  frame 
on  which  timber  is  laid  for  the  roadway.  The  distance  of  five 
feet  is  kept  between  the  rods,  that  the  suspending  power  may 
be  equally  distributed  throughout  the  whole  length  of  the 
bridge.  The  suspending  rods  pass  between  the  cables,  and 
depend  upon  each  two  of  them,  so  that  the  general  strength  of 
the  bridge  could  not  materially  be  allected  by  taking  one  way. 
The  cables  and  the  llooring,  as  well  as  the  suspending  rods,  are 
constructed  and  united  in  sucli  a  manner,  that  each  of  the  parts 
may  be  taken  out  and  replaced  separately;  so  that  there  can 
be  no  diniculty  in  repairing  any  part  of  the  bridge,  whenever 
required.  A  temporary  wire-bridge  was  made  fiom  one  abut- 
ment to  the  other,  to  carry  over  tlie  cables,  and  arrange  the 
several  parts  of  the  bridge,  while  building. 

The  weight  of  each  separate  cable  between  the  points  of 
suspension  is  estimated  at  nine  tons  and  three-quarters,  or  H7 
pounds  per  yard.  The  weight  of  a  drove  of  oxen  is  calculated 
at  about  300  tons,  supposing  them  to  amount  to  200  head,  all 
closely  huddled  together  ;  and  the  estimated  weight  necessary 
to  tear  the  cables  asunder  is  upwards  of  2000  tons,  which  is 
about  four  times  the  weight  of  the  entire  bridge.  The  passing 
of  a  mail-coach  over  the  bridge  produces  no  undulation,  or  sen- 
sible perpendicular  vibration ;  nor  is  any  lateral  vibration 
apprehended  from  the  most  violent  gale  of  wind,  by  reason  of 
tlie  proportion  that  the  breadth  of  the  bridge  bears  as  a  frame 
to  its  extreme  length.  The  bars,  as  well  as  the  segments,  are 
each  joined  longitudinally  to  the  whole  of  the  required  length, 
and  secured  by  bucklirigs  every  five  feet,  and  then  enveloped 
in  flannel,  well  saturated  with  a  composition  of  rosin  and  bees- 
wax, to  preserve  them  from  the  weather,  and  the  whole  are 
encircled  with  iron  wire. —  All  these  details  will  be  clearly 
understood  by  reference  to  the  engraving  that  exhibits  the 
passage  upon  the  bridge. 

The,  Strand  or  Walerlon  Bridge.  (See  Plate,  Bridyes.) — This 
bridge,  which  is  now  called  "  Waterloo  Bridge,"  but  which  was, 
till  within  some  few  months  of  its  completion,  styled  "  the 
Strand  Bridge,"  is  a  noble  ornament  of  the  metropolis.  The 
view  of  the  Surrey  hills,  and  the  fine  expanse  of  country  that  it 
opens  from  the  Strand,  is  both  delightful  and  surprising;  and 
the  ellect  is  not  a  little  increased  by  the  continuity  of  houses 
that  every  where  afi'ects  the  passenger's  eye,  in  passing  along 
the  Strand,  till  he  comes  to  the  grand  entrance,  leading  to 
Waterloo  Bridge.  For  upwards  of  a  century,  a  bridge  at  this 
particular  part  of  the  river  had  been  fre(|uently  suggested;  but 
all  the  merit  of  the  scheme,  and  the  inlluence  of  the  Bedford 
family,  whose  property  would  be  so  much  improved  by  the 
adoption  of  the  plan,  did  not  enable  it  to  resist  opposition  from 
the  city  of  London,  &c.  in  former  periods.  It  remained  for 
George  Dodd,  an  enterprising  and  young  civil  engineer,  after 
three  years'  unprecedented  turmoil,  to  get  an  act  of  parliament 
for  a  bridge  at  this  station;  and  this  was  not  done  till  subscrip- 
tions to  the  amount  of  £500,000  had  been  raised.  This  was  in 
180(>.  Mr.  Dodd  succeeded  in  removing  the  impracticabilities, 
which  had  before  prevented  the  scheme  of  building  a  bridge 
across  this  portion  of  the  river  from  being  carried  into  cflect; 
and  he  gave  the  present  plan  and  dimensions  of  the  bridge. 

Some  time  after  the  act  had  been  obtained,  and  the  com- 
mencement of  the  building,  Mr.  Dodd  disagreed  with  the  com- 
pany, and  separated  from  lliem,  and  the  late  Mr.  Rennie  fol- 
lowed ;  and  he  had  the  honour  of  finishing  this  noble  bridge, 
which  is  dillerent  from  all  the  other  bridges.  All  its  arches, 
which  arc  elliptical,  arc  of  an  equal  size ;  and  the  road  across 
15. 


the  bridge  is  thus  made  a  level  road.  The  style  of  its  archi- 
tecture is  plain;  the  cflect  noble,  from  its  simple  grandeur  ; 
and  the  materials  arc  of  the  most  durable  kind,  namely,  of 
granite.  It  was  built  with  amazing  rapidity,  and  the  ceremony 
of  opening  it  took  place  June  18,  lbl7,  the  anniversary  of  the 
battle  of  Waterloo.  The  ceremony  was  of  a  splendid  character, 
the  Prince  Regent  and  the  Duke  of  Wellington  being  present 
on  the  occasion. 

The  following  are  the  dimensions  of  the  bridge: — 

The  length  of  the  stone  bridge  within  the  abutments,  1242 /<. 
Length  of  the  road  supported  on  brick  arches  on 

the  Surrey  side  of  the  river, 1250 

Length  of  the  road  supported  on  brick  arches  on  the 

London  side, 400 

Total  length  from  the  Strand,  where  the  building 

begins,  to  the  spot  in  Lambeth,  where  it  falls  to 

the  level  of  the  road 2890 

Width  of  the  bridge  within  the  balustrades, 42 

Width  of  the  pavement  or  footway  on  each  side,  . .         7 

Width  of  road  for  horses  and  carriages, 28 

Span  of  each  arch 120 

Tliickncss  of  each  pier 20 

Clear  waterway  under  the  nine  arches,  which  are 

equal, 1080 

Number  of  brick  arches  on  the  Surrey  side, 40 

The  whole  of  the  outside  courses  of  the  bridge  is  Cornish 
granite,  except  the  balustrades,  which  are  of  Aberdeen  granite  ; 
and  the  stones,  like  those  of  the  Temple  of  Solomon,  were  cut 
to  their  respective  forms  at  the  quarries,  before  they  were 
brought  to  London. 

There  are  320  piles  driven  into  the  bed  of  the  river  under 
each  pier.  The  length  of  each  pile  is  from  19  to  22  feet,  and  the 
diameter  about  13  inches.  There  is  one  pile  to  every  yard 
square. 

The  scientific  manner  in  which  the  centres  were  constructed 
was  admirable  ;  and  as  all  the  arches  are  of  the  same  size,  the 
centres  were  removeil  from  those  that  were  finished,  and  placed 
on  the  piers  where  the  arches  were  not  yet  thrown  :  this  was 
an  operation  that  recjuired  great  skill  and  care,  and  was  very 
ably  executed. 

When  the  centres  were  removed,  so  solidly  and  well  was  the 
masonry  constructed,  that  in  the  niiddU;  they  only  sunk  about 
one  inch.  Those  of  the  Pont  de  Neuilly,  in  France,  six  miles 
from  Paris,  which  are  nearly  similar,  sunk  about  18  inches  in 
the  middle,  after  the  centres  were  taken  away.  The  scientific 
principle  on  which  the  centres  were  constructed,  which  did 
great  credit  to  Mr.  Kcnnic  the  engineer,  was  that  of  the  loni/i- 
tiiditial  inromiircssihiliti/ of  timber.  The  strongest  and  largest 
beams  of  wood  bend  and  yield  when  pressed  upon  laterally; 
and  by  that  means  the  form  of  a  centre,  constructed  in  the 
usual  manner,  is  dillerent  when  loaded,  from  what  it  is  when 
not  loaded;  but  as  no  weight  that  men  are  acquainted  with, 
when  acting  gradually,  will  shorten  the  length  of  a  bean),  it  was 
so  contrived  that  the  pressure  acted  alwajs  longitudinally  or 
lengthwise,  and  not  laterally  or  sidcwise  ;  so  that  those  centres 
remained  in  form  unchangeable,  as  much  as  if  they  had  only 
one  solid  mass  of  matter,  the  two  extreme  points  resting  on  the 
firm  and  well-constructed  piers. 

In  circular  arches,  such  as  those  of  Westminster,  or  other 
bridges,  the  pressure  on  the  centres,  before  the  keystones  are 
put  ill  their  place,  is  not  near  so  good  as  in  elliptical  arches,  like 
those  of  Waterloo. 

The  four  toll-lodges  are  neat  appropriate  Doric  strnctures. 
There  is  a  clever  contrivance  at  each  lodge,  for  the  purpose  of 
checking.  The  kind  of  iron  turnstiles,  which  admit  of  only  one 
person  passing  at  a  time,  touch  some  machinery  which  com- 
nuinicates  with  a  clock,  locked  up  in  a  box  in  each  toll-house, 
the  index  of  which  is  thereby  moved,  so  that  on  looking  at  it, 
the  number  of  those  who  have  passed  is  directly  seen. 

The  bridge  was  only  six  years  in  building.  It  is  exactly  on 
a  level  with  the  Strand,  where  it  joins,  and  is  50  feet  above  the 
surface  of  the  water  of  the  river  Thames. 

The  first  stoiu'  of  the  bridge  was  laid  on  Friday,  the  llth 
of  October,  isil,  by  Mr.  Henry  Swann;  a  bottle  containing 
coins  of  his  late  Majesty's  reign,  was  deposited  in  the  first 
2.M 
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slone,  over  which  a  plate  with  tlie  following  ioscription  was 
laid  :— 

"  This  foundation  of  the  Strand  Bridg;e  was  laid  on  the  1 1th 
day  of  October,  A.  D.  1811,  by  the  Directors  for  executing  the 
same,  Henry  Swann,  Esq.  M.P.  chairman,  in  the  51st  year  of 
the  reign  of  King  George  the  Third,  a:.d  during  the  regency  of 
his  K.  H.  George  Prince  of  Wales.  The  money  for  building 
which  was  raised  by  subscription,  under  the  authority  of  an 
Act  of  Parliament.  Engineer,  John  Renme,  F.  R.  S." 

VanxhaU  Bridge.  (See  Plate,  Bridges.)— This  bridge  was 
originally  projected  by  Ralph  Dodd,  the  father  of  the  engineer 
above  alluded  to  ;  but  with  the  actual  building  of  this  bridge, 
Ralph  Dodd  had  little  or  nothing  to  do.  See  Leigh's  Picture  of 
London. 

Some  subscriptions  were  received,  and  the  bnilding  of  a 
bridge  on  the  present  site  of  Vauxhall  bridge  was  determined 
on  ;  but  in  the  co-operation  of  this,  Mr.  Dodd  was,  on  account 
of  some  disagreements,  dispensed  with.  Mr.  Rennie.  the 
Waterloo-bridge  engineer,  followed.  An  immense  quantity  of 
good  stone  was  brought;  laborious  efforts  were  made  to  build 
the  piers,  &c. ;  but  thousands  of  pounds  were  expended  to  no 
purpose.  The  completion  of  the  bridge  was  interrupted  till 
Mr.  Walker  was  engaged;  and  the  result  was,  the  building  of 
the  present  elegant  iron  bridge.  The  whole  expense  of  build- 
ing was  within  £150,000:  and  much  more  is  said  to  have  been 
previously  expended  in  vain. 

The  first  stone  of  this  bridge  was  laid  in  the  year  1813,  by 
Prince  Charles,  the  eldest  son  of  the  late  Duke  of  Brunswick; 
and  the  present  beautiful  erection  was  completed  iu  181C.  It 
consists  of  nine  cast-iron  arches,  with  piers  formed  by  a  wooden 
frame  as  a  foundation,  faced  with  Kentish  rag-stone  and  Roman 
cement. 

Southwark  Bridrje.  (See  Plate,  Bridges.)— The  plan  of  this 
bridge  was  originally  proposed  and  brought  forward  by  Mr. 
John  Wyat,  with  the  view  of  forming  a  communication  between 
Bankside,  Southwark,  and  the  bottom  of  Queen-street,  Cheap, 
side.  The  celebrated  Rennie  has  the  merit  of  the  design.  It 
consists  of  three  arches  only,  of  cast  iron,  from  the  foundry  of 
Messrs.  Joshua  Walker  and  Co.  of  Rotherhain,  in  Yorkshire,  on 
massy  stone  piers  and  abutments. 

This  is  a  most  stupendous  iron  bridge;  and,  so  far  as 
respects  its  centre  arch,  is  of  greater  span  than  any  other  in  tlie 
world.  It  was  opened  in  .\pril,  1819.  Doubts  having  existed 
with  the  unscientific  part  of  the  public,  as  to  the  practicability 
of  this  Herculean  structure,  whether  it  could,  in  its  colossal 
strides,  span  the  frontiers  of  old  father  Thames,  the  following 
curious  and  interesting  particulars  cannot  fail  to  be  accept- 
able. 

This  work  was  begun  on  the  23d  September,  1814,  under  the 
direction  of  Mr.  Rennie  as  engineer,  and  Mr.  Weston,  sub- 
engineer.  Messrs.  Jolliffe  and  Banks  were  the  contractors  at 
a  lump  or  specihc  sum,  and,  what  is  rather  a  novelty  in  public 
works  of  this  vast  magnitude,  it  was  completed  within  the 
contract  price.  The  estimated  expense  of  the  bridge  amounted 
to  £287.000. 

The  distance  between  the  abutments  is  708  feet.  The  extent 
of  each  abutment  enclosed,  including  the  land  arch  and  invert 
arch,  is  71  feet,  formed  of  solid  masonry  ;  all  the  springing 
stones  of  which  weigh  13  tons  each,  and  are  of  granite,  similar 
to  the  other  parts  of  the  bridge  stone  work.  There  arc  two 
piers.  61)  feet  lugh  each  from  the  bed  of  the  river  to  the  top  of 
the  parapet,  and  24  feet  in  breadth  between  high  and  low 
water  marks,  and  75  feet  long  between  acme  and  acme  of  the 
salient  angles.     The  foundations  of  the  piers  are  each  about 


12  feet  below  the  bed  or  bottom  of  the  river,  and  rest  on  a 
platform  of  2}  feet  thick  of  solidly  compacted  timber  ;  and  these 
platforms  each  further  repose  on  about  420  piles,  most  of  which 
are  driven  24  feet  into  the  earth,  making  the  depth  of  the 
earth,  from  the  shoe  of  the  piles  to  the  parapet  top  of  the  piers, 
98  feet.  There  are  three  arches  of  iron  ;  the  two  side  ones  are 
210  feet  each  in  span,  and  the  centre  arch  is  240  feet  in  span, 
with  43  feet  clear  opening  above  low-water  mark,  medium 
tides.  Thus  it  exceeds  the  admired  bridge  of  Sunderland  by 
4  feet  in  the  span,  and  the  long-famed  RIalto  at  Venice,  by 
167  feet.  Many  of  the  iron  single  or  solid  castings  weigh  10 
tons  each:  and  the  total  weight  of  iron  exceeds  5308  tons. 

The  centerings  of  this  bridge  on  which  the  arches  were  formed 
or  turned,  were  of  such  a  novel  and  peculiar  construction,  that 
the  navigation  of  the  Thames  was  comparatively  unimpeded 
during  the  building  of  the  bridge.  The  entire  centering  of  one 
arch,  containing  480  loads  of  timber,  was  removed  into  two 
tides,  having  been  previously  and  gradually  sunk  by  loosening  of 
the  wedges;  unlike  the  Pont  Neuilly,  from  which  the  centerings 
were  all  struck  simultaneously,  or  rather  thrown  into  the  river 
Seine,  and  in  which  the  arches  settled  the  surprising  depth 
of  18  inches  almost  instantly.  It  was  calculated,  and  allowed, 
that  the  centre  arch  of  Southwark  bridge  would  settle  at  the 
vertex  two  inches,  yet  it  has  only  settled  or  sunk  IJ  inch  pre- 
cisely ;  thus  the  wide  expanse  is  within  one-eighth  ol  an  inch 
of  the  figure  and  form  it  w  as  originally  designed  to  assume. 

The  following  is  a  specification  of  the  lengths  of  the  several 
bridges  :  Feet. 

Waterloo  Bridge,  within  the  abutments,  1212 

Westminster  Bridge,  from  wharf  to  wharf,   1223 

Blackfriars'  Bridge, 940 

London  Bridge, 900 

Vauxhall  cast-iron  Bridge, 860 

Southwark  cast-iron  Bridge,  between  the  abutments,  708 
Kew  London  Bridge — -This  work  was  commenced  on  the 
6th  March,  1824,  under  the  diiectlon  of  Mr.  John  Rennie; 
second  son  of  the  late  celebrated  engineer  (whose  stupendous 
works  retlect  so  much  honour  on  himself  and  country,) 
assisted  by  Mr.  James  Hollinsworth  and  Mr.  Knight.  The 
bridge  is  to  consist  of  five  beautiful  semi-elliptical  arches,  the 
centre  one  of  which  will  be  150  feet  span,  the  adjoining  140 
feet,  and  the  land  arches  130  feet.  They  are  now  constructing 
of  the  most  durable  granite  from  Aberdeen,  Devonshire,  and 
Cornwall,  and  may  be  justly  considered  the  boldest  of  their 
kind  in  Europe. 

The  contractors  for  this  stupendous  undertaking  are  the  same 
who  have  carried  into  eHect  so  satisfactorily  the  other  two 
works  of  a  similar  nature,  viz.  W^aterloo  and  Southwark 
bridges.  (Messrs.  JollilVe  and  Banks.)  And  from  the  sound  and 
scientific  manner  in  which  the  work  under  remark  is  proceed- 
ing, there  is  every  reason  to  believe  that  they  will  speedily  com- 
plele  it  to  general  satisfaction.— Their  contract  for  the  new 
bridge,  and  some  alterations  in  widenins  the  water-way  of  the 
old  one, is  £506,000,  and  they  are  bound  down  In  heavy  sureties 
to  complete  it  in  March,  1830. 

Original  contract,   £426,000 

Additional  width 42,000 

Fourth,  sets  of  centres, . , 8,000 

Alteration,  of  the  old  bridge 30,000 

Total,    506.(HK) 

It  is  understood  that  the  removal  of  the  old  structure  will  be 
a  separate  contract. 
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BRIGGS,  Henry,  is  well  known  as  the  improver  of  Napier's 
logarithms.  This  great  man  was  born  at  Warley  Wood, 
Halifax,  Yorkshire,  in  155G,  and  died  at  Oxford  in  1G30.  He 
preferred  retirement  to  the  splendours  of  life,  and  humble 
probity  to  the  accumulation  of  vast  riches,  which  bis  abilities 
might  have  procured. 

BROKEN-BACKED,  the  slate  of  a  ship,  so  loosened  in  her 
frame,  either  by  age,  weakness,  or  some  great  strain,  as  to 
droop  at  each  end.  This  circumstance  is  more  common  among 
the  French  than  the  English  or  Dutch  ships,  owing  partly  to 
their  great  length,  and  to  the  sharpness  of  their  floor,  whose 
breadth  is  not  sufficiently  carried  from  the  middle  towards 
each  end,  and  partly  from  being  frequently  obliged  to  have  a 
great  weight  on  both  ends,  when  they  are  empty  in  the  middle, 
at  the  time  of  discharging  one  cargo  and  taking  in  another. 

BULK-HEADS,  partitions  built  up  in  several  parts  of  a 
ship,  to  form  and  separate  the  various  aparltiients ;  some  of 
which  are  particularly  strong.  Others  are  light,  and  removable 
at  pleasure,  to  clear  the  ship  for  action.  Tlie  bulk- head  alorc, 
is  the  partition  between  the  forecastle  and  the  gratings  in  the 
head,  and  in  which  are  the  chase  ports. 

BULL'S  EYE,  a  piece  of  wood  in  the  form  of  a  ring,  which 
answers  the  purpose  of  an  iron  tliimble  :  it  is  seldom  used  by 
the  Ejiglish  seamen,  and  then  only  for  the  main  and  fore  bow- 
line bridles. 

BUMBOAT,  a  small  boat,  employed  to  carry  vegetables, 
&c.  for  sale,  to  .ships  lying  at  a  distance  from  the  shore. 

BUMKlSf,  or  BooMKiN,  a  short  boom,  or  beam  of  timber, 
projecting  from  each  bow  of  a  ship,  to  extend  the  clue  or 
lower  corner  of  the  foresail  to  windward  :  for  which  purpose 
there  is  a  large  block  fixed  on  its  outer  end,  tlirough  wliich  the 
tack  is  passed,  which  being  drawn  tight  down,  the  tack  is  said 
to  be  aboard. 

BUNT-LINES,  ropes  fastened  to  cringles  on  the  bottoms  ot 
the  square  sails,  to  draw  them  up  to  their  yards:  they  are 
inserted  through  certain  blocks  above,  or  on  the  upper  part  of 
the  yard,  whence  passing  downwards  on  the  forepart  of  the 
sail,  they  are  fastened  below  to  the  lower  edge,  in  several 
places  of  the  bolt  rope. 

BiiNT-LiNR  CLorH,  the  lining  sewed  up  the  sail  in  the  direc- 
tion of  Ibe  l)unt-li;ic,  to  prevent  that  rope  from  chafing  the  sail. 

BUOY,  a  sort  of  close  cask,  or  block  of  wood,  fastened  by 
a  rope  to  the  anchor,  to  point  out  its  situation.  Buoys  are  of 
various  kinds,  as.  Can  Bmn/s,  which  are  in  the  form  of  a  cone. 
Of  this  kind  are  the  buoys  which  are  floated  over  sands,  &c.  as 
marks  for  ships  to  avoid  them  :  they  are  made  very  laige,  that 
they  may  be  seen  at  a  distance  ;  where  there  are  several  near 
each  other,  they  are  distinguished  by  the  colour,  as  black,  red, 
and  white.  Nun  Biioifs,  are  large  in  the  middle,  and  taper 
nearly  to  a  point  at  each  end.  Wuoden  Buoys,  are  solid  pieces 
of  light  timber,  having  one  or  two  holes  through  the  ends,  in 
which  is  fixed  a  ring  of  rope  called  the  strop. 

Cnlile  Buoys  are  common  casks,  employed  to  buoy  up  the 
cables  in  rocky  anchorage,  to  prevent  their  rubbing  against  the 
rocks.  In  the  harbour  of  Alexandria  in  Egypt,  every  ship  is 
moored  with  at  least  three  cables,  and  has  three  or  four  of  these 
buoys  on  each  cable  for  this  purpose. 

Life  Buoy  is  generally  of  the  Can  kind,  though  sometimes  it 
is  made  of  cork.  It  is  furnished  with  a  small  Hag  on  the  top, 
and  is  used  to  throw  overboard  for  a  person  who  lias  fallen 
into  the  sea  to  lay  hold  of;  while  the  fiag  serves  to  direct  a 
boat  to  the  spot,  and  thereby  frequently  saves  the  life  of  a 
fellow  creature. 

Buoy  Kope.  the  rope  which  fastens  the  buoy  to  the  anchor, 
and  should  be  always  of  sufficient  strength  to  draw  up  the 
anchor ;  it  should  also  be  little  more  in  length  than  equal  to 
the  dcptli  of  the  water  where  the  anchor  lies. 

BURNING,  the  action  of  fire  on  bodies,  whereby  the  minute 
parts  of  them  are  separated,  and  thrown  into  violent  motion, 
some  of  them  assuming  the  nature  of  fire  themselves,  fly  olf  in 
orbem,  while  the  rest  are  dissipated  in  form  of  vapour,  or 
reduced  to  ashes. 

BuiiNiNC  fjlnss,  a  convex  lens  which  transmits  the  rays  of 
light,  but  in  their  passage  refract  or  incline  them  towards  a 
common  point  in  the  axis  called  the  focus  ;  and  by  thus  com- 
bining together  in    a  single  point  the  power  of  all  the  rays 


transmitted  through  the  glass,  a  very  great  degree  of  heat  is 
accumulated  in  that  point,  which  will  fuse  bodies  that  are 
infusil)le  in  the  greatest  culinary  heat  that  can  be  produced. 

Burning  Mirrors,  or S/iecula,  gre  concave  reflecting  surfaces, 
commonly  of  metal,  which  reflect  the  rays  of  light  falling  upon 
them,  but  at  the  same  time  incline  them  towards  a  determined 
point  or  focus,  where  their  accumulated  cllect  operates  in  the 
most  powerful  manner,  burning  and  dissipating  the  hardest 
and  most  infusible  bodies. 

Those  burning  glasses  which  consist  of  refracting  convex 
lenses,  though  not  entirely  unknown,  were  very  imperfectly 
understood  by  the  ancients;  but  the  latter  kind,  the  burning 
mirrors,  they  seem  to  have  had  in  greater  perfection  than  the 
moderns,  at  least  if  we  may  credit  the  relations  of  several 
eminent  historians,  who  assert  that  Archimedes,  by  means  of 
such  mirrors,  burned  and  destroyed  the  Roman  fleet,  which, 
under  Marcellus,  was  employed  at  the  siege  of  Syracuse;  and 
that  Proclus  in  the  same  way  destroyed  the  navy  of  Vitellius, 
at  the  siege  of  Byzantium. 

There  are  also  passages  in  some  of  the  ancients,  which  seem 
to  indicate  that  they  also  possessed  a  knowledge  of  the  burn- 
ing powers  of  refractors,  although  their  magnifying  powers 
appear  to  have  been  wholly  unknown  to  them.  Among  the 
moderns,  one  of  the  earliest  who  devised  a  burning  mirror,  was 
the  celebrated  Lord  Napier,  the  inventor  of  logarithms. 

Of  the  moderns,  the  most  remarkable  burning  glasses  are 
those  of  Magine,  of  20  inches  diameter;  of  Sepatala,  of  Milan, 
near  42  inches  diameter,  and  which  burnt  at  the  distance  of 
15  feet ;  of  Settala,  of  Vilette,  of  Tschirnhausen,  of  BulTon,  of 
Trudaine,  and  of  Parker. 

That  of  M.  de  Vilette  was  .•?  feet  11  inches  in  diameter,  and 
its  focal  distance  was  3  feet  2  inches.  Its  substance  is  a  com- 
position of  tin,  copper,  and  tin  glass.  Some  of  its  effects,  as 
found  by  Dr.  Harris  and  Dr.  Desaguliers,  are,  that  a  silver  six- 
pence melted  in  7{"  ;  a  king  George's  halfpenny  melted  in  16", 
and  ran  in  34";  tin  melted  in  3";  and  a  diamond,  weighing 
4  grains,  lost  Jths  of  its  weight. 

That  of  Bufl'on  is,  (sec  Archimedes'  mirror,  in  the  following 
figure,)  a  polyhedron,  (J  feet  broad,  and  as  many  high,  consist- 
ing of  168  small  mirrors,  or  flat  pieces  of  looking-glass,  each 
6  inches  square,  by  means  of  which,  with  the  faint  rays  of  the 
sun  in  the  month  of  March,  he  set  on  fire  boards  of  beech  wood 
at  150  feet  distance.  Besides,  his  machine  has  the  conveniency 
of  binning  downwards  or  horizontally,  as  oue  pleases,  each 
speculum  being  moveable,  so  as,  by  means  of  three  screws,  to 


be  set  to  a  proper  inclination  for  direeting  the  rays  towards 
any  given  point;  and  it  turns  cither  in  its  greater  focus,  or  in 
any  nearer  interval,  which  our  common  burning  glasses  cannot 
do,  their  focus  being  fixed  and  determined.  BuHbn,  at  another 
time,  burnt  wood  at  the  distance  of  200  feet ;  and  melted  tin 
and  lead  at  the  distance  of  more  than  120,  and  silver  at  .50  feet. 
The  following  figure  represents  another  contrivance  of 
Bufl'on,  for  diminishing  the  thickness  of  very  large  refracting 
lenses,  in  which  the  burner  consists  of  concentric  pieces  ot 
glass,  each  resting  upon  the  other,  as  represented  in  the  figure, 
by  dividing  the  convex  arch  of  the  lens  into  three  equal  parts. 
Thus,  suppose  the  diameter  to  be  26  inches,  and  the  thickness 
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middle  piece  need  only  be  one  inch ;  at  the  same  time  that  the 
lens  will  have  the  same  convexity,  and  almost  the  same  focal 
distance,  as  in  the  other  case,  while  the  effects  of  it  must  be 
much  greater  on  account  of  the  fcreater  thickness  of  tlic  glass. 

Mr.  Parker,  of  Fleet-street,  London,  was  induced,  at  an 
expense  of  upwards  of  £700,  to  contrive,  and  at  length  to 
complete,  a  large  transparent  lens,  that  would  serve  the  pur- 
pose of  fusing  and  vitrifying  such 
substances  as  resist  the  fires  of 
ordinary  furnaces,  and  more  espe- 
cially of  applying  heat  in  vacuo, 
and  in  other  circumstances  in 
w  liich  it  cannot  be  applied  by  any 
other  mean,  as  in  the  annexed 
figure.  After  directing  his  atten- 
tion for  several  years  to  this  ob- 
ject, and  performing  a  great  va- 
riety of  experiments  in  the  prose- 
cution of  it,  he  at  last  succeeded 
in  the  construction  of  a  lens  of 
flint  glass,  3  feet  in  diameter, 
which,  when  fixed  in  its  frame, 
exposes  a  surface  of  32  inches 
in  the  clear;  the  distance  of  the 
focus  is  6  feet  9  inches,  and  its 
diameter  1  inch.  The  rays  from 
this  large  lens  are  received  and 
transmitted  through  a  smaller 
one  of  13  inches  diameter,  its 
focal  length  2!)  inches,  and  diame- 
ter of  its  focus  I  inch  ;  so  that  this 
g.-cond  lens  increases  the  power 
of  the  former,  as  8=  to  3^  or  rather  more  than  7  to  1. 

In  the  elevation,  (as  in  the  following  figure,)  A  is  the  lens  of 


the  diameter  mentioned;  B  is  a  second  lens,  16  inches  diame- 
ter ;  C  a  truncated  cone,  composed  of  21  ribs  of  wood,  in  which 
both  lenses  are  fixed  ;  D  is  a  rack  passing  through  the  pillar  L, 
E  its  handle  ;  Fa  bar  of  wood,  fixed  between  the  two  lower  ribs  of 
the  cone  at  G,  in  which  the  apparatus  H,with  the  iron  plate  I, 
turning  on  the  ball  and  socket  K,  to  hold  thereon  the  matter 
under  experiment ;  L  L  a  frame  moving  on  the  castors  M  M. 
Below  the  table  N  are  three  friction  wheels,  that  move  the 
machine  horizontally.  O  a  strong  iron  bar,  in  which  the  lens 
and  the  cone  hang. 

The  following  figure  represents  the  section,  a  is  the  great 
len.s  marked  A  in  the  elevation;  b  the  frame  containing  the 
great  lens  ;  t  the  small  lens  marked  B  ;  d  the  frame  that  con- 
tains the  small  lens ;  e  the  truncated  cone  C  ;  f  the  bar  on 


which  the  apparatus  F  turns  ;  g  the  iron  plate  marked  I ;  h  thfr 
cone  of  rays  formed  by  the  great  lens  a  falling  on  the  lens  ( ;  t 
the  cone  of  rays  formed  by  the  refraction  of  the  lens  t.  In  the 
front  view  in  Mr.  Parker's  lens,  A  is  the  great  lens  in  its  cir- 
cular frame  ;  ;«  the  iron  bow  in  which  it  hangs  ;  /  the  support. 

From  a  variety  of  experiments  made  with  this  lens,  the  fol- 
lowing are  selected  to  serve  as  a  specimen  of  its  powers: — 

Substances  fijsed.  with  their  Weight  and  Weight  in  Time  in 

Time  of  Fusion.  Grains.  Seconds. 

Gold, pure, 20 4 

Silver,  ..  ditto 20  ......  3 

Copper,    ditto, 33 20 

Platina,   ditto, 10  3 

Nickel, 16 3 

Bar  iron,  a  cube, 10 12 

Cast  iron,  ditto, 10 3 

Steel, ditto 10 12 

Scoria  of  wrought  iron, 12 2 

A  topaz,  or  chrysolite, 3 45 

An  oriental  emerald, 2   42 

Crystal  pebble, 7   6 

Topaz, 10 30 

Flint  oriental 10 30 

Rough  cornelian  10 75 

Jasper 10   25 

Onyx, 10 20 

Garnet, 10   17 

AVhite  rhomboidal  spar, 10  60 

Mr.  Parker  farther  informs  us,  that  a  diamond  weighing  10 
grains,  exposed  to  this  lens  for  .TO  minutes,  was  reduced  to 
6  grains  ;  but  gold  remained  in  its  metallic  state,  without  appa- 
rent diminution,  notwithstanding  an  exposure  at  intervals  of 
many  hours.  With  regard  to  experiments  on  iron,  it  is  remark- 
able that  the  lower  part,  viz.  the  part  in  contact  with  the  char- 
coal, was  first  melted,  when  that  part  which  was  exposed  to 
the  focus  remained  nnfused.  For  farther  particulars  on  this 
subject  see  Rees's  Cyclopedia,  article  Burning  Glass  ;  see  also 
an  essay  on  "  Mirrors  Ardens,"  by  M.  Peyrard,  subjoined  to 
the  French  translation  of  the  works  of  Archimedes. 

BURTHEN,  or  Burden,  the  weight  or  measure  of  any  spe- 
cies of  merchandise  that  a  ship  will  carry  when  fit  for  sea  ; 
the  general  rule  for  finding  which  is,  to  multiply  the  length  of  the 
keel,  the  inner  midship  breadth,  and  the  depth  from  the  main 
deck  to  the  plank  joining  the  keelson,  together ;  which  product 
divided  by  94  gives  the  tonnage,  or  burden,  required  in  tons. 

BUSHJEL,  a  measure  for  dry  goods,  which  by  an  act  of 
parliament,  passed  in  1697,  is  to  contain  2150'42  cubic  Inches, 
viz.  "  Every  round  bushel,  with  a  plain  and  even  bottom,  is  to 
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be  made  18J  inches  wide  tlirouslioiit,  and  S  inclies  deep,  wliicli 
is  accounted  a  le^al  Wincliesler  Ijusliel,  according  to  the  stand- 
ard in  his  majesty's  exchequer."  See  Wrights  and  Measubes. 

BUTTER,  Cheese,  &c. — Butter  is  an  artificial  preparation  of 
cow's  milk.  The  milk,  cither  in  its  natural  state  or  in  that  of 
eream,  is  whirled  round  or  aftitated  in  a  churn,  till  all  its  unc- 
tuous particles  are  separaled  from  the  whey,  and  a  soft  con- 
sistent mass  is  formed.*  (Jreek  authors  frequently  speak  of 
rnilk  and  cheese,  but  do  not  mention  butler  ;  and  the  Romans, 
for  six  centuries,  used  it  as  a  medicine.  In  modern  times,  the 
art  of  makin":,  improving,  and  preserving  butter,  has  kept  pace 
with  the  unwholesome  custom  of  eating  this  animal  oil  from  an 
early  period  of  infancy.  Butter  forms  a  considerable  article 
of  trade.  .'iO.OOO  tons  of  butter  are  annually  consumed  in  Lon- 
don ;  of  which  the  counties  of  Camhridge  and  Sullolk  are  said 
1o  furnish  ,50.000  (irkins,  each  containing  56  lbs.  None,  how- 
ever, is  equal  to  that  [iroduccd  ill  Essex,  and  known  by  the 
name  of  Epping  butter. 

Butter,  like  all  intlauimable  substances,  is  constantly  under- 
going oxygenation,  as  the  chemists  call  it,  and  by  this  process 
becomes  rancid,  or  is  changed  into  a  new  substance  no  longer 
suitable  for  the  purposes  of  nourislmient.  The  tendency  to 
rancidity,  or  oxygenation,  is  much  hastened  by  its  greater  or 
less  admixture  with  the  other  parts  of  the  milk,  from  which  it 
is  not  totally  freed  ;  for  if  the  parts  arc  very  completely  sepa- 
rated, the  progress  of  oxygenation  is  much  retarded. 

The  only  means  of  preserving  butter  is  by  means  of  sea-salt ; 
and  with  this  addition  it  can  be  kept  long  in  a  lit  condition  for 
aliment.  The  eream,  or  oily  part  of  the  milk,  from  which  but- 
ter is  made,  acquires,  by  being  kept  for  some  time,  new  pro- 
perties, and  these  new  properties  facilitate  its  conversion  into 
butter.  Thus  sour  cream  does  not  take  one-fourth  part  of  the 
labour  necessary  in  churning,  as  fresh  cream,  in  order  to  give 
out  its  product:  but  this  ai^id  which  prevails  in  the  cream 
before  churning,  disappears  also  after  the  process  is  finished  ; 
and  this  circumstance  is  no  way  inllucnced  either  by  the  access 
or  exclusion  of  the  atmospheric  air.  Fresh  butter,  as  first 
made,  is  almost  without  any  smell,  of  a  mild  and  agreeable 
taste,  easily  soluble  in  water,  and  remaining  uniform  even  in  a 
boiling  heat.  As  its  acid  becomes  extricated,  it  acquires  an 
acrimony  or  rancidity,  and  is  then  rendered  unwholesome. — 
This  acid  is  peculiar,  and  has  not  yet  been  properly  examined. 

The  i)roper  quality  of  butler  is  marked  by  its  oily  or  fat 
shining  surface,  and  its  yellowcolour,  with  an  agreeable  flavour 
and  sweetish  taste.  The  colour  varies  according  to  the  feeding 
of  the  animal,  and  to  supply  its  defect,  adventitious  means  are 
often  resorted  to  by  colouring  it  with  vegetables.  The  highest 
degree  of  natural  colour  is  generally  found  in  that  from  the 
milk  of  Guernsey  cows.  From  the  strong  tendency  of  butter 
to  oxygenation,  great  <piantities  of  this  article  ('ome  (o  be  sold 
in  a  rancid  state;  and  this  cannot  fail  to  be  attended  with  the 
most  deleterious  consequences,   and   to   lay  the  foundation  of 

•  There  are  also  TegetaI)Ie  butters  innde  from  palm  oil,  and  the  oil  of  the 
cocoa  nut.  The  celebrated  Park  found,  in  Africa,  a  tree  called  by  the 
Datives  shea,  from  tbe  fruit  of  wbicb  a  tolerably  pure  butter  was  procured. 


disease.  As  the  wholcsoraeness  of  this  article  depends  on  its 
freedom  from  rancidity,  whatever  operation  it  is  subjected 
to,  that  produces  this  state  of  it,  introduces  the  foundation 
of  disease,  whether  it  arise  from  keeping,  or  the  processe-i  of 
cookery  in  frying  and  burning.  It  becomes  in  lhi^  state  heavy 
and  indigestible  on  the  stomach,  occasioning  acrid  and  acid 
belchings. 

But  besides  selling  it  in  a  rancid  state,  other  deceptions 
may  be  adduced  in  respect  to  butter,  by  those  who  deal  in  it. 
liy  beating,  it  possesses  the  quality  of  absorbing  an  immense 
quantity  of  water.  Such  advantage  is  taken  of  this  circum- 
stance, that  what  with  the  additional  weight  of  salt  also  intro- 
duced into  it,  the  public  do  not  receive  more  than  two-thirds 
of  the  actual  product  when  they  buy  it.  The  fraud  begins  from 
the  very  dairy,  and  is  increased  when  it  gets  into  the  hands  of 
the  cheesemonger.  The  poor  man  is  deprived  of  so  much  of 
the  nourishment  which  he  ought  to  have,  and,  by  an  excess  of 
extraneous  matter  introduced  into  his  body,  through  the  use  of 
this  sophisticated  article,  sees  himself  and  his  progenitors  often 
suffering  under  scrofula  and  other  maladies,  drawing  their 
origin  from,  or  aggravated  by,  this  impure  source. 

Cheese,  made  from  curdled  milk,  freed  from  the  serum  or 
whey,  and  afterwards  dried  for  use,  difl'ers  in  quality,  as  it  is 
made  from  new  milk,  or  from  skimmed  milk, — from  the  curd 
which  separates  si)onlaneously  upon  standing,  or  that  which  is 
more  speedily  produced  with  runnel.  There  is  also  cheese 
from  cream,  which  is  fat  and  bulyraccous,  and  does  not  keep 
long.  Of  all  the  cheese  made  in  England,  none  is  so  esteemed 
as  the  Stilton.  These  cheeses  must  be  kept  two  years  before 
they  are  properly  mellowed  for  use  in  families.  The  making 
of  what  is  called  Stilton  cheese  is  not  confined  to  the  Stilton 
farmers.  Others  in  Huntingdonshire,  and  even  in  Rutland  and 
Northamptonshire,  make  a  similar  sort,  w  hich  is  sold  under  the 
name  of  Stilton.  The  double  Gloucester  is  much  esteemed. 
The  goodness  of  Ohcdder  cheese  is  said  to  be  owing  to  the 
richness  of  the  land:  the  same  is  the  case  with  the  Somerset- 
shire, and  that  of  the  adjoining  counties.  Cheshire  cheese  is 
generally  admired.  A  cheese  is  sometimes  above  a  hundred 
pounds  weight.  To  give  a  high  colour  to  cheese,  it  is  usual  to 
put  with  the  milk,  before  it  is  turned,  a  little  annotto.  No 
cheese  will  look  yellow  without  it,  and  though  it  is  perfectly 
innocent,  it  does  not  add  to  the  goodness  of  the  cheese. 

BUTTERFLY,  To  take  the  Impression  of  a.  Having  caught 
a  butlcrlly,  kill  it  without  spoiling  its  wings,  contrive  to  spread 
these  out  as  regularly  as  possible  in  a  flying  position;  then, 
with  a  small  brush  or  pencil,  take  a  piece  of  white  paper; 
wash  part  of  it  with  gum  water,  afterwards  lay  your  butterfly 
on  the  paper,  cut  off  the  body  close  to  the  wings,  throw  it 
away,  lay  the  paper  on  a  smooth  board,  with  the  fly  upwards  ; 
lay  another  paper  over  that,  put  the  wliole  preparation  into  a 
screw  press,  and  screw  it  hard  down,  or  otherwise  press  it,  for 
half  an  hour.  Afterwards  take  ofl'  the  wings  of  the  butterfly, 
and  you  will  find  their  perfect  impression,  with  all  their  various 
colours  marked  distinctly,  on  the  paper.  When  this  is  done, 
draw  between  the  wings  of  your  impression  the  body  of  the 
butterfly,  and  colour  it  after  the  insect  itself. 


c. 


CAB 


CAB 


v^ABIN,  a  room  or  apartment  in  a  ship,  where  any  of  the 
oflicers  usually  reside.      In    a   large   ship   there    are   several 
cabins,  the  principal  of  which,  distinguished  by  the  name  of 
the  great  cabin,  is  designed  for  the  captain  or  commander.     In 
ships  of  the  line,  this  chandier  is  furnished  with  an  open  gal- 
lery in  the  ship's  stern,  as  also  a  little  gallery  on  each  quarter. 
CABINET,  a  secret  or  inner  apartment  ;  also  a  piece   of 
joiner's  work  resembling  a  jircss  or  chest;  likewise  a  council, 
'  or  select  meeting,  is  called  a  cabinet. 
16. 


CABLE,  a  thick,  stout  rope,  made  of  hemp,  &c.  to  keep 
a  ship  at  anchor.  Every  cable  is  of  three  strands,  every 
strand  of  three  ropes,  every  rope  of  three  twists ;  and  the 
twists  are  spun  of  more  or  less  threads,  as  the  cable  is  to  be 
thick  or  small.  Thus,  a  cable  of  one  inch  diameter,  or  three 
inches  circumference,  consists  of  forty-eight  ordinary  threads, 
and  weighs  li)'2  pounds.  To  estimate  the  strength  of  a  hempen 
cable,  divide  by  6,  the  square  of  its  girth  in  inches,  and  tlie 
quotient  will  express  in  tuns  the  utmost  strain  it  can  bear. 
2  N 
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Thread. 

Weight.— lbs. 

Strain. — Tons 

77   .  .  . , 

.308    ... 

...      3  2 

174   ... 

696   ... 

. . .      7-2 

311    ... 

1244   ... 

...    12-8 

485  ... 

1940   .    . 

...   20-0 

952 

3808   . . . 

...    39-2 

1574   . . . 

6296   .. 

...   64-8 

1943   ... 

7772  ... 

...    800 

Hence,  a  rope  of  1  inch  diameter  is  capable  of  bearing  a  strain 
of  1-8  ton. 

Circam. 

4  

6  

8  

10  

14  

18  

20  

Tliis  estimate  applies  to  new  ropes,  formed  of  the  best  mate- 
rials, not  much  twisted,  and  havinf;-  the  strands  laid  even.  If 
jams,  of  180  yards  long,  be  worked  up  into  ropes  120  yards 
only,  it  will  lose  one-fourth  of  the  strength,  the  exterior  tibres 
alone  resisting  the  greatest  strain. 

The  long  cable  is  not  so  apt  to  break  as  the  short  one, 
because  it  will  bear  a  great  deal  more  stretching  before  it 
comes  to  the  greatest  strain ;  it  therefore  resembles  a  sort  of 
spring,  which  may  be  \ery  easily  extended,  and  afterwards 
recovers  its  tirst  state,  as  soon  as  the  force  which  extended  it 
is  removed.  Besides  all  this,  a  sliip  will  ride  much  smoother 
with  a  long  cable,  and  be  less  apt  to  pitch  or  plunge  deep  in 
the  water  with  the  fore  part.  On  the  contrary,  the  short  cable, 
being  too  nearly  vertical  to  the  anchor,  cannot  bear  such  a 
strain,  because  it  is  charged  with  a  greater  ellort ;  and,  as  it 
will  not  bear  stretching,  may  break  the  first  violent  tug.  The 
ship  also  rides  with  nnieh  greater  dilliculty,  labours  extremely, 
and  often  plunges  all  her  fore  part  under  water.  Every  ship 
should  be  furnished  with  sulliciency  of  cables,  or  what  is  called 
ground  tackle  ;  for  owing  to  a  delicicncy  of  this  necessary 
article,  many  excellent  vessels  have  been  lost,  and  it  is  an  in- 
considerate policy  indeed,  in  merchants,  to  e.\pose  their  ships 
to  such  evident  dangers  for  the  want  of  them. 

CAGE,  an  enclosure  of  wire,  or  wicker,  for  the  confinement 
of  birds  or  w'ild  beasts.  Cage  means  also,  in  carpentry,  some 
outer  work,  or  timber  enclosing  other  timber,  as,  the  cage  of  a 
windmill ;  the  cage  of  a  staircase,  the  wooden  walls  or  sides 
that  enclose  it. 

CALAMINE,  a  mineral  composed  of  zinc,  iron,  and  some- 
times other  substances  ;  its  colour  is  sometimes  whitish  or 
gray ;  at  other  times  brown  or  blackish,  red  or  deep  yellow. 

CALAMUS,  the  rotang,  or  true  Indian  cane,  abundant  in 
Sumatra,  is  one  of  those  plants  from  which  the  drug,  called 
dragon's  blood,  is  obtained. 

CALASH,  a  small  light  chariot,  or  garden  chair,  of  whicli  a 
new  sort  going  on  two  wheels  has  been  invented ;  not  hung  on 
traces  and  springs,  yet  easier  than  the  common  coaches,  and 
possessing  the  singular  advantage  of  recovering  its  proper 
position,  should  it,  by  any  irregularity  of  the  road,  or  other 
accident,  be  overturned. 

CALCAR,  a  small  oven,  or  reverberatory  furnace,  in  which 
the  first  calcination  of  sand  and  potashes  is  made,  for  turning 
them  into /)■(>,  from  which  glass  is  ultimately  made.  This  fur- 
nace, 10  feet  long,  7  wide,  2  deep,  is  heated  by  flame  reverbe- 
rating from  the  roof  upon  the  frit,  over  tlie  surface  of  which 
the  smoke  rolls  quite  black,  escaping  by  the  mouth  of  the  cal- 
car.  The  coals  burn  on  grates  of  iron,  to  allow  the  ashes  to 
precipitate. 

CALCAREOUS  Earth,  the  same  as  lime,  and  of  which 
there  are  various  combinations,  as  marble,  limestone,  marie, 
gypsum.  Vast  quantities  of  marine  shells,  and  the  bones  of 
animals,  are  found  imbedded  in  it. 

CALCINATION.     S^e  Chemistuy. 

CALCUL.A.TION,  the  act  of  computing,  as  in  Arithmetic, 
Astronomy,  Geometry,  &c. 

CALCULU.S,  among  Mathematicians,  denotes  a  certain  way 
of  performing  mathematical  operations. 

Calci'M'S,  in  Medicine,  the  disease  of  the  stone  in  the  blad- 
der or  kidneys  ;  the  term  is  Latin,  and  signifies  a  little  pebble. 
Hard  waters,  that  contain  limy  earth,  contribute  to  the  forma- 
tion of  human  calculi. 

CALENDAR,  in  Chronology,  a  distribution  of  time, 
accommodated  to  the  purposes  of  civil  life,  exhibiting  the 
order  of  days,  weeks,  months,  festivals,  &c.  that  h;ippeu  and 
succeed  in  the  course  of  one  year.     The  calendar  of  Romulus, 


or  the  ancient  Romish  year,  consisted  of  ten  months,  namely, 
i(/fl)7iK*  of  thirty-one  days,  Aprilis  of  thirty,  il/wiHs  of  thirty- 
one,  Junius  thirty,  Qniiitilis,  of  thirty-one,  Sextilis  of  thirty, 
September  of  thirty,  October  of  thirty-one,  November  of  thirty, 
December  of  thirty  ;  in  all,  three  hundred  and  four  days. 

The  Roman  year  of  Numa  consisted  of  twelve  nmnths. 
Januariushad  twenty-nine  days,  i^ciruariHs twenty-eight,  HJar- 
tilts  thirty-one,  Aprilis  twenty-nine,  ^laius  thirty-one,  Junius 
tuentj-nine,  Quintilis  thirty-one,  Sextilis  twenty-nine,  Septem- 
ber thirty-one,  October  twenty-nine,  ISoveynber  twenty-nine; 
December  twenty-nine ;  in  all,  three  hundred  and  lii'ty-five. 
The  months  called  Quintilis  and  Sextilis,  from  their  order  in 
Roraulus's  year,  were  changed  into  Julius  and  .\ugustus,  in 
honour  of  .lulius  Ca?sar  and  his  successor  Augustus. 

The  Julian  year  consists  of  twelve  months,  riz.  January  of 
thirty-one  days,  Februartt  of  twenty-eight,  3/n)c/(  of  thirty-one, 
April  of  thirty,  31(11/  of  thirty-one,  June  of  thirty,  Juh/  of  thirty- 
one,  Aurjust  of  thirty-one,  .9<7)<f?Hier  of  thirty,  October  of  thirty- 
one,  Aoiiemter  of  thirty,  December  of  thirty-one;  in  all  three 
hundred  and  sixty-five.  Every  fourth  year,  in  the  Julian 
account,  has  three  liundred  and  sixty-six  days,  February  then 
having  twenty-nine,  as  we  have  before  observed.  The  G re/jorian 
year  has  the  same  number  of  months  and  days  as  the  Julian, 
the  only  difl'erence  being  that  each  month  in  the  former  begins 
eleven  days  sooner  than  the  latter. 

The  Jewish  year  consists  of  twelve  months.  Nisanor  Abib  has 
thirty  days,  Jiar  or  Zius  twenty-nine ;  Siban  or  Sivan  thirty, 
Tliamus  or  Tamvs  twenty-nine,  Ab  thirty,  Elul  twenty-nine, 
Tisri  or  Ethnnim  thirty,  Marchescmi  or  Bui  twenty-nine,  Cisleu 
thirty,  Tcbetk  twenty-nine,  Slubat  or  Schebeth  tnenty-nine, 
Y4rfrt)- twenty-nine ;  in  all  three  hundred  and  fifty-four.  This 
is  made  to  agree  with  the  solar  year,  by  adding  eleven,  and 
sometimes  twelve  days. 

As  the  form  of  the  year  is  various  among  different  nations, 
so  likewise  is  its  beginning.  The  Jews,  like  other  nations  of 
the  East,  had  a  civil  year,  which  commenced  with  the  moon  in 
September ;  and  an  ecclesiastical  year,  which  began  from  the 
new  moon  in  March.  The  Persians  begin  their  year  in  the 
month  answering  to  June.  The  Chinese  and  most  of  the  Indian 
nations  begin  it  with  the  first  moon  in  March  ;  and  the  Greeks 
with  the  new  moon  that  happens  next  after  the  summer  solstice. 

In  England,  the  civil  or  legal  year  formerly  commenced  on 
the  25lh  of  March,  and  the  historical  year  on  the  first  day  of 
January.  But  since  the  alteration  of  the  style,  in  1752,  the 
civil  year,  in  this  country,  as  we  observed  before,  has  likewise 
begun  on  the  first  of  January. 

CALENDS,  or  Kalends,  in  the  Roman  Chronology,  the  first 
day  of  every  month.  It  was  one  of  the  oflTices  of  the  pontifices 
to  watch  the  appearance  of  the  new  moon,  and  give  notice 
thereof  to  the  high  priests ;  upon  which  a  sacrifice  being 
offered,  the  pontiff  summoned  the  people  together  in  the  Capi- 
tol, and  there  with  a  loud  voice  proclaimed  the  number  of 
calends,  or  the  day  whereon  the  nones  would  be ;  which  he  did 
by  repeating  a  formula  as  often  as  there  were  days  or  calends. 
And  hence  also  our  term  calendar. 

The  Nones  were  the  5th  day  of  January,  February,  April. 
June,  August,  September,  November,  and  December,  and  the 
7th  of  March,  May,  July,  and  October.  And  the  Ides  hap- 
pened 9  days  after  the  nones;  that  is,  on  the  13th  day  of 
February,  April,  June,  August,  September,  November,  and 
December  ;  and  on  the  15th  of  March,  May,  July,  and  October. 

CALIBER,  or  Caliper,  properly  denotes  the  diameter  of 
any  round  body  :  thus  we  say  the  caliber  of  the  bore  of  a  gun, 
the  caliber  of  a  shot.  See. 

Caliber  or  Caliper  Compasses,  or  simply  Calipers,  a  sort  of 
compass  made  with  bowed  or  arched  legs,  for  the  purpose  of 
taking  the  diameter  of  any  round  body. 

CALICO,  a  cloth  made  from  cotton  wool,  resembling  linens; 
the  name  is  from  Calicut,  a  city  in  India,  from  whence  the 
Spaniards  or  Portuguese  first  brought  calicoes. 

Calico-printing,  or  the  art  of  applying  coloured  patterns 
on  a  white  or  coloured  ground  of  linen  or  cotton,  has  been 
practised  in  India  for  more  than  two  thousand  years,  but  has 
not  been  cultivated  in  Europe  more  than  a  century.  This  art 
depends  on  the  action  of  certain  bodies,  which,  by  chemical 
agency,  permanently    unite   the  colouring  matter   of  dyc'nij 
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materials  to  particular  parts  of  tlie  cloth.  The  substances 
which  bind  the  colouring  matters  to  the  faces  of  tlie  cloth,  are 
denominated  mordants.  The  mordant  is  applied  to  the  cloth 
by  wooden  blocks,  in  which  the  patterns  are  carved  in  relief. 
This  eU'ect  is  also  produced  by  means  of  a  small  brush, by  sheet 
copper  fixed  in  a  block,  like  filligree  work,  or  by  the  copper- 
plate. When  the  mordant  has  been  applied,  the  cloth  is  made 
completely  dry;  and  washed  in  water,  till  the  thickening  mat- 
ter, and  those  parts  of  the  mordants  uncombined  with  the 
cloth,  are  removed.  After  this,  the  cloth  is  rinsed  in  clean 
water.  It  is  then  dipped  in  the  dye  liquor,  by  which  the  whole 
is  dyed.  The  parts  which  have  been  impregnated  in  the  mor- 
dant receive  a  brighter  colour  than  those  which  have  not.  The 
colour  of  the  former  is  permanent,  but  that  of  the  latter  is 
discharged  by  repeated  washing. 

Calico-printing,  we  have  said,  consists  in  impregnating  those 
parts  of  the  cloth  which  are  to  receive  a  colour,  with  a  mor- 
dant, and  then  dyeing  it  as  usual  with  some  dye  stuff  or  other. 
The  dye  stuff  attaches  itself  lirnily  to  that  part  of  the  cloth  only 
which  has  received  the  mordant.  The  whole  surface  of  the 
cotton  is  indeed  more  or  less  tinged,  but  by  washing  and 
bleaching,  all  the  unmordanled  parts  resume  their  original 
colour,  while  those  which  have  received  the  mordant  retain  it. 
Let  us  suppose,  that  a  piece  of  white  cotton  cloth  is  to  receive 
red  stripes;  all  the  parts  where  the  stripes  are  to  appear  are 
pencilled  over  with  a  solution  of  acetite  of  aluminc  ;  after 
this,  the  cloth  is  dyed  in  the  usual  manner  with  madder. 
When  taken  out  of  the  dyeing  vessel  it  is  all  of  a  red  colour, 
but  by  washing  and  bleaching,  the  madder  leaves  every  part  of 
the  cloth  white,  except  the  stripes  impregnated  with  the  acetile 
of  alumine,  w  hich  remain  red.  Thus  it  is  obvious,  that  it  is 
not  the  cloth  but  the  mordant  which  has  retained  the  dye.  In 
the  same  manner  may  yellow  stripes,  or  any  other  wishcd-for 
tigurc,  be  given  to  cloth,  by  substituting  quercitron  bark,  weld, 
&c.  for  madder. 

When  dillerent  colours  are  to  be  given  to  different  parts  of 
the  cloth  at  the  same  time,  it  is  done  by  impregnating  it  with 
various  mordants.  Thus,  if  stripes  be  drawn  upon  a  cotton 
cloth  with  acetite  of  alumine,  and  other  stripes  with  acetite  of 
iron,  and  the  cloth  be  afterwards  dved  in  the  usual  way  vviili 
madder,  and  then  washed  and  bleached,  it  will  be  striped  red 
and  brown.  The  same  mordants  with  quercitron  bark,  give 
jellow  and  olive,  or  drab. 

The  mordants  employed  in  calico-printing  are,  acetite  of 
alumine,  and  acetite  of  iron.  These  mordants  are  applied  to 
the  cloth,  either  with  a  pencil,  or  by  means  of  blocks.  As  the 
mordants  are  applied  on  to  particular  parts  of  the  cloth,  care 
must  be  taken  that  none  of  them  spread  to  the  part  of  the  cloth 
which  is  to  be  left  white,  and  that  they  do  not  interfere  with 
one  another,  when  more  than  one  are  applied.  11  tiese  precau- 
tions be  not  attended  to,  all  the  elegance  and  beauty  ol  the  print 
will  be  destroyed. 

It  is  necessary,  therefore,  that  the  mordants  should  be  of 
such  a  consistence,  as  not  to  spread  beyond  thoso  parts  of  the 
cloth  on  which  they  are  applied.  This  is  done  by  thickening 
them  with  flour  or  starch,  when  they  are  to  be  applieJ  by  the 
block  ;  and  with  gum  arabic,  when  they  are  to  be  put  on  by  a 
pencil.  The  thiikeuing  should  never  be  greater  than  is  sulfi- 
cient  to  prevent  the  spreading  of  the  mordants  ;  when  carried 
too  far,  the  cotton  is  apt  not  to  be  sufTiciently  saturated  with  the 
mordants;  and  of  course,  the  dye  takes  but  imperfectly.  In 
order  that  the  parts  of  the  cloth  impregnated  with  mordants 
may  be  distinguished  by  their  colour,  it  is  usual  to  tinge  the 
mordants  with  some  colouring  matter  or  other.  The  printers 
comn\ouly  use  the  decoction  of  Brazil  wood  for  this  purpose  ; 
but  the  IJrazil  wood  colouring  matter  impedes  the  sidjscqucnt 
process  of  dyeing.  The  mordant  should  therefore  be  coloured 
with  some  of  the  dye  stulf  afterwards  to  be  applied,  but  not 
more  than  is  sufficient  to  make  the  mordant  disliiiguishahle 
when  applied  to  the  cloth.  The  reason  is  obvious.  If  too 
much  dye  be  mixed  with  the  mordant,  a  great  proportion  of  the 
mordant  will  be  combined  with  colouring  matter,  which  must 
weaken  its  affinity  for  the  cloth,  and  of  course  prevent  it  from 
combining  with  it  in  suOioient  quantity  to  ensure  a  permanent 
dye.  Sometimes  these  two  mordants  are  mixed  together  in 
different  proportions  ;  and  sometimes  ouc  or  both  is  mixed  with 


an  infusion  of  sumach,  or  of  nut  galls.  By  these  contrivances 
a  great  variety  of  colours  are  produced  by  the  same  dye  stufl^ 
After  the  mordants  have  been  applied,  the  cloth  is  dried  by 
artilieial  heal,  which  contributes  towards  the  separation  of  the 
acetous  acid  from  its  base,  and  towards  its  evaporation,  by 
w  hich  the  mordant  cond>ines  in  a  greater  proportion,  and  niortt 
intimately  with  the  cloth. 

When  the  cloth  is  sufhcienlly  dried,  it  is  to  be  washed  witli 
warm  water  and  cow-dung,  till  all  the  flour,  or  gum,  employed 
to  thicken  the  mordants,  and  all  those  parts  of  the  mordants 
which  are  uncombined  with  the  cloth,  be  removed.  After  this, 
the  cloth  is  thoroughly  rinsed  in  clean  water.  Almost  the  only 
dye  stuffs  employed  by  calico-printers,  are  indigo,  ma<lder,  and 
cpiercitron  bark,  or  weld.  This  last  substance,  however,  is  but 
little  used  by  the  printers  of  this  country,  except  for  delicate 
greenish  yellows.  The  <iuen'itron  bark  has  almost  superseded 
it,  because  it  gives  colours  usually  good,  and  is  much  cheaper 
and  more  convenient,  not  requiring  so  great  a  heat  to  fix  it. 
Indigo  not  requiring  any  mordant,  is  commonly  applied  at 
once,  either  with  a  liiock  or  a  pencil.  It  is  prepared  by  boiling 
together  indigo,  potash  made  caustic  by  quicklime,  and  orpi- 
ment ;  the  solution  is  afterwards  thickened  with  gum.  It  must 
be  carefully  secluded  from  the  air,  otherwise  the  indigo  would 
soon  be  regenerated,  which  would  render  the  solution  useless. 
Coarse  brown  sugar,  as  a  substitute  for  orpinicnts,  is  equally 
efficacious  in  decomposing  the  indigo,  and  rendering  it  soluble; 
while  it  likewise  serves  all  the  purposes  of  gum. 

When  the  cloth,  after  being  impregnated  with  the  mordant, 
is  sufliciently  cleansed,  it  is  dyed  in  the  usual  manner,  and  the 
whole  is  more  or  less  tinged  with  the  dye  stull.  It  is  well 
washed,  and  then  spread  out  for  some  days  on  the  grass,  and 
bleached  with  the  wrong  side  uppermost.  This  carries  the 
colour  off  completely  from  all  parts  of  the  cotton  which  have 
not  imbibed  the  mordant,  and  leaves  them  of  their  original 
whiteness,  while  the  mordanted  spots  retain  the  dye  as  strongly 
as  ever. 

We  will  now  give  some  examples  of  the  manner  in  which 
printers  give  particular  colours  to  calicoes.  Some  calicoes  are 
only  printed  of  one  colour,  others  have  two,  others  three  or 
more,  even  to  the  number  of  eight,  ten,  or  twelve.  The  smaller 
the  number  of  colours,  the  fewer  in  general  are  the  processes. 

One  of  the  most  common  colours  on  cotton  prints  is  a  kind 
of  nankeen  yellow,  of  various  shades,  down  to  a  deep  yellowish 
brown,  or  drab.  It  is  usually  in  stripes  or  spots.  To  produce 
it,  the  printers  besmear  a  block,  cut  out  into  the  figure  of  the 
print,  with  acetite  of  iron,  thickened  with  gum  or  flour;  and 
then  apply  it  to  the  cotton,  which,  after  being  dried  and 
cleaned  in  the  usual  manner,  is  plunged  into  a  potash  ley.  The 
quantity  of  acetite  of  iron  is  always  proportioned  to  the  depth 
of  the  shade.  For  yellow,  the  block  is  besmeared  with  acetite 
of  alumine.  The  cloth,  after  receiving  the  mordant,  is  dud 
with  quercitron  bark,  and  then  bleached.  Red  is  communicated 
by  the  same  process,  only  madder  is  substituted  for  the  baik. 
The  fine  light  blues  which  appear  so  often  on  printed  cottons, 
are  produced  by  applying  to  the  cloth  a  block  besmeared  with 
a  composition,  consisting  partly  of  wax,  which  covers  all  those 
parts  of  the  cloth  w hich  are  to  remain  white.  The  cloth  is  then 
dyed  in  a  cold  indigo  vat  ;  and  after  it  is  dry,  the  wax  compo- 
sition is  removed  by  hot  water. 

Lilac  brown,  and  blackish  brown,  are  given  by  means  of 
acetite  of  iron  ;  the  quantity  of  which  is  always  proportioned 
to  the  depth  of  the  shade.  For  very  deep  colours,  a  little 
sumach  is  added.  The  cotton  is  afterwards  dyed  in  the  usual 
manner  with  madder,  and  then  bleached. 

Dove  colour  and  drab,  by  acetite  of  iron  and  quercitron 
bark.  When  dillerent  colours  are  to  appear  in  the  same  print, 
a  greater  number  of  operations  are  necessary.  Two  or  more 
blocks  are  employed,  upon  each  of  which,  that  part  of  the 
print  only  is  cut,  which  is  to  be  of  some  |)articular  colour. 
These  are  besmeared  with  dillerent  mordants,  and  applied  to 
the  cloth,  which  is  afterwards  dyed  as  usual.  Let  us  suppose, 
for  instance,  that  these  blocks  are  apjilicd  to  cotton,  one  with 
acetite  of  aluinine,  another  with  acetite  of  iron,  a  third  with  a 
mixture  of  those  two  mordants,  and  that  the  cotton  is  then 
dyed  with  quercitron  hark,  and  bleached.  The  parts  impreg- 
nated with  mordants  would  have  the  following  colours: — .\c©- 
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tite  of  alumine,    yellow  ;   aoetile    of  iron,  olive,  drab,  dove  ; 
the  mixture,  olive  green,  olive. 

If  the  part  of  the  yellow  !)e  covered  over  with  the  indigo 
liquor,  applied  with  a  pencil,  it  will  be  convened  into  green. 
If  the  same  liquid,  blue  may  be  given  to  such  parts  of  the  print 
as  require  it.  If  the  cotton  be  dyed  with  madder,  instead  of 
quercitron  bark,  the  print  will  exhibit  the  following  colours  :— 
Acetite  of  alumine,  red;  acetite  of  iron,  brown,  black;  the  mix- 
ture, purple. 

When  a  greater  number  of  colours  are  to  appear;  for  in- 
stance, when  those  communicated  by  bark,  and  those  by  mad- 
der, are  wanted  at  the  same  time,  mordants  for  part  of  the 
pattern  arc  to  be  applied ;  the  cotton  is  then  to  be  dyed  in  the 
madder  bath,  and  bleached;  then  the  rest  of  the  mordants,  to 
fill  up  the  pattern,  are  added,  and  the  cloth  is  again  dyed  wilh 
quercitron  bark,  and  bleached.  The  second  dyeing  does  not 
much  afl'eet  the  madder  colours;  because  the  mordants,  which 
render  them  permanent,  are  already  saturated.  The  yellow 
tin"-e  is  easily  removed  by  the  subsequent  bleaching.  Sonie- 
tim'es  a  new  mordant  is  also  applied  to  some  of  the  madder 
colours,  in  consequence  of  which,  they  receive  a  new  perma- 
nent colour  from  the  bark.  After  the  last  bleaching,  new 
colours  niav  be  added  by  means  of  the  indigo  liquor.  The 
following  table  will  give  an  idea  of  the  colours  which  may  be 
given  to  cotton  by  these  complicated  processes. — 1.  Madder 
Di/e.  Acetite  of  alumine,  red  ;  acetite  of  iron,  brown,  black  ; 
acetite  diluted,  lilac;  both  mixed,  purple.— "2.  Bark  Di/e.  Ace- 
tite of  alumine,  yellow  ;  acetite  of  iron,  dove,  drab;  lilac  and 
acetite  of  alumine.  olive ;  red  and  acetite  of  alumine,  orange. 
—3.  Indigo  Di/e.     Indigo,  blue  ;  indigo  and  yellow,  green. 

Thus  no  less  than  twelve  colours  may  be  made  to  appear 
together  in  the  same  print,  by  these  dillerent  processes.  These 
instances  will  serve  to  give  the  reader  an  idea  of  the  nature 
of  calico-printing,  and  at  the  same  time  afl'ord  an  excellent 
illustration  of  the  importance  of  mordants  in  dyeing. 

Were  it  possible  to  procure  colours  sufficiently  permanent, 
by  applying  them  at  once  to  the  cloth  by  the  block  or  the  pen- 
cil, as  is  the  case  with  the  mordants,  the  art  of  calico-printing 
would  be  brought  to  tlie  greatest  simplicity ;  but  at  present 
this  can  only  be  done  in  one  case,  that  of  indigo  ;  every  other 
colour  requires  dyeing.  Compositions,  indeed,  may  be  made, 
by  previously  combining  the  dye  stufl'and  the  mordants.  Thus 
yellow  may  be  applied  at  once,  by  employing  a  mixture  of  the 
infusion  of  quercitron  bark  and  acetite  of  alumine,  red,  by 
mixing  the  same  mordant  with  the  decoction  of  alumine,  and 
so  on.  The  colours  applied  in  this  way,  are,  unfortunately,  far 
inferior  in  permanency  to  those  produced  when  the  mordant 
is  previously  combined  with  the  cloth,  and  the  dye  stuti  after- 
wards applied  separately.  In  this  way  are  applied  almost  all 
the  fugitive  colours  of  calicoes,  which  washing,  or  even  expo- 
sure to  the  air,  destroys. 

CALIPPIC  Period,  in  Chronology,  a  period  of  76  years, 
continually  recurring,  after  which  it  was  supposed  by  Calippus, 
that  the  lunations.  Ike.  of  the  moon  would  return  again  in  the 
same  order ;  which,  however,  is  not  exact,  as  it  brings  them 
too  late  bv  a  day  in  '225  years. 

CALOMEL,  dulcified  sublimate  of  mercury,  is  a  combina- 
tion of  mercury  with  muriatic  acid;  called  also  sub-imuiate  of 
nierciin/. 

CALORIC,  in  Chemistry,  a  modern  term  introduced  info 
philosophy,  to  denote  that  substance,  by  the  influence  of  which 
are  produced  all  the  phenomena  of  heat,  and  which  was 
formerly  distinguished  by  the  term  ir/neousjiuid,  matter  of  heat, 
and  other  analogous  demonstrations. 

Heat,  considered  as  a  sensation,  or.  in  other  words,  sensible 
heat,  is  only  the  efi'ect  produced  upon  our  organs  by  the  motion 
of  calori.-;,  disengaged  from  surrounding  bodies.  To  illustrate 
this,  let  us  observe,  that  in  general  we  receive  the  impression 
only  in  consequence  of  motion,  and  it  might  be  established  as 
an  axiom,  that  without  motion  there  is  no  sensation.  This 
general  principle  applies  very  accurately  to  the  sensations  of 
beat  and  cold.  When  wc  touch  a  cold  body,  the  caloric,  which 
always  exerts  itself  to  attain  an  equilibrium  in  all  bodies, 
passes  from  our  hand  into  the  body  we  touch,  and  give  us  the 
feeling  or  sensation  of  cold.  The  contrary  happens  when  we 
touch  a  w  arm  body  ;    the  caloric  then,   iu  passing  from  tbe 


body  into  our  hand,  produces  the  sensation  of  heat.  If  the 
hand  and  the  body  it  touches  be  of  the  same  temperature,  or 
very  nearly  so,  we  receive  no  impression  of  either  heat  or  cold, 
because  there  is  no  motion  or  passage  of  caloric.  When  the 
thermometer  rises,  it  shews  that  the  free  caloric  is  entering 
into  the  surrounding  bodies.  The  thermometer,  which  is  one  of 
these,  receives  it  in  proportion  to  its  mass,  and  to  the  capacity 
which  it  possesses  for  containing  caloric.  Free  caloric  is  that 
which  is  not  combined  in  any  manner  with  any  body.  Hut  as 
we  li\e  in  a  system,  to  the  matter  of  which  caloric  has  a  very 
strong  affinity,  we  are  never  able  to  obtain  it  in  a  state  of 
absolute  freedom. 

Combined  Caloric  is  thatwhich  is  fixed  in  bodies  by  affinity, 
or  elective  attraction,  so  as  to  form  part  of  the  substance  of 
the  body. 

Specific  Caloric.  By  the  expression  of  specific  caloric  of 
bodies,  we  understand  the  respective  quantities  of  caloric 
requisite  for  raising  a  number  of  bodies,  of  the  same  weight,  to 
an  equal  degree  of  temperature.  This  proportional  iiuantity  of 
caloric  depends  upon  the  distance  between  the  constituent 
particles  of  bodies  and  their  greater  or  less  degree  of  cohesion  ; 
and  this  distance,  or  rather  the  space  or  void  resulting  from  it, 
is  called  the  capacity  of  bodies  for  containing  caloric.  Caloric 
is  the  cause  of  fluidity  and  of  vapour. 

Bodies  which  transmit  caloric  easily,  are  called  conductors 
of  caloric  ;  and  according  to  the  power  of  doing  this,  they  are 
termed  good  or  bad  conductors.  Those  wliich  do  not  transmit 
heat  at  all,  or  with  great  difhculty,  are  called  non-conductors. 
The  best  conductors  of  heat  are  metals,  and  the  best  non-con- 
ductors of  fluids  are  water  and  air.  Charcoal  is  also  con- 
sidered as  a  non-conductor.  Heat  is  produced  by  collision, 
friction,  chemical  ac^lion,  the  solar  rays,  electricity,  galvanism, 
&c.  The  instruiDents  for  measuring  its  intensity  are  called 
Pyrometers.     See  Fire. 

CALX,  lime,  but  a  dignified  title  for  any  powder  remaining 
after  burning  a  metal ;  and  because  in  burning  the  metal 
imbibes  oxygen,  and  the  powder  from  it  becomes  heavier  than 
the  metal  was  before,  all  metallic  calces  are  now-a-days  called 
oxides,  and  rust  is  also  an  oxide. 

CAMBLET,  a  stuff  made  of  wool,  hair,  or  silk,  and  some- 
times of  all  these  mixed. 

CAMBRIC,  a  species  of  linen  made  of  flax,  very  fine  and 
white,  deriving  its  name  from  Cambray,  in  France,  where  this 
cloth  was  first  made. 

CAMEL  is  the  name  given  to  a  machine,  employed  by  the 
Dutch  for  carrying  vessels  heavily  laden  over  the  sandbanks 
in  the  Zuyder-Zee.  In  that  sea,  opposite  to  the  mouth  of  the 
river  Y,  about  six  miles  from  the  city  of  Amsterdam,  there  are 
two  sandbanks,  between  which  is  a  passage  called  the  Pam- 
pus,  sufficiently  deep  for  small  vessels,  but  not  for  those  which 
are  large  and  heavily  laden.  On  this  account,  ships  which  are 
outward  bound  take  in  before  the  city  only  a  small  part  of 
their  cargo,  receiving  the  rest  when  they  have  got  through  the 
Pampus.  And  those  that  are  homeward  bound  must,  in  a 
great  measure,  unload  before  they  enter  it.  For  this  reason, 
the  goods  are  put  into  lighters,  and  in  these  transported  to  the 
warehouses  of  the  merchants  in  the  city ;  and  the  large  vessels 
are  then  made  fast  to  boats  by  means  of  ropes,  and  in  that 
manner  towed  through  the  passage  to  their  stations. 

Though  measures  were  adopted  so  early  as  the  middle  of  the 
sixteenth  century,  by  forbidding  ballast  to  be  thrown  into  the 
Pampus,  to  prevent  the  further  accumulation  of  sand  in  this 
passage,  that  inconvenience  increased  so  much  from  other 
causes  as  to  occasion  still  greater  obstruction  to  trade  ;  and  it 
at  length  became  impossible  for  ships  of  war,  and  others  heavily 
laden,  to  get  through  it.  About  the  year  1672  no  other  remedy 
was  known  than  that  of  making  fast  to  the  bottoms  of  ships 
large  chests  filled  with  water,  wliich  was  afterwards  pumped 
out ;  so  that  the  ships  were  buoyed  up,  and  rendered  sulliciently 
light  to  pass  the  shallow.  I5\  this  method,  which  was  atlended 
with  the  utmost  difficulty,  the  Dutch  carried  out  their  numerous 
fleet  to  sea  in  the  above-mentioned  year.  This  plan,  however, 
gave  rise  soon  after  to  the  invention  of  the  camel,  by  which 
the  labour  was  rendered  easier. 

The  camel  consists  of  two  half  ships,  constructed  in  such  a 
manner  that  they  can  be  applied  below  water,  on  each  side  of 
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tlie  hull  of  a  large  vessel.  On  the  deck  of  each  part  of  the 
camel  are  a  preat  many  horizontal  windlasses,  from  which 
ropes  proceed  throiigli  apertures  in  the  one  half,  and,  being 
carried  under  the  keel  of  the  vessel,  enter  similar  apertures  in 
the  other,  from  which  tliey  are  conveyed  to  the  windlasses  on 
its  deck.  When  they  are  to  be  used,  as  much  water  as  may 
be  necessary  is  sull'ered  to  run  into  them  ;  all  the  ropes  are 
cast  loo.se,  the  vessel  is  conducted  between  them,  and  large 
beams  are  placed  horizontally  through  the  port  holes  of  the 
vessel,  with  their  ends  resting  on  the  camel  on  each  side. 
When  the  ropes  are  made  fast,  so  that  the  ship  is  secured 
between  the  two  parts  of  the  camel,  the  water  is  pumped  fioin 
them,  by  whi.-!h  means  they  rise,  and  float  the  ship  with  them. 
Each  half  of  the  camel  is  about  130  feet  long,  and  22  lo  1.3 
feet  broad.  The  hold  is  divided  into  several  comparlmenis, 
that  the  machine  may  be  kept  in  equilibrio  while  the  water  is 
flowing  into  it.  A  vessel  drawing  15  feet  water,  can  be  made 
to  draw  only  1 1  by  the  camel ;  and  ships  of  war  of  100  guns, 
can  be  raised  to  pass  without  grounding  the  shallow  banks  of 
the  Zuyder-Zce.  The  Russians*  employ  similar  machines  to 
float  vessels  built  in  the  Neva,  over  the  intermediate  sand- 
banks.    Camels  are  also  used  at  Venice. 

CAMELOPARDALIS.  The  Camelopard  is  a  modern  con- 
.stellation,  that  has  been  formed  by  Hevelius.  Its  boundaries 
and  contents  are  :  north  by  the  pole  of  the  world,  east  by 
Ursa  Major  and  Lvnx,  south  by  I'erseus  and  Auriga,  and  west 
by  Perseus,  Cassiopeia,  and  Tarandus  ;  right  ascension  G8°, 
declination  70°  north.  It  consists  of  .08  small  stars,  live  of  the 
fourth  magnitude,  and  the  rest  smaller.  The  most  conspicuous 
star  is  nearly  on  the  Arctic  Circle,  on  the  near  hind  thigh. 
This  constellation  extends  from  Auriga  to  the  North  Pole,  by 
which  position  it  can  be  the  better  traced  in  the  heavens. 

CAMERA  LuciDA,  or  Liyht  Chamber,  a  contrivance  of  Dr. 
Hook,  to  make  the  image  of  any  object  ai)pear  on  a  wall,  in  a 
light  room,  either  by  day  or  nighl.  I)r.  Wollaston  has  recently 
invented  a  portable  instrument  for  drawing  in  perspective,  lo 
which  he  has  given  the  name  of  camera  lucic/a. 

Camera  Obscura,  or  Dark  Chamber,  in  Optics,  a  machine  or 
apparatus,  so  constructed,  that  principally  by  means  of  a  con- 
vex glass,  or  a  convex  glass  and  plane  mirror,  the  images  of 
external  objects  are  represented  on  a  rough  ground  plane 
glass,  white  paper,  or  other  surface,  in  the  most  vivid  and 
distinct  manner,  with  all  their  natural  colours,  motions,  &c. 

The  use  of  the  Camera  Obscura  is  various  :  it  assists  very 
much  in  explaining  the  nature  and  rationale  of  vision  ;  and 
hence  by  some  it  has  been  compared  to  an  artificial  eye.  It 
exhibits  the  most  striking  and  entertaining  representations  of 
objects  of  all  descriptions,  whether  near  or  distant,  in  their 
true  perspective  ;  the  colouring  just  and  natural,  tlieir  light  and 
shadows  correct,  and  all  their  motions  and  relative  positions 
according  to  the  original.  By  means  of  this  instrument,  a  per- 
son, however  unacquainted  with  drawing,  may  delineate  objects 
with  great  facility  and  correctness  ;  and  to  the  skilful  artist  it 
will  be  found  indispensably  useful  in  comparing  his  sketches 
with  the  perfect  representations  given  in  the  camera;  and  by 
observing  his  defective  imitations,  he  may  correct  as  much  as 
possible  his  designs. 

The  theory  of  the  Camera  Obscura  will  be  readily  compre- 
hended from  the  annexed  figure,  in 
which  the  object  A  B  radiates  through 
a  small  aperture,  C,  upon  a  white 
wall  opposite  to  it,  and  if  the  place 
of  radiation  behind  the  aperture 
i  C  o  be  dark,  the  image  of  the  object 
will  be  painted  on  the  wall,  in  an 
inverted  position ;  for  the  aperture 
C  being  very  small,  the  rays  issuing  from  the  point  B  will  fall 
on  b ;  those  from  points  A  and  1)  will  fall  on  a  and  tl ;  where- 
fore, since  the  rays  issuing  from  the  several  points  are  not  con- 
founded, they  will  by  rcllection  exhibit  its  appeal ance  on  the 
wall.  But  since  the  rays  A  C  and  B  C  intersect  each  other  in 
the  aperture,  and  the  rays  from  the  lowest  points  fall  on  the 
highest,  the  situation  of  the  object  will  of  necessity  be  inverted. 

•  It  was  introduced  into  Russia  by  Peter  llie  Great,  who  ohlained  tlie 
model  of  one,  when  he  worked  in  HoIUiid  as  a  common  ship-carpenter. 
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If  tlic  wall  where  the  object  is  delineated  he  parallel  to  it.  o  A  : 
A  H  :  :  rfC  :  DC,  that  is,  the  height  of  the  image  will  be  to 
the  height  of  the  object,  as  the  distance  of  the  image  from  the 
aperture  is  to  the  distance  of  the  object  from  the  same. 

To  construct  a  permanent  Camera  Obscura. — 1.  Darken  a 
chamber,  one  of  whose  windows  looks  into  a  place  set  with 
vaiious  objects;  leaving  only  a  little  aperture  open  in  one 
shutter.  2.  In  this  aperture  fit  a  lens,  either  plano-convex,  or 
convex  on  both  sides,  so  as  to  be  a  portion  of  a  large  sphere. 
3.  At  a  due  distance,  to  be  determined  by  experience,  spread 
a  paper,  or  white  cloth,  unless  there  be  a  white  wall  for  the 
purpose;  for  on  this  the  images  of  the  desired  objects  will  be 
delineated  invcrtedly.  4.  If  it  be  rather  desired  to  have  them 
appear  erect,  it  is  done  either  by  means  of  a  concave  lens 
placed  between  the  centre  and  the  focus  of  the  first  lens  ;  or 
by  receiving  the  image  on  a  plane  speculum  inclined  to  the 
horizon  under  an  angle  of  45°  ;  or  by  means  of  two  lenses 
included  in  a  drawtube,  in  lieu  of  one. — Sole.  If  the  aperture 
do  not  exceed  the  size  of  a  pea,  the  objects  will  be  represented, 
even  though  no  lens  be  used. 

That  the  images  be  clear  and  distinct,  it  is  necessary  that  the 
objects  be  illuminated  by  the  sun's  light  shining  upon  them 
from  the  opposite  quarter ;  so  that,  in  a  western  prospect,  the 
images  will  be  best  seen  in  a  forenoon ;  an  eastern  pros- 
pect, the  afternoon;  and  a  northern  prospect,  about  noon:  a 
southern  prospect  is  the  least  eligible  of  any.  But  the  best  way 
is  to  have  the  lens  fixed  in  a  proper  frame,  on  the  top  of  a 
building,  and  made  to  move  easily  round  in  all  directions,  by  a 
handle  extended  to  the  person  who  manages  the  instrument; 
the  images  being  then  thrown  down  into  a  dark  room  imme- 
diately below  it,  upon  a  horizontal  round  plaster  of  Paris 
ground  :  for  thus  a  view  of  all  the  objects  quite  around  may 
easily  be  taken  in  the  space  of  a  few  minutes;  as  is  the  case 
of  the  excellent  Camera  Obscura  placed  on  the  top  of  the 
royal  observatory  at  Greenwich,  and  with  a  very  good  one 
made  by  Holroyd  of  Leeds,  in  which  the  images  are  received 
on  a  table  of  more  than  six  feet  diameter. 
A  very  simple  portable  Camera  Obscura  is  represented  in 
y^  F  K         the  annexed  figure.     A  BCD 

is  a  small  rectangular  box, 
its  length  being  aliout  20  or 
24  inches,  and  its  breadth 
about  10  inches.  This  box  is 
closed  on  all  sides,  except 
the  space  EFGD,  which  is 
covered  with  a  piece  of  ground 
glass,  or  transparent  paper. 
In  the  other  end,  A  R,  is  a  moveable  tube,  L,  «itli  a  proper 
lens,  and  K  I  H  D  is  a  plane  reflecting  rairror(sct  at  an  angle  of 
4.j°)  which  intercepts  the  rajs  Pp.  Qq,  &c.  proceeding  from 
the  object  PQ,  which  are  thence  reflected  upon  the  transparent 
skrcen  ETC  I),  where  the  image  of  the  object  will  be  painted 
in  its  natural  colours,  but  in  an  inverted  position,  as  Q  P  ; 
which,  however,  may  be  obtained  erect,  by  the  introduction  of 
proper  lenses  in  the  tube  L. — Sale.  That  a  shade  is  necessary 
to  keep  ofl'  the  external  light  from  the  skrcen  E  F  O  D,  which 
is  commonly  ellcctcd  by  having  the  box  covered  with  a  hori- 
zontal lid,  under  which  are  two  wing.s  which  open  at  right 
angles  to  each  side  of  it.  Various  other  forms  are  given  to 
this  instrument. 

CAMP,  the  ground  on  which  an  army  pitch  their  tents.  The 
Roman  camp  was  a  square,  fortified  uith  a  ditch  and  parapet, 
and  sometimes  with  walls  of  hewn  stone,  the  tents  thejiisehcs 
being  formed  of  the  same  material. 

C\MPH()R.\,  or  CAMriiiKK,  a  solid  concrete  substance 
extracted  from  the  wood  of  the  lauru-t  camplwrn.  is  white,  pel- 
lucid, unctuous  to  the  touch,  of  a  bitter  aromatic  taste,  and 
smells  like  rosemary.  As  a  medicine,  it  is  usri'ul  in  fevers, 
and  all  malignant  distempers.  From  experiments  on  brutes, 
camphire  is  proved  to  be  poisonous. 

C.VMUS,  Charli;s  Stephen  Lewis,  a  celebrated  French 
malhematicia-n,  born  at  Cressey  in  Brie,  .\ugust  23,  1C99;  died 
17(;rt,  in  the  sixty-ninth  year  of  his  age. 

CVN-iVL,  an  artificial  cavity  In  the  earth,  filled  with  water,  to 
afl'ord  an  easy,  speedy,  and  cheap  conveyance  of  goods,  &.c.  ia 
boats  and  vessels,  from  one  part  of  a  country  to  another. 
2o 
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Numerous  circumstances  contribute  to  facilitate  or  re- 
tard operations  in  canal-making  ;  as,  the  situation  and  cha- 
racter of  the  ground  and  country,  the  vicinity  and  connex- 
ion of  rivers.  But  the  great  husiness  is  tlie  construction  of  the 
Locks,  or  Basons,  lined  with  walls  of  masonry,  and  built 
where  the  ground  is  hilly.  The  principle  of  a  lock  is  this: 
Suppose  a  declivity  of  10  feet  in  a  length  of  oO  yards  of  ground. 
Then  we  must  construct  a  bason,  with  a  flood-gate,  so  that 
wlien  filled  with  water  from  above,  it  may  permit  the  vessel  to 
pass  on  along  the  upper  channel  of  the  canal.  A  fall  of  17  feet 
would  require  two  locks;  a  fall  of  26  feet,  three  locks,  each 
having  8  feet  8  inches  fall.  Al!  these  operations  proceed  on 
the  principle  of  continuing  levels  to  given  points,  and  by  arti- 
ficial means  floating  a  boat  some  8  feet  perpendicularly,  when 
we  cannot  proceed  further  with  the  level,  in  order  that  she  may 
swim  in  another  superior  level,  and  vice  versa. 

The  Form  of  Locks,  should  approach  as  nearly  as  possible  to 
the  figure  of  the  boats  that  are  to  navigate  them.  The  width 
must  only  exceed  that  of  the  boat  by  a  space  sufficient  to  work 
the  gates.  A  rectangle  is  therefore  the  most  natural  figure, 
because  it  consumes  the  smallest  quantity  of  water,  is  filled 
and  emptied  in  the  shortest  time,  and  is  constructed  at  the 
least  expense. 

The  Length,  Depth,  and  Breadth  of  Locks,  ought  also  to  be 
regulated  by  the  form  of  the  boats,  which  are  generally  long 
and  narrow,  with  flat  bottoms.  Narrow  lock-gates  are  more 
easily  worked  than  broad  ones,  and  narrow  boats  are  more 
easily  drawn  than  those  which  are  wider  and  shorter. 

Reservoirs  or  Basins,  must  be  resorted  to  wherever  a  double 
lockage  is  unavoidable,  from  undulations  in  the  line  of  naviga- 
tion. These  basins  should  collect  the  flooded  wafers  from  an 
ample  surface  of  country,  and  be  so  high  as  to  enable  all  the 
water  they  contain  to  be  drawn  into  the  summit  of  the  canal. 
They  should  contract  towards  their  lower  extremity,  so  as  to 
require  a  comparatively  short  embankment  or  head,  which 
should  be  placed  upon  a  substantinl  foundation.  Reservoirs 
must  not  leak.  The  dimensions  of  their  embankments  must  be 
regulated  by  the  nature  of  the  materials. 

For  the  theory  and  practice  of  Canal  Cutting,  with  Plans  of 
Locks  on  the  most  celebrated  canals,  see  Inland  Navigation. 

Canal  Embankment. — Since  the  pressure  of  any  fluid  is 
proportional  merely  to  the  depth  below  the  surface,  the  strain 
borne  by  a  .sluice  on  the  sides  of  a  canal  must  increase  uni- 
formly from  the  top  to  the  bottom.  The  centre  of  pressure  is 
hence  not  in  the  middle,  but  at  one-third  of  the  entire  altitude. 
To  this  point,  therefore,  if  more  strength  be  wanted,  the  addi- 
tional prop  should  be  applied. 

If  water  be  confined  in  a  canal  or  basin  by  a  wall  or  em- 
bankment, the  thickness  of  the  dike  must  increase  regularly  in 
proportion  to  its  depth.  The  adhesion  of  any  materials,  or 
their  resistance  to  a  horizontal  thrust,  may  be  estimated  as  a 
certain  proportion  of  their  weight,  commonly  the  half  or  the 
third  part.  Let  A  B  be 
the  height  of  the  wall,  and  a 

make  its  density  to  three 
times  that  of  water,  as  A  B 
to  BC,  and  join  AC,  which 
will  represent  the  proper 
slope.    If  the  dike  be  com- 
posed of  stones  or  bricks, 
the  base  B  C  must  be  at 
least  equal  to  the  altitude  _ 
A  B  ;   but  if  it  consists  of  ~ 
earth,  B  C  should  be  one 
half  more.    When  the  em- 
bankment is  formed  of  earth,  its  side  must  not  be  perpendi- 
cular ;  it  should   form  an   inclined    plane,   not  exceeding  35 
degrees,  or  the  angle  of  repose,   lest  the  softened  parts  should 
slide  down  ;  the  outside,  being  more  solid,  may  be  steeper. 

The  Construction  of  Locks  or  Flood  (rates.  — In  canal  naviga- 
tion, a  boat  is  raised  from  a  lower  to  a  higher  level  by  a  series 
of  locks,  a  portion  of  the  water  somewhat  exceeding  the  length 
of  the  vessel  being  enclosed  at  the  sides  by  walls,  and  at  both 
ends  by  masonry,  and  opposite  floodgates.  As  soon  as  it 
passes  these  gates,  they  are  shut  behind  it ;  and  a  small  lateral 
or   superior  sluice   being  opened,  the  water  rushes  into  the 


enclosure,  and  quickly  mounts  to  the  higher  level,  thus  enabling 
the  vessel  again  to  proceed.  A  similar  operation  is  performed 
at  each  successive  lock.  In  descending  the  canal,  the  pro- 
cedure is  exactly  reversed,  the  water  contained  in  the  series  of 
enclosures  being  allowed  to  flow  out,  and  thus  lower  by  degrees 
the  level  of  the  boat. 

The  flood-gates  are  contrived  to  shut  at  a  certain  angle.  If 
this  angle  be  very  acute,  they  sustain  too  great  a  pressure,  and 

yet  close  feebly.  Let  A  C 
and  B  C  represent  the 
flood-gates  of  a  canal, 
which  are  opened  by  help 
of  the  extended  arms  AE 
and  B  F.  When  shut,  the 
gate  A  C  is  pressed  at  right 
angles  by  the  water,  with 
a  force  as  .\C  itself,  which, 
from  the  principle  of  the 
lever,  must  exert  a  per- 
pendicular effort  at  the  end 
C,  as  the  square  of  A  C.  The  thrust  thence  produced  in  the 
direction  A  B  will  be  as  A  C  x  CD,  and  will  encounter  an  equal 
and  opposite  thrust  from  the  gate  B  C.  These  two  forces  con- 
stitute the  power  w  hich  closes  the  gates.  The  force  with  which 
they  are  made  to  cohere,  thus  increasing  with  AC  and  CD, 
must  augment  rapidly  when  the  angles  B  A  C  and  ABC  are 
enlarged,  or  their  mutual  inclination  A  C  B  becoraesdiminished. 
If  the  angle  A  C  B  were  very  obtuse,  those  conjoined  gates 
would,  like  a  low  roof,  occasion  a  great  thrust  against 
the  walls  of  the  canal,  or  the  centres  of  the  gates  at  A  and  B. 

AC'  X  AD 

The  thrust  in  the  direction  C  A  might  be  shown  to  be tttt • 

It  will  hence  be  easy  to  determine  the  angle  A  C  B,  with  the 
centres  of  the  flood-gates  which  suffer  the  smallest  strain  ;  for 

A  C= 
A  C  being  constant,  „  .  must  be  a  minimum.  But  this  quan- 
tity is  evidently  the  diameter  of  a  circle  circumscribing  the 
triangle  A  C  B  ;  and  since  the  least  circle  is  that  described 
about  the  point  C,  the  angle  A  C  B,  at  which  the  gates  lock, 
should  be  a  right  angle. 

CANCER,  the  Crab,  q~,  is  the  first  of  the  summer  signs, 
which  the  sun  enters,  according  to  the  fixed  zodiac  of  the  astro- 
nomers, on  the  21st  of  June,  introducing  the  first  day  of  sum- 
mer, and  the  lougest  day  in  the  northern  hemisphere, — the 
middle  of  day  at  the  north  pole,  and  the  middle  of  night  at  the 
south  pole.  Agreeably  to  the  moveable  zodiac  of  nature,  the 
sun  enters  this  sign  iuly  the  19th.  The  sun,  on  June  21st,  is 
at  his  greatest  north  declination,  and  is  vertical  to  the  tropic 
of  Cancer.  The  earth,  at  this  season,  has  entered  Capricorn, 
and  the  sun  is  intermediate  between  the  earth  and  the  Celestial 
Crab.  And  on  this  account  the  north  pole,  which  has  now  its 
greatest  inclination  to  the  sun,  enjoys  perpetual  day.  The 
tropic  of  Cancer  is  in  the  light  from  .0  in  the  morning  till  7  at 
night ;  the  parallel  of  London  from  a  quarter  before  4  till  a 
quarter  after  8,  and  the  polar  circle  just  touches  the  dark,  so 
that  the  sun  has  only  the  lower  half  of  his  disk  hid  from  the 
iidiabitants  on  that  circle,  for  a  few  minutes,  about  midnight. 
Thus  do  we  account  for  summer  in  the  northern  regions  of  the 
earth. — The  boundaries  and  contents  of  this  constellation  are  : 
ou  the  north  by  Lynx,  east  by  Leo,  south  by  Hydra,  and  west 
by  Gemini.  There  are  83  stars  in  this  sign,  riz.  seven  of  the 
4th  magnitude,  and  the  remainder  of  inferior  magnitudes. 
a  Canceris,  near  the  eastern  extremities  of  the  great  southern 
claw,  having  12°  31'  6"  north  declination,  and  1.32°  &  20"  of 
right  ascension,  rises  nearly  E.N.E.  at  London,  and  rises  and 
culminates  as  follows  :  Meridian  Altitude,  51°  0'  6". 


Month. 

Jan. 

Feb. 

Mar. 

April 

M;iy 

J  una 


Rises 
Iio.  mi. 
7  14    . 
4  .'>0 
3  10    . 
1    1.1 


11  20  M. 
0     7   M. 


COLM. 

Month. 

ho.  mi. 

2     0  M. 

July 

11  50    A. 

Aug. 

10  10    A. 

Sept. 

8  15    A. 

Oct. 

6  30    A. 

Nov. 

4   15  M. 

Deo. 

Risrs.      1 

ho. 

nil. 

7 

0 

M. 

5 

0 

M. 

3 

5 

M. 

1 

1.1 

M. 

11 

25 

A. 

9 

20 

A. 

Culm. 
ho.  mi. 

2  15  A. 
12  10  A. 
10   10  M. 

8  15  M 

G  20  M. 

4  20  U. 
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CANDY,  or  Sugar  Candy,  is  su<;ar  melted  and  crystallized 
six  or  seven  times  over,  till  it  is  rendered  hard  and  transparent. 

CANES  Venatici,  the  Hounds  or  Greyhounds,  a  northern 
constellation.  These  two  dogs  are  farlher  distinguished  by  the 
names  Asterion  and  China. 

CANICULAR,  the  name  formerly  given  to  the  constellation 
Canis  Major;  and  the  same  was  also  sometimes  applied  to  the 
star  Sirius,  whence  the  Canicular  Dai/s. 

Canicular  Days,  or  Dog-Days,  denote  properly  a  certain 
number  of  days  which  precede  and  follow  the  heliacal  rising  of 
Canicular,  or  the  Dog-star,  in  the  morning  ;  which  were  formerly 
the  days  of  the  greatest  heat.  The  ancients  imagined  that  this 
star,  rising  as  above,  was  the  cause  of  the  hot  sultry  weather 
common  at  that  season,  as  well  as  of  the  distempers  which 
usually  followed  them,  and  somewhat  of  a  similar  notion  still 
prevails  in  many  of  the  remote  parts  of  this  country,  even  to 
the  present  day.  The  dog-days  were  commonly  reckoned  at 
about  forty  ;  viz.  twenty  before,  and  twenty  after  the  heliacal 
rising  of  Sirius  ;  and  in  the  almanacks,  were  usually  accounted 
absolutely  from  this  circumstance,  which  in  coMset|uence  of 
the  precession  of  the  equinoxes  brought  them  into  the  months 
of  June  and  July,  instead  of  July  and  August:  an  alteration, 
however,  has  been  made  in  this  respect  within  a  few  years  ; 
and  they  are  now,  without  any  regard  to  the  rising  of  Sirius, 
accounted  from  July  3  to  August  U;  these  being  considered 
the  hottest  days  of  the  year. 

Canicular  Year,  denotes  the  Egyptian  natural  year;  which 
was  computed  from  one  heliacal  rising  of  Canicular  to  another. 

CANIS  MAJOR,  the  Great  Dog,  a  constellation  in  the 
heavens,  is  fabled  to  have  been  one  of  Orion's  hounds  ;  the 
other  was  Canis  IMinor ;  for  Orion,  Bootes,  and  Sagittarius 
were  denominated  Hunters  among  the  constellations  :  but  some 
writers  of  ancient  story  tell  us,  that  the  sagacious  Majra,  nhicli 
discovered  to  Erigone  the  burial  place  of  her  murdered  father 
Icarius,  was  changed  into  one  of  the  celestial  dogs.  The  true 
account  of  Canis  Major,  and  which  has  obtained  the  credence 
of  mankind,  is,  that  it  represents  the  Egyptian  god  Anubis. 
The  people  of  Egypt  judged  of  the  swelling  of  the  Nile  by  the 
rising  of  the  brilliant  in  this  constellation,  and  hence  they 
represented  it  by  the  figure  of  a  dog,  this  animal  being  the  most 
watchful  and  faithful  of  the  brute  creation.  The  Dog  Star, 
Latrator  Anuhis,  is  vertical  on  the  3()th  of  June,  when  the  Nile 
overflows.  Indeed,  Canis  Major  seems  to  have  had  the  same 
relation  to  the  Nile  that  Cerberus  had  to  the  sun  ;  and  Porphy- 
ry, who  was  well  versed  in  the  mythology  of  tlic  ancients,  says, 
Cerberus  was  described  with  three  heads,  in  reference  to  the 
rising,  the  meridian  altitude,  and  the  setting  of  the  sun.  The 
triple  bust  of  the  Hindu  deity  exhibits  to  us  in  one  compound 
figure  an  hieroglyphic  of  the  solar  god,  having  a  perfect  resem- 
blance to  Cerberus.  At  night,  and  in  the  west,  the  sun  is  Vish- 
Ttoii ;  he  is  Brahma  in  the  east,  and  in  the  morning;  from  noon 
to  evening  he  is  Seeva. — The  boundaries  and  contents  of  this 
constellation  are  :  on  the  north  by  Monoceros.  cast  and  south 
by  Argo  Navis,  and  west  by  Columba  Noachi  and  Lepus.  In 
this  constellation  there  are  sixty-four  stars,  of  which  the  bril- 
liant Sirius  is  of  the  1st  magnitude,  two  of  the  'id,  four  of  the 
3d,  four  of  the  4th,  &c.  Sirius  in  size  and  colour  resembles 
the  planet  Jupiter  more  than  any  of  the  other  fixed  stars,  and 
lias  thence  been  supposed  to  be  nearer  our  earth  than  Arcturus, 
Capella,  Vega,  Spica,  or  Aldebaran.  The  rinht  ascension  of 
Sirius  for  1820  was  99°  18'  10";  and  the  declination  10°  28'  11" 
south.  It  rises  at  London  on  the  S.  E.  by  E.  J  E.  point  of  the 
compass  nearly;  and  rises  and  culminates  as  in  the  following 
table,  for  the  1st  of  every  month  :  Meridian  Altitude  22°  9'  49". 


ONTH. 

RiSF.S. 

Culm. 

Month. 

nisEs. 

Culm. 

ho.  Bii. 

Iin.  mi. 

bo.  mi. 

ho.  mi. 

Jnn. 

7  28    A. 

11  49    A. 

July 

7   18  M. 

11   53  M. 

Fell. 

a     5    A. 

9  37    A. 

Aag. 

5  10  M. 

9  22   M. 

Mar. 

3  27    A. 

7  48   A. 

Sept. 

3  24  M. 

7  54   M. 

April 

I   2r,    A. 

5  55    A. 

Oct. 

1  38  M. 

6     0  M. 

May 

11   27  M. 

4     4    A. 

Not. 

U  40    A. 

4   10  M. 

June 

9  27   M. 

2     2    A. 

Dec. 

9  42    A. 

2     G  M. 

CANIS  MINOR,  the  Little  Dog,  is  said  to  be  the  tvpe  of 
one  of  the  beagles  in  Orion's  pack,  or  it  is  from  the  kennel  of 
Boiites,  or  it  is  the  sagacious  cur  y'clcped  Masra.     The  star 


Procyon,  in  Canis  Minor,  comes  to  the  meridian  about  50  mi- 
nutes later  than  Sirius,  but  it  rises  to  Egypt  at  the  same  time 
with  the  brilliant  in  the  Great  Dog,  but  36 degrees  further  east. 
Now,  whoever  attends  to  the  observations  made  by  the  ancients 
upon  Sirius,  must  be  satisfied  that  Procyon  had  its  boundaries 
assigned  from  its  being  an  attendant  of  the  Great  Dog.  so 
famous  in  all  that  regarded  the  rising,  overflowing,  and  decrease 
of  the  Nile.  The  Egyptians  have  introduced  the  astronomical 
symbols  in  pairs  ;  thus  we  have  two  rivers,  two  serpcnis,  two 
bears,  two  fishes,  &c.  ;  and  there  is  very  strong  collateral 
evidence  to  prove  that  their  whole  territory  was  partitioned 
out  agreeably  to  those  symbols.  With  respect  to  the  svmbol 
before  us,  there  seems  liMle  doubt  that  Canis  Minor  rising  in 
conjunction  with  the  Great  Dog,  but  coming  later  to  the  meri- 
dian, as  if  assigning  the  other  the  point  of  honour,  and  then 
declining  in  the  west  above  an  hour  later  than  its  companion, 
was  a  fit  emblem  of  that  fidelity  which  Latrator  Anubis  v us 
feigned  to  evince  towards  Isis  and  Otiris.  One  of  the  celestial 
dogs  may  thence  have  reference  to  the  arhite  worship,  and  the 
other  to  the  solar  superstition. — The  boundaries  and  contents  of 
Canis  Minor  are :  on  the  north  by  Gemini,  east  by  Hydra,  and 
south  and  west  by  Monoceros.  There  are  fourteen  stars  in 
this  constellation,  according  to  the  Rritannic  Catalogue,  riz. 
one  of  the  1st  magnitude,  one  of  the  2(1,  one  of  the  -Ith,  ttc. 
a  Procyonis,  of  the  1st  magnitude,  in  Canis  Minor,  rises  at 
London,  on  the  east  by  north  point  of  the  compass  nearly;  its 
declination  north  is  5°  AiH,  and  its  right  ascension  112°  27'  53". 
It  rises  and  culminates  on  the  first  day  of  each  month,  as 
follows:  Meridian  Altitude  44'  15". 


Month. 

Jan. 

Feb. 

Mar. 

April 

May 

June 


Rises. 
lio.  mi. 

7  15  A. 
5  2  A. 
3   15   A. 

12  20  M. 
10  15  JI. 

8  20  M. 


Cl'LM. 
ho.  mi. 
12  41    A. 
10  33   A. 

8  41    A. 

6  47   A. 

4  .56   A. 

2  58   A. 


MOHTU. 

July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 


R 

ISES.      1 

ho. 

mi 

6 

20  M.  1 

4 

15 

M. 

2 

17 

M. 

0 

30  M.  1 

10 

35 

A. 

8 

27 

A. 

Cl'LM. 
ho.  mi. 
12  50  M. 
10  42  M. 

8  40  M. 

G  58  M. 

5     2  M. 

2  59  M. 


The  situation  of  a  (Procyon)  is  easily  found  when  it  is  above 
the  horizon  at  night,  for  it  always  forms  a  triangle  with  Betel- 
geux,  Rigel,  and  Sirius  ;  and  it  conies  to  the  meridian  about 
four  minutes  after  Castor,  and  about  one  minute  before  Pollux. 

C.4NNON.  a  military  engine  for  throwing  ball,  first  used  in 
the  battle  of  Cressy,  in  1346,  by  king  Edward;  or,  mounted  in 
battery  on  the  decks  of  ships,  to  fire  balls  on  other  ships. 

The  principal  parts  of  a  cannon  are,  1st.  The  breech,  and 
its  button  or  cascabel,  called  by  seamen  the  pomelion.  The 
breech  is  generally  understood  to  be  the  solid  metal  from  the 
bottom  of  the  concave  cylinder  to  the  cascabel,  which  is  the 
extremity  of  the  cannon  opposite  to  its  muzzle.  2d.  The 
trunnions,  which  project  on  each  side  like  arms,  and  serve  to 
support  the  cannon  near  the  middle  of  its  length,  holding  it 
almost  in  equilibrio.  As  the  metal  is  thicker  at  the  breech 
than  towards  the  mouth,  the  trunnions  are  placed  nearer  to 
that  end  than  the  other.  3d.  The  bore  or  caliber  is  the  interior 
or  concave  cylinder,  wherein  the  powder  and  shot  are  lodged 
when  the  cannon  is  charged  or  loaded.  The  entrance  of  the 
bore  is  called  the  mouth  or  muzzle.  The  other  parts  are  as 
follow:  The  length;  the  1st  reinforce;  the  2d  reinforce;  the 
chase  ;  the  vcnllicld  ;  the  chase  girdle  ;  the  breech  mouldings; 
the  swelling  of  the  muzzle  ;  the  base  ring  and  ogee;  the  vent 
astragal  and  fillets;  the  1st  reinforce  ring  and  ogee  :  the  2d 
ditto,  ditto  ;  the  chase  astragal  and  fillets;  the  muzzle  ditto, 
ditto  ;  the  muzzle  mouldings;  the  swelling  of  the  muzzle. 

The  diameter  of  the  ball  is  always  somewhat  less  than  the 
bore  of  the  piece,  that  it  may  be  discharged  with  the  greater 
ease,  and  not  damage  the  piece  by  riibbiiigit  too  forcibly  in  its 
passage,  and  the  dill'erencc  betwVen  these  diameters  is'  called 
the  windage  of  the  cannon.  The  length  of  any  cannon  is 
always  reckoned  from  the  hind  part  of  the  base  riiie.  or  begin- 
ning of  the  cascabel,  to  the  extremity  of  the  muzzle.  The 
second  reinforce  begins  at  the  same  circle  w  here  the  first  ter- 
minates, and  the  chase  at  the  same  circle  where  the  second 
reinforce  ends. 

The  first  reinforce,  therefore,  includes  the  base  ring,  the 
ogee  nearest  thereto,  the    vent-field,    the    vent-astragal,    and 
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first  reinforce  ring.  The  second  reinforce  contains  the  ogee 
next  to  the  (jist  reinforce  ring,  and  the  second  reinforce  rinp. 
The  chase  comprehends  the  oo:ee  nearest  to  the  second  rein- 
force ring  ;  tiie  chase  girdle  and  astragal,  and  the  muzzle  and 
astragal.  The  trunnions  are  always  placed  on  the  second 
reinforce,  so  that  the  breech  part  of  the  cannon  may  weigh 
something  more  than  the  muzzle  part,  to  prevent  the  piece 
from  starting  up  behind  when  it  is  fited. 

A  variety  of  experiments  made  with  great  care  and  accuracy, 
prove  that  the  powder,  when  on  lire,  possesses  at  least  4000 
limes  more  space  than  when  in  grains.  Therefore,  if  we  sup- 
pose that  the  quantity  of  powder  with  which  a  cannon  is 
charged,  possesses  one-fourth  of  a  cubical  foot  in  grain,  it  will, 
when  on  lire,  occupy  the  space  of  aliout  1000  cubical  feet.  The 
same  experiments  evince  also,  that  the  powder,  when  inflamed, 
is  dilated  equally  round  ils  centre.  One  grain  of  ponder  fired 
in  the  centre  of  dillerent  concentric  circles,  round  which  grains 
of  powder  are  placed,  shall  therefore  set  lire  to  all  those 
grains  at  once.  From  this  principle,  it  necessarily  follows, 
that  powder  when  fired  in  a  cannon,  makes  at  the  same  instant 
an  equal  ellort  on  every  part  of  the  inside  of  the  piece,  in  order 
to  expand  itself  about  its  centre  every  nay.  But  as  the 
resistance  from  the  sides  of  the  piece  turns  the  action  of  the 
powder  so  as  to  follow  the  direction  of  the  bore  of  the  cannon, 
when  it  presses  upon  the  ball,  so  as  to  force  it  outwards,  it 
presses  also  on  the  breech  of  the  cannon,  and  this  gives  the 
piece  a  motion  backwards,  that  is  called  the  recoil,  which  is 
restrained  by  the  breeching,  and  the  convexity  of  the  decks. 
The  recoil  in  some  degree  diminishes  the  action  of  the  powder 
upon  the  shot.  But  this  cannot  be  avoided  ;  for  if  the  carriages 
were  fixed  so  as  not  to  give  way  to  this  motion,  the  action  of 
the  powder,  or  the  elVort  that  causes  the  recoil,  would  tear 
them  to  pieces  in  a  very  short  time. 

The  metal  of  the  cannon  is  not  equally  thick  in  all  parts,  but 
is  in  some  measure  proportioned  to  the  force  of  the  powder 
which  it  is  to  resist.  At  the  breech,  where  the  ellort  is  strong- 
est, the  thickness  of  the  metal  is  equal  to  the  diameter  ot  the 
■*  corresponding  shot.  At  the  first  reinforce,  when  this  begins 
to  slacken,  the  thickness  is  somewhat  less  than  at  the  breech ; 
at  the  second,  where  the  force  is  still  further  diminished,  the 
thickness  is  more  reduced  than  at  the  first;  and  by  the  same 
rule,  the  chase  has  less  thickness  than  the  second  reinforce. 
The  thickness  of  the  chase  giadually  diminishes  from  the  trun- 
nions to  the  mouth  of  the  piece  ;  so  that  if  a  cannon  was  with- 
out a  cascabel,  trunnion,  and  n.ouldings,  it  would  exactly 
resemble  the  frustum  of  a  cone,  or  a  cone  deprived  of  the 
small  end. 

Cannons  are  charged  by  putting  down  into  the  bottom  first 
a  quantity  of  powder,  one-third  or  one-half  the  weight  of  the 
ball.  This  is  done  with  an  instrument  termed  a  ladle,  which 
is  a  kind  of  cylindrical  spoon,  generally  made  of  copper,  and 
fixed  to  the  end  of  a  stafl:  called  its  handle.  Upon  the  powder 
is  put  in  a  wad  of  rope  yarn,  formed  like  a  ball,  which  is 
pressed  down  upon  the  powder  with  an  instrument  called  a 
rammer  ;  upon  this  wad  is  put  the  ball  or  shot,  and  to  secure  it 
in  its  proper  place,  another  wad  is  firmly  pressed  down  upon 
it,  which  operation  is  called  ramming  home  the  wad  and  shot. 
The  touch-hole  of  the  piece  is  then  tilled  with  pov^der,  from  the 
upper  part  of  which  a  little  train  is  laid  that  conununicates  with 
it.  The  use  of  this  train  is  to  prevent  the  explosion  of  the 
powder  from  operating  directly  upon  the  instrument  employed 
to  fire  the  piece,  which,  in  that  case,  might  be  forced  out  of 
the  hand  of  the  gunner. 

In  the  modern  pieces,  a  little  gutter  or  channel  is  framed  on 
the  upper  part  of  the  bvecch,  to  prevent  the  train  from  being 
dispersed  by  the  wind.  This  channel  reaches  from  the  touch- 
bole  to  the  base  ring. 

The  cannon  being  pointed  to  its  object,  or  the  place  it  is 
intended  to  strike,  the  train  is  fired,  and  the  flame  immediately 
conveyed  to  the  powder  in  the  touch-hole,  by  w  liich  it  is  further 
communicated  to  that  in  the  piece.  The  powder  being  kindled, 
immediately  expands,  so  as  to  occupy  a  much  greater  space 
than  when  in  grains,  and  thus  dilated,  it  makes  an  effort  on 
every  side  to  force  itself  out.  The  ball  making  less  resistance 
than  the  sides  of  the  piece,  upon  which  the  powder  presses  at 
the  same  time,  is  driven  lut  by  its  whole  ellort,  and  acquires 


that  violent  motion  which  is  well  known  to  the  world.  After 
firing,  there  is  a  sponge  used  to  clean  the  piece,  and  extinguish 
any  sparks  that  may  remain  behind.  In  the  land  service,  the 
handle  of  the  sponge  is  a  long  wooden  statf;but  in  ships  of  war, 
this  handle,  which  usually  contains  the  rammer  at  its  other 
end,  is  a  piece  of  rope  well  sliflened  by  spun-yarn,  which  is  for 
this  purpose  firmly  wound  about  it.  By  this  convenience  the 
rammer  becomes  flexible,  so  that  the  piece  is  charged  within 
the  ship,  as  the  person  who  loads  it  may  bend  and  accommo- 
date the  length  of  the  rammer  to  the  distance  between  the 
muzzle  and  the  ship's  side;  being  at  the  same  time  sheltered 
from  the  enemy's  musketry,  to  which  he  would  be  exposed,  in 
using  a  wooden  raiimier  without  the  ship.  To  sponge  a  piece, 
therefore,  is  to  introduce  this  instrument  into  the  bore,  ancl 
thrusting  it  home  to  the  further  end  thereof,  to  clean  the  whole 
cavity. 

The  worm,  of  which  there  are  different  kinds,  is  used  to  draw 
the  charge  when  necessary.  The  bit,  or  priming-iron,  is  a  kind 
of  large  needle,  whose  lower  end  is  formed  into  a  gimblet, 
serving  to  clear  the  inside  of  the  touch-hole,  and  render  it  fit 
to  receive  the  prime.  The  lint-stock  is  a  kind  of  stafl',  about 
three  feet  long,  to  the  end  of  which  a  match  is  occasionally 
fastened  to  fire  the  piece. 

The  following  is  Mr.  Robin's  scheme  for  augmenting  the 
force  of  the  present  sea-batteries,  on  this  plain  principle — that 
all  ship-guns  should  be  cast  U|;on  the  model  of  the  32-pounders, 
measuring  by  the  diameter  of  the  respective  bullet ;  so  that  for 
each  pound  of  bullet  there  should  be  allowed  one  hundred  and 
two-thirds  of  metal  only.  The  advantages  of  this  scheme  will 
appear  by  the  following  comparison  of  the  weight  of  the 
present  pieces,  with  their  weight  proposed  by  this  new  fabric. 

Poonders.  Weight  now  in  HuD<lreds.  Weight  by  New  Fabric. 

24  48     to     46   40 

18   41     to     39   30 

12 34     to     31   20 

9   29     to     26  15 

6  34     to     IS   10 

Hence  it  appears  that  the  24-pounders  will  be  eased  of  6  or 
8cwt.  of  useless  metal;  and  instead  of  guns  of  inferior  caliber 
now  used,  much  larger  ones  of  the  same  weight  may  be  borne, 
especially  w  hen  it  is  remembered  that  this  computation  exceeds 
even  the  present  proportion  of  the  32-pouudeis  ;  so  that  from 
the  above  projected  18-pouiiders,  for  instance,  2  or  300  weight 
may  he  safely  taken.  The  changes  then  proposed  by  the 
author  are  these  :  — 

Pounders.  Hundreds.  Pounders.  Hundieds. 

For*    " 29and2f>f     xjg^^    J  ,g  28  V 

*"'   Jl'-i 34  and  31^     ^^''  ):,l tU 

K\8 41  and  39)  V"^ ^') 

The  nine-pounders  lately  cast,  being  still  lighter  than  what  is 
here  represented,  they  may,  perhaps,  be  oidy  transformed  into 
12-pounders  ;  but  this  w  ill  be  a  very  great  addition  of  strength, 
and  the  12-pounders  thus  borne,  will  be  considerably  lighter 
than  the  smallest  nine-poundcrs  now  in  use.  The  weight  of 
the  present  three-pounders  is  not  icmcmbered  exactly  by  the 
author,  but  he  doubts  not  that  they  are  heavier  than  the  pro- 
posed six-ponnders,  and  may  therefore  be  changed  for  them. 
.\nd  the  author  believes,  that  one-fourth  or  one-fifth  of  the 
weight  of  the  bullet  in  powder,  if  properly  disposed,  is  abund- 
antly suificient  for  every  species  of  ship's  guns. 

Boring  CANNON.  (See  PI.  Oil.  M ILL.)— Till  within  a  few 
years,  iron  cannon  were  cast  with  a  cylindrical  cavity,  nearly 
of  the  dimensions  of  the  caliber  of  the  piece,  which  was  after- 
wards enlarged  to  the  proper  caliber  by  means  of  steel-cutters 
lixcd  into  the  dog-head  of  a  boring  bar  iron.  Three  equidis- 
tant side-cutters  were  requisite  to  preserve  the  caliber  straight 
and  c\  lindrical ;  and  a  single  cutter  w  as  used  at  the  end  of  the 
bar  to  smooth  the  breech  of  the  piece.  In  boring  cannon  cast 
hollow,  the  piece  was  fixed  upon  a  carriage  that  could  be  moved 
backwards  and  forwards  in  a  direct  line  with  the  centre  of  a 
water-wheel;  in  this  centre  was  fixed  the  boring-bar,  of  a  sufli- 
cient  length  to  reach  up  to  the  breech  of  the  piece,  or  more  pro- 
perly to  the  further  end  of  the  caliber.  The  carriage  with  the 
piece  being  drawn  backwards  from  the  centre  of  tlie  water- 
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wheel  to  introduce  the  boring  and  finishino^  bars  and  cutters, 
it  is  then  pressed  forwards  upon  this  bar  by  means  of  levers, 
wcisnts,  &c.  and  the  watcr-wliecl  beinj?  set  goinp,  the  bar  and 
fullers  are  turned  round,  and  clean  out  and  smooth  tlie  caliber 
to  its  proper  dimensions. 

Experience  at  last  pointed  out  man}'  inconveniences  arisin°: 
from  the  method  of  casting  guns  liollow,  and  widening  the 
calibers  by  boring  bars  ;  but  chiefly,  that  all  guns  cast  hollow 
became  more  or  less  spongy  where  they  ought  to  have  been 
most  compact;  and  numberless  cavities  also  were  created 
round  the  cores,  from  stagnated  air  generated  in  them,  which 
were  too  deep  to  be  cut  out  by  the  boring.  To  remedy  these 
defects,  iron  cannon  as  well  as  brass  is  now  universally  cast 
solid,  by  which  means  the  column  of  metal  is  greatly  enlarged, 
and  the  grain  more  compressed;  and  the  contraction  becomes 
in  the  heart  of  the  column,  and  consequently  is  cut  out  by  the 
perforation  for  the  caliber. 

Guns  are  bored  out  of  the  solid  reversely  from  the  hollow 
method.  The  piece  A  is  placed  upon  two  standards  B  15, 
by  means  of  two  journeys,  turned  round  by  machinery;  the 
breech  D  being  introduced  into  the  central  line  of  the  wheel, 
with  the  muzzle  towards  the  sliding  carriage  E,  which  is  pressed 
forwards  by  a  ratch  F,and  weights,  in  the  same  way  as  the  gun 
carriage  was  in  hollow-boring.  Upon  this  sliding  carriage  is 
fixed,  truly  horizontal  and  central  to  the  gun,  the  drill-bar  G, 
to  the  end  of  which  is  fixed  a  carp's-tongue  drill  or  cutter  H  ; 
which,  being  pressed  forward  upon  the  piece  whilst  it  is  turn- 
ing round,  perforates  the  bore,  which  is  afterwards  fmished 
with  bars  and  cutters  as  the  hollow  guns  were. 

The  machinery  for  boring  of  ordnance  is  sometimes  put  In 
motion  by  a  steam-engine  ;  and  in  this  way,  from  18  to  24  great 
guns  have  been  boring  at  the  same  time  ;  the  borer  in  each 
piece  being  brought  up  to  its  proper  place  in  the  gun,  by  a 
lever  and  weights.  In  this  method  of  bringing  up  the  borer, 
the  pressure  may  always  be  made  equable,  and  the  motion  of 
the  borer  regular ;  but  the  disadvantage  is,  that  without  due 
attention,  the  borer  may  work  up  too  far  towards  the  breech, 
and  the  piece  be  spoiled. 

"  In  the  Hoyal  Arsenal  at  Woolwich,"  says  Dr.  Gregory, 
"  only  one  piece  is  bored  at  a  time  in  the  same  mill :  the  gun 
to  be  bored  lies  with  its  axis  parallel  to  the  horizon,  and  in 
that  position  is  turned  round  its  axis  by  means  of  wheel-work, 
moved  by  one  or  more  horses.  The  borer  is  laid,  as  above 
described,  in  the  direction  of  the  axis  of  the  gun,  and  is 
incapable  of  motion  in  any  direction  except  that  of  its  length  ; 
and  in  this  direction  it  is  constantly  moved  by  means  of  a 
small  rack-wheel,  kept  in  proper  motion  by  two  men,  who  thus 
make  the  point  of  the  borer  so  to  bear  against  the  part  of  the 
gun  that  is  boring,  as  to  pierce  and  cut  it.  The  outside  of  the 
gun  is  smoothed  at  the  same  time  by  men  with  instruments  fit 
for  the  purpose,  whilst  it  turns  round,  so  that  the  bore  may 
be  exactly  in  the  centre  of  the  metal.  In  this  way  the  boring 
is  performed  with  great  nicety,  the  guns  scarcely  ever  failing  in 
the  examination.  But  in  these  mills  the  horses  svork  to  great 
disadvantage,  the  diameters  of  the  walks  in  which  they  move 
being  far  too  small."     See  Gun,  Pownr.R,  Giinnerv. 

CANNONADE,  the  application  of  artillery  to  the  purposes 
of  war,  directing  the  shot  against  some  remote  object,  as  a 
.ship,  a  fortress,  Stc.  which  it  is  designed  to  destroy  or  capture. 
In  the  marine,  a  large  vessel  may  be  considered  as  a  combi- 
nation of  floating  batteries,  and  hence,  her  cllorts  must  be 
greatly  superior  to  those  of  a  fortress  on  land  ;  but  this  is  not 
always  the  case,  for  on  some  partic^ular  occasions  her  situation 
may  be  extremely  dangerous,  and  her  cannonading  inefl'ectual. 
There  are  several  circumstances  in  which  her  superiority  con- 
sists, viz.  the  power  of  bringing  her  different  batteries  to  con- 
verge to  one  point ;  of  shifting  the  line  of  her  attack  so  as  to 
do  the  greatest  possible  execution  against  the  enemy,  or  to  lie 
where  she  will  be  the  least  exposed  to  his  shot  ;  and  chiefly 
because,  by  employing  a  mu<-li  greater  number  of  cannon 
against  a  fort  than  it  can  possibly  return,  the  impression  of  her 
artillery  against  stone  walls  soon  becomes  decisive  and  irre- 
sistible. Besides  these  advantages  in  the  attack,  she  is  also 
greatly  superior  in  point  of  defence  ;  because  the  cannon  shot 
passing  with  rapidity  through  her  sides,  seldom  do  any  execu- 
tion out  of  the  line  of  their  flight,  or  occasion  much  mischief 
16. 


by  their  splinters  ;  whereas,  they  very  soon  shatter  and  destroy 
the  faces  of  a  parapet,  and  produce  Incredible  havock  amongst 
the  men  by  the  fragments  of  the  stones,  &c.  \  ship  mav  also 
retreat  when  she  finds  it  too  dangerous  to  remain  longer 
exposed  to  the  enemy's  fire,  or  when  her  own  fire  cannot  pro- 
duce the  desired  effect.  Finally,  the  fluctuating  situation  of  a 
ship,  and  of  the  element  on  which  she  rests,  render  the  efforts 
of  shells  very  uncertain,  and  altogether  destroys  the  effect  of 
the  ricoshet  or  rolling  and  bounding  shot,  whose  execution  Is 
so  pernicious  and  destructive  to  a  fortress  in  land  engaje- 
nients  ;  both  of  which,  however,  a  ship  of  war  may  appl\  witli 
great  success.  On  the  contrary,  the  chief  Inconvenience  to 
which  she  is  exposed,  Is,  that  the  low-laid  cannon  in  a  fort, 
near  the  brink  of  the  sea,  may  strike  her  repeatedly  on  or  under 
the  surface  of  the  water,  so  as  to  sink  her  before  her  cannonade 
can  have  any  considerable  cflicacy. 

C.VNOE,  a  sort  of  Indian  boat,  or  vessel,  formed  of  the 
trunk  of  a  tree  hollowed,  and  sometimes  of  several  pieces  of  the 
bark  fastened  together;  they  are  used  on  various  occasions,  as 
fishing,  passage,  trade,  &c.  and  are  of  several  sizes,  according 
to  the  ditlerent  uses  for  which  they  are  designed  in  different 
countries.  They  are  generally  rowed  with  paddles,  instead  of 
oars,  which  arc  pieces  of  light  wood,  nearly  resembling  a  corn 
shovel,  and  instead  of  moving  the  paddle  horizontally  like  an 
oar,  they  row  perpendicularly  ;  the  small  ones  are  very  nar- 
row, having  only  room  for  one  person  In  breadth,  and  ei;,ht  or 
ten  lengthways.  They  very  easily  carry  sail,  unless  when 
going  before  the  wind,  and  their  sails  are  made  of  a  sort  of 
rushes  or  silk  grass  ;  they  seldom  have  any  rudder,  the  w  ant  of 
w  hich  is  supplied  by  a  dexterous  management  of  the  hind  oars. 
The  Indians  who  navigate  them  are  very  expert  in  rowing 
uniformly,  and  in  balancing  them  properly  with  their  bodies, 
which  would  be  difficult  for  a  stranger  to  do,  however  well 
accustomed  soever  to  the  conducting  of  our  boats,  on  account 
of  the  extreme  lightness  of  the  canoes,  and  their  aptness  to  be 
overturned.  The  Negroes  in  Guinea,  and  even  many  in  the 
East  Indies,  use  them.  The  American  Indians,  when  they  are 
necessitated  to  land  on  account  of  a  waterfall  or  other  occa- 
sion, carry  their  canoes  on  their  heads  or  shoulders,  till  they 
arrive  at  some  place  where  they  may  again  be  launched.  The 
canoe  of  the  Esquimaux  Indians  in  Labrador  has  a  light 
wooden  frame,  and  the  shell,  instead  of  a  plank,  is  made  with 
seal  skins  sewed  together,  which  are  not  oidv  extended  round 
the  bottom  and  sides,  but  likewise  over  tl)e  top.  forming  a 
complete  deck,  and  having  only  one  opening  conveniently 
framed,  and  situated  to  admit  the  Indian  Into  his  seat.  A  flat 
hoop  is  fitted  to  this  hole  risins  about  four  Inches,  to  which 
the  surrounding  skin  is  sewed.  The  Indian's  calf-skin  jacket 
being  of  a  proper  length,  he  can  occasionally  bind  the  skirt  of 
it  round  the  outside  of  this  hoop,  by  which  means  he  keeps  the 
canoe  free  from  water,  and  is  enabled  to  pursue  his  game  far 
from  land,  and  in  stormy  seas.  His  paddle  is  about  10  feet 
long,  light,  and  flat  at  each  end,  with  which  he  both  rows  and 
steers  with  great  velocity  and  exactness. 

CANON,  in  Arithmetic,  Geometry,  &c.  a  general  rule  for 
resolving  all  cases  of  the  same  kind  :  this  word  Is  now  seldom 
used  ;  we  say  instead  of  it,  method  or  formula. 

CANT  Timbers,  those  tindiers  which  are  situated  at  the  two 
ends  of  a  ship.  They  derive  their  name  from  being  canted  or 
raised  obli<iuely  from  the  keel,  in  contradistinction  to  those 
w  hose  planes  are  perpendicular  to  It.  The  upper  ends  of  those 
on  the  bow  or  fore  part  of  the  ship  are  in<'lincd  to  the  stem,  as 
those  in  the  after  or  hind  part  Incline  to  the  stern-post  aboie. 

CANTATA,  in  Music,  a  song  or  composition  intermixed  with 
recitatives,  airs,  and  different  movements,  chiefly  intended  for 
a  single  voice. 

CANVASS,  a  strong  kind  of  cloth,  of  which  the  sail.t  arc 
made.  Among  Painters,  canvass  is  the  clotli  on  whiidi  they 
usually  draw  their  pictures,  having  first  stretched  it  in  a  frame 
of  deal  wood. 

CAOUTCHOUC,  elastic  resin,  or  Indian  rubber,  a  sub- 
stance produced  from  an  .American  tree,  has  been  already 
explained.  This  substance  oozes  out  of  the  trees  by  inci- 
sions made  in  them,  and  has  the  ai'pearance  of  milk,  and  it 
Is  thickened  merely  by  exposure  to  the  air. 

Caoutchouc  Gum  is  thus  made  : — Take  one  pound  of  spirit 
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of  turpentine,  and  one  pound  of  tbe  gam,  cut  into  small  pieces. 
(A  knife  dipped  in  cold  water  cuts  this  elastic  stuff  easily.) 
Pour  the  turpentine  into  a  lono;-necked  matrass,  or  fireproof 
bottle,  which  must  be  placed  in  a  saud  bath  ;  throw  in  the  sum. 
bit  by  bit,  till  it  all  dissolves.  Add  now  a  pint  of  nut  or  linseed 
oil,  or  oil  of  poppies  ;  then  let  the  whole  boil  for  a  quarter  of 
an  hour,  and  the  preparation  is  finished.  This  is  an  excellent 
bi;t  expensive  varnish  for  air-balloons. 

CAP,  a  strong  thick  block  of  wood,  having  two  large  holes 
through  it,  the  one  square,  the  other  round,  used  to  confine 
two  masts  together,  when  one  is  erected  at  the  bead  of  the 
other,  in  order  to  lengthen  it.  The  principal  caps  of  a  ship 
are  those  of  the  lower  masts,  which  are  fitted  with  a  strong 
eye-bolt  on  each  side,  wherein  to  liook  the  block  by  which  the 
topmast  is  drawn  up  through  the  cap.  The  breadth  of  all  the 
caps  is  equal  to  twice  the  diameter  of  the  topmast,  and  the 
length  to  twice  the  breadth.  The  thickness  of  the  main  and 
foreeaps  is  half  the  diameter  of  their  breadths  ;  the  mizencap 
three-seventlis,  and  the  topmast  caps  two-fifths  of  their  respec- 
tive breadths.  In  tlic  same  manner  as  the  topmast  slides  up 
through  the  cap  of  the  lower  mast,  the  top-gallant-mast  slides 
up  through  the  cap  of  the  topmasts. 

CAPILLARY  Action.  The  suspension  of  a  slender  column 
of  water  in  the  interior  ring  of  a  glass  tube,  is  the  popular 
explanation  of  capillary  action,  or  attraction. 

Capillaky  Tubes.  One  of  the  most  singular  phenomena  of 
these  tubes  is,  that  if  you  take  several  of  them  of  difi'erent 
sizes,  open  at  both  ends,  and  immerse  them  a  little  way  into 
water,  or  any  other  fluid,  it  will  immediately  rise  in  the  tubes 
to  a  considerable  height  above  the  surface  of  that  into  which 
they  are  immersed  ;  these  heights  varying  nearly  in  a  recipro- 
cal proportion  of  the  diameters  ;  the  greatest  heights,  according 
to  Dr.  Hook,  being  about  21  inches.  The  heights,  however,  are 
not  the  same  for  all  tiuids,  some  standing  considerably  higher 
or  lower  than  others  :  and  v\'ith  regard  to  quicksilver,  it  does 
not  rise  in  their  tubes  at  all,  but,  on  the  contrary,  stands  lower 
in  the  tube  than  in  the  vessel  into  which  the  tube  is  immersed, 
and  that  so  much  the  more  as  the  diameter  is  smaller.  Another 
phenomenon  of  these  tubes  is,  that  such  of  them  as  will  natu- 
rally discliarge  water  only  by  drops,  when  electrified  yields  it 
in  a  perpetual  stream.  Various  hypotheses  have  been  advanced 
to  account  for  the  ascent  of  fluids  in  capillary  tubes  ;  some 
attributing  it  to  the  attraction  of  the  glass  upon  the  upper  sur- 
face of  the  fluid,  others  again,  to  the  diminished  pressure  of 
the  air  on  the  fluids  in  the  tube,  &e.  The  cause  of  the  pheno- 
menon is  satisfactorily  accounted  for  thus  :  It  is  a  fundamental 
property  of  fluids,  that  any  force  impressed  in  one  direction 
may  be  propagated  equally  in  every  direction.  The  tendency 
of  the  fluid,  then,  to  approach  tlte  glass,  will  occasion  it  to 
spread  over  the  internal  cavity  of  the  tube,  and  consequently 
to  mount  upwards. 

Capillary  action  is  not  confined  to  glass  tubes,  but  is  exerted 
among  all  substances  perforated  by  pores,  or  subdivided  by 
fissures  or  interstices.  Hence,  the  excretory  vascular  systems 
of  plants  and  animals  ;  the  ascent  of  humidity  through  rocks, 
earth,  &c. ;  the  lymph  or  perspiration  exuded  by  the  pores  of 
the  human  skin,  the  leaves  of  trees,  plants,  and  grasses — pores 
that  exceed  not  the  ten-thousandth  part  of  an  inch:  and  while 
plants  retain  their  vegetating  principle,  the  humidity  they  draw 
from  the  earth  by  means  of  their  roots,  is  constantly  exhaled 
into  the  atmosphere,  and  as  constantly  supplied  by  the  ascent 
of  sap  from  the  roots. 

CAPRA,  the  name  of  a  small  Northern  Constellation,  con- 
sisting of  three  stars. 

CAPRICORN,  thi;  Goat,  a  southern  constellation,  and  the 
tenth  sign  of  the  zodiac,  denoted  by  the  character  y?,  being 
intended  for  the  representation  of  the  goat's  horns.  It  is  the 
first  of  the  winter,  and  the  fourth  of  the  southern  signs,  accord- 
ing to  the  fixed  and  intellectual  zodiac  :  and  the  sun  enters  it 
on  the  21st  of  December,  which  is  the  time  of  the  winter  sol- 
stice, when  the  earth  makes  the  transit  from  Gemini  to  Cancer. 
But  the  visible  and  moveable  zodiac  places  this  sign  in  tlie 
station  of  Aquarius,  and  the  sun  enters  it  about  the  Kith  of 
January.  At  the  period  of  the  winter  solstice,  the  sun  being 
vertical  to  the  tropic  of  Capricorn,  the  southern  hemisphere 
enjoys   the  same  light,   &c.    which  the   northern   hemisphere 


enjoyed  on  the  21st  of  June,  when  the  sun  was  vertical  to  tbe 
tropic  of  Cancer.  It  is  then  the  middle  of  day  at  the  south 
pole,  and  the  middle  of  night  at  the  north  pole. — The  bounda- 
ries and  contents  of  Capricorn  are :  on  the  north  and  east  of 
Antinous  and  Aquarius,  on  the  south  by  Piscis  Auslralis,  and 
on  the  west  by  Sagittarius.  It  contains  51  stars,  three  of 
which  are  of  the  3d  magnitude,  three  of  the  4th,  &c.  The 
following  table  shews  the  time  when  a,  a  star  of  the  third  mag- 
nitude, in  the  Goat's  forehead,  rises  and  culminates  for  the 
first  day  of  each  month  in  the  year.  This  star  rises  nearly  on 
the  E.  S.  E.  J  E.  point  of  the  horizon,  at  London:  its  right 
ascension  is  302°  0'  51",  and  its  declination  13°  5'  39"  south  : 
Meridian  Altitude  2.5"  23'  21". 


Month. 

Jan. 

Feb. 

Mar. 

April 

May 

June 


RiSFS. 

Iio.  mi. 

8  30  M. 

6  14  M. 

4  2.1  U. 

2  30  M. 
12  45  M. 
10  35   A. 


Cl  LM. 
ho.  lui. 

1  25   A. 
11    10  M. 

9  20  M. 

7  20  M. 

5  30  M. 

3  28  M. 


Month. 

July 
Ang. 
Sept. 
Oct. 
Nov. 
Dec. 


R 

ISES.      1 

ho. 

mi. 

8 

37 

A. 

6 

40 

A. 

4 

45 

A. 

2 

58 

A. 

1 

0 

A. 

10 

45 

M. 

Culm. 
Iio.  mi. 
1   30  M. 
25   A. 
30 
40 
45 
45 


A. 

A. 
A. 
A. 


Tropic  o/ Capricorn,  a  small  circle  of  the  sphere  parallel  to 
the  equinoctial,  passing  through  the  beginning  of  Capricorn,  or 
the  winter  solstice,  or  point  of  the  sun's  greatest  southern 
declination. 

CAPRIOLES,  in  the  Manage,  leaps  which  a  horse  takes  in 
the  same  place  without  advancing,  in  such  a  manner,  that 
when  he  is  at  the  height  of  the  leap,  he  jerks  out  with  his 
hinder  legs  even  and  near.  The  common  name  of  this  exercise 
is,  among  dragoons,  tlie  pillared  horse,  because  the  animal,  to 
work  weil  at  caprioles,  is  put  between  two  pillars,  and  taught 
to  raise  first  his  fore  quarters,  and  then  his  hind  quarters, 
while  his  fore  ones  are  yet  in  the  air. 

CAPSTAN,  or  Capstern, 
a  great  piece  of  timber,  in 
the  shape  of  a  cone,  usually- 
placed  behind  the  windlass 
of  a  ship,  to  weigh  anchors, 
hoist  up  or  strike  down  top- 
masts, strain  ropes,  or  heave 
any  heavy  bulky  thing  on 
board  of  a  ship,  as  in  the 
upper  figure. 

The  advantages  of  simpli- 
fying machinery  are  well  ex- 
emplified in  the  second  cap- 
stan, which  unites  great 
strengtli  and  simplicity.  It 
is  represented  in  the  low- 
er figure,  where  A  D  is 
a  compound  barrel  com- 
posed of  two  cylinders  of 
difi'erent  radii.  The  rooe 
D  E  C  is  fixed  at  the  extre- 
mity of  the  cylinder  D;  and 
after  passingover  the  pulley 
B,  which  is  attached  to  the 
load  by  means  of  the  hook 
F,  it  is  coiled  round  the 
other  cylinder  D,  and  fixed 
at  its  upper  end.  The  cap- 
stan bar  A  B  urges  the  compound  barrel  C  D  about  its  axis,  so 
that  while  the  rope  coils  round  the  cylinder  D  it  unwinds  itself 
from  the  cylinder  C.  Let  us  suppose,  that  the  diameter  of 
the  part  D  of  the  barrel  is  21  inches,  while  the  diameter 
of  the  part  C  is  only  20  inches,  and  let  the  pulley  E  be 
20  inches  in  diameter.  When  the  barrel  A  D,  therefore, 
has  performed  one  complete  revolution  by  the  pressure  ex- 
erted at  H,  03  inches  of  rope,  equal  to  the  circumference  of 
the  cylinder,  will  be  gathered  upon  the  cylinder  D,  and  60 
inches  will  be  unwound  from  the  cylinder  C.  The  quantity  of 
wound  rope,  therefore,  exceeds  the  quantity  that  is  tinwound 
|,y  (3,3 —  (io  —  3  inches,  the  dillerence  of  their  respective  peri- 
meters ;  and  t!ie  half  of  this  ((uantity,  or  IJ  inches,  will  be  the 
space  through  which  the  load  or  pulhy  E  moves  by  one  turn 


CAR 


DICTIONARY    OF    MECHANICAL    SCIENCE. 


CAR 


147 


•if  the  bar.  If  a  simple  capstan  of  the  same  dimensions  had 
been  employed,  the  length  of  rope  coiled  round  the  barrel 
wonld  have  been  60  inches  ;  and  the  space  described  by  the 
pulley,  or  load  to  be  overcome,  would  have  been  30  inches. 
Now,  as  the  power  is  to  tlie  w  eifjht  as  the  velocity  of  the  weight 
is  to  the  velocity  of  the  power,  and  as  the  velocity  of  the  power 
is  the  same  in  both  capstans,  the  weights  which  they  will  raise 
will  be  as  1 J  to  30.  If  it  be  wished  to  double  the  power  of  Ibe 
machine,  we  have  only  to  cover  the  cylinder  C  with  lathes  a 
quarter  of  an  inch  thick,  so  that  the  dillerence  between  the 
radii  of  each  cylinder  may  be  half  as  little  as  before  ;  for  it  is 
obvious  that  the  power  of  the  capstan  increases  as  the  dif- 
ference between  the  radii  of  the  cylinders  is  diminished.  As 
we  increase  the  power,  therefore,  we  increase  the  strentcth  of 
our  machine,  while  all  other  engines  are  proportionably 
enfeebled  by  an  augmentation  of  power.  Were  we,  for  exam- 
ple, to  increase  the  power  of  the  common  capstan,  we  must 
diminish  the  barrel  in  the  same  proportion,  supposing  the  bar 
A  U  not  to  admit  of  being  lengthened,  which  will  not  only 
diminish  its  strength,  but  destroy  much  of  its  power  by  the 
additional  flexure  of  the  rope. — This  capstan  may  be  easily 
converted  into  a  crane,  by  giving  the  compound  barrel  a  hori- 
zontal position,  and  substituting  a  winch  instead  of  the  bar 
A  B.  The  superiority  of  such  a  crane  above  the  common  ones 
does  not  require  to  be  pointed  out ;  but  it  has  this  additional 
advantage,  that  it  allows  the  weight  to  stop  at  any  part  of  its 
progress,  without  the  aid  of  a  ratchet  wheel  and  catch,  because 
the  two  parts  of  the  rope  pull  on  the  contrary  sides  of  the 
barrel.  The  rope  indeed  which  coils  round  the  larger  part  of 
the  barrel  acts  with  a  larger  lever,  and  consequently  with 
greater  force,  than  the  other  ;  but  as  this  excess  of  force  is 
not  sufficient  to  overcome  the  friction  of  the  machine,  the 
weight  will  remain  stationary  in  any  part  of  its  path. 

The  principle  on  which  the  preceding  capstan  is  constructed, 
might  be  applied  with  great  advantage  when  two  separate 
axles  A  C,  B  D  are  driven  by  means  of  the  winch  H  and  the 
■wheels  B  and  A,  as  in  the  annexed  figure.  It  is  evident,  that 
when  the  winch  is  turned  round  in  one  direction,  the  rope  r  is 
unwound  from  the  axle  B  D  ;  the  wheel  B  drives  the  wheel 
A,  so  that  the  axle  A  C  moves 
in  a  direction  opposite  to  that 
of  B  D,  and  the  rope  is  coiled 
round  the  axle  A  C.  If  the 
wheels  A,  B,  are  of  the  same 
diameter  and  the  same  num- 
ber of  teeth,  the  weight  W 
will  be  stationary,  as  the  rope 
wound  about  one  axle  will  be 
always  equal  to  what  is  un- 
wound from  the  other.  If  the 
wheels  have  difl'erent  diame- 
ters, or  difl'erent  numbers  of 
teeth,    the   quantity   of  rope 
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wound  round  the  one  axle  will  exceed  what  is  unwound  from  the 
other,  and  the  weight  will  be  raised. 

CAPUT  DiiACONis,  the  Drayon's  Head,  a  name  given  by 
some  to  the  star  a,  Draconis,  in  the  head  of  that  constellation. 

CARDAN,  Jerom,  a  celebrated  mathematician,  physician, 
and  astrologer  of  the  sixteenth  century,  born  in  Italy  Sept.  21, 
1501,  and  died  at  Rome  in  Sept.  1575.  As  an  astrologer,  he 
was  invited  to  England  in  order  to  cast  the  nativity  of  KJw.  V. 
as  he  had  already  done  that  of  his  own  ;  which  latter  not  being 
precisely  correct  as  to  the  time  of  his  death,  he  is  said  to  have 
starved  himself  for  the  honour  of  the  science  ;  viz.  that  his 
living  might  not  discredit  his  art.  Hudibras  alludes  to  Car- 
dan's pretended  astrological  skill  in  the  following  lines: — 

"  Cnrdnn  believes  great  stntes  depend 
Upon  tlie  tip  of  llie  Bear's  tail's  end  ; 
And  as  she  wisks  it  t'wards  the  sun, 
Strews  mighty  empires  up  and  down." 

CARDINAL  Points,  in  Geography  and  Navigation,  the  four 
principal  points  of  the  compass ;  viz.  east,  west,  north,  and 
south.  The  term  is  derived  from  caidu,  a  hinge,  being  that  on 
which  all  the  others  turn  or  depend. 

Cardinal  Si<jns,  are  those  at  the  four  quarters,  or  the  ecjui- 


noxes  and  solstices ;  viz.  the  signs  Aries,  Libra,  Canner,  and 
Capricorn.  Cardinal  Winds,  those  that  blow  from  the  cardinal 
points. 

C.\RDIOIDE,  (see  the  annexed  figure,) 

q   the  name  of  a  curve  so  denominated  by 

\     Castilliani,    from    its  resemblance    to    a 

ig  heart,  rapfia  :  the  construction  of  which  is 

as  follows  : — Through  one  extremity  A,  of 

the   diameter   A  B,  of  the   circle  A  P  B, 

draw  a  number  of  lines  A  P  Q,  cutting  the 

circle  in   P  P,  &e.  upon  the  set  ofl'  P  Q, 

equal    to    the   diameter    AB;    then    the 

curve    passing    through    all    the    points 

Q,Q,  &c.  is  termed  the  Cardioide.     From  this  generation  ot 

the  curve,  is  readily  reduced  its  principal  properties;  viz.  that 

every  where PQ^AB 

CQorQQ=   /la=2AB 
A  Q  =  A  B  3:  A  P 
P  always  bisects  (J  Q. 

CAREENING,  the  operation  of  heaving  a  ship  down  on 
one  side,  by  the  application  of  a  strong  purchase  to  her  masts, 
which  are  properly  supported  for  the  occasion,  to  prevent  their 
breaking  with  so  great  a  strain  ;  by  which  means  one  side  of 
the  bottom,  being  elevated  above  the  surface  of  the  water,  may 
be  cleansed  or  repaired.  When  a  ship  is  laid  on  a  careen 
every  thing  is  taken  out  of  her  ;  but  this  operation  is  now 
nearly  superseded  by  sheathing  the  ships  with  copper,  whereby 
they  keep  a  clean  bottom  for  several  years.  A  ship  is  also 
said  to  careen,  when  she  inclines  to  one  side  at  sea  by  a  press 
of  sail. 

CABLINGS,  short  pieces  of  limber  ranging  fore  and  aft 
from  one  deck  beam  to  another,  into  which  their  ends  arc 
mortised  ;  they  are  used  to  sustain  and  fortify  the  smaller 
beams  of  the  ship. 

CARMINATIVES,  Medicines  used  in  colics,  or  other  flatu- 
lent disorders,  to  dispel  wind. 

CARMINE,     i'ce  Colour  Making. 

CARNATION,  or  Clove  Pink,  an  agreeable  flower,  valued 
for  its  pleasant  flavour  and  lovely  leaves.  It  is  said  the  flowers 
of  this  plant,  reduced  to  a  decoction,  have  cured  many  malig- 
nant fevers.  Sec. 

CARNELIAN,  in  Natural  History,  a  precious  stone,  red, 
yellow,  or  white,  usually  brought  from  the  East  Indies. 

CAROTIDS,  in  Anatomy,  two  arteries  of  the  neck,  which 
convey  the  blood  from  the  aorto  to  the  brain ;  one  called  the 
right,  and  the  other  the  left  carotid. 

CARPENTER,  a  person  who  practises  carpentry. 

CARPiiNTER  of  a  ship,  is  an  officer  appointed  to  examine 
and  keep  in  order  the  frame  of  the  ship,  together  with  her 
masts,  yards,  boats,  and  all  other  wooden  machinery,  likewise 
the  stores  committed  to  him  by  indenture  from  the  surveyor  of 
the  dock  yard.  It  is  the  carpenter's  duty  in  particular,  to 
keep  the  ship  tight,  for  w  hicb  purpose  he  ought  frequently  to 
review  the  decks  and  sides,  and  to  caulk  them  when  it  is  found 
necessary.  In  the  time  of  battle,  he  is  to  examine  up  and 
down  with  all  possible  attention  in  the  lower  apartments  of 
the  ship,  to  stop  any  holes  that  may  be  made  in  the  sides  bv 
shot,  with  wooden  plugs,  provided  of  several  sizes  for  that 
purpose. 

CARPENTRY,  the  art  of  building,  framing,  &e.  S'feJoiNiK. 

CARRIAGE  of  a  Gun,  is  a  strong  frame  of  wood  fixed  on 
four  solid  wheels,  or  trucks,  onwiiicli  the  cannon  is  placed: 
its  chief  parts  are  as  follow  : — 1.  The  sides  or  checks  ;  2.  the 
axletrees;  3.  the  trucks  or  wheels;  4.  the  transom;  5.  the 
sole  or  bottom  ;  6.  the  bed  ;  7.  the  quoin.  These  are  all  of 
wood.  8.  the  cap-squares,  or  clamps;  t>.  the  eye-bolts;  10. 
joint  bolts  :  11.  the  transom  bolt;  12.  the  bed  bolt;  13.  hind 
axletree  bolts;  14.  the  breeching  bolts;  15.  loops,  or  eye- 
bolts,  to  which  the  gun  tackle  are  hooked  ;  all  of  iron. 

The  Cunstnietion  of  }Vhect  C'nrrinpi.i  is  one  of  the  most  im- 
portant branches  of  mechanical  science,  whether  we  consider 
their  general  use,  or  the  numerous  lives  which  arc  daily  risked 
in  travelling  by  this  mode  of  conveyance.  We  will,  therefore, 
in  the  first  place,  direct  our  readers'  attention  to  the  wheels  of 
these  vehicles.  Every  wheeled  carriage  consists  of  two  or 
more  wheels,  generally  four :  but  the  fore  wheels  of  our  wag> 
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pons  are  unaccountably  small,  and  it  is  not  uncommon  to  see 
carts  movins  upon  wheels  scarcely  two  feet  diameter.  We 
know  that  the  convenience  of  turning  is  urged  as  the  reason 
for  diminishing  these  wheels,  and  we  allow,  that  much  address 
is  requisite  in  the  crowded  and  narrow  lanes  and  courts  of 
fiondon,  to  turn  unwieldy  waggons,  drawn  by  four  huge  horses. 
The  disadvantages  of  small  wheels  will  be  obvious  from  this  : 
Suppose  CDE  (as  in  the  annexed  figure.)  a  wheel,  and  F  G 
an  obstacle  over  which  it  is  to  be  moved  by  a  force  P,  acting 
in  the  direction 
AH;  join  AF, 
and  draw  Fwi, 
F  n,  perpendicu- 
lar to  C  A  and 
AH.  The  weight 
D  of  the  ^(heel 
is  evidently  the 
weight  to  be  rais- 
ed, and  may  be 
represented  by 
W  acting  at  the 
point  A  in  the 
vertical  direc- 
tion A  C.  We 
may  now  consi- 
der A  F  as  a  le- 
ver, whose  fulcrum  is  F,  and  there  will  be  an  equilibrium  when 
theforce  P  is  to  the  force  W,  as  the  perpendicular  F  n  is  to  the 
perpendicular  F  711.  And  since  Fm  represents  the  mechanical 
energy  of  the  power  P  to  turn  the  wheel  round  F,  it  is  obvious, 
that  when  FG  is  equal  to  the  radius  of  the  wheel,  (as  in  this 
case  it  is  only  Vi  inches,)  the  weight  P,  however  great,  has  no 
power  to  move  it  over  the  obstacle,  for  when  F  G  is  equal  to 
A  C,  F  m  will  vanish,  that  is,  the  obstacle  being  as  high  as  the 
axletree  of  the  wheel,  it  could  never  surmount  it.  In  other 
words,  F  m  is  now  equal  to  O,  which,  if  mulliplied  by  P,  no 
matter  what  the  weight  of  P  may  be,  the  produ(^t  is  O.  How 
very  difficult  then  must  it  be  for  the  best  horses  to  tug  an 
unwieldy  waggon  with  fore  wheels  only  14  inches  in  radius. 
Hence,  since  the  power  of  a  wheel  to  overcome  stones,  rub- 
bish, and  all  manner  of  resistances  in  the  road,  increases  with 
its  diameter,  .the  advantages  of  large  wheels  for  overcoming 
such  resistances  must  be  apparent.  But  there  are  some  cir- 
cumstances, which,  independent  of  their  weight  and  expense, 
prescribe  limits  to  the  size  of  wheels.  A  wheel  should  never 
exceed  4^  feet  diameter,  that  is,  the  height  of  a  horse's  shoulder 
where  the  traces  are  fixed  to  the  collar. 

With  respect  to  the  shape  of  the  wheels,  every  mechanic 
would  place  the  spokes  perpendicular  to  the  axletree,  if  he 
were  not  prejudiced,  by  apprenticeship,  to  the  pretended 
advantages  of  concave  or  dishing  wheels,  or  those  which  have 
inclined  spokes,  as  in  the  annexed  figure,  P  A,  P  B,  and  coni- 
cal rims  A  r  and  B  *.  It  is  alleged,  this  wheel  renders  the  car- 
riage less  liable  to  be  overturned,  by  extending  the  base  ;  that 
it  is  stronger;  that  it  hinders  the  fellies 
from  rubbing  against  the  sides  of  the  cart, 
&c.  &c.  But  tlie  concave  dishing  wheel  is 
more  expensive  than  the  other,  more  inju- 
rious to  the  roads,  more  liable  to  be  broken 
by  accidents,  and  less  durable  than  the 
wheel  with  spokes  perpendicular  to  the 
naves.  Look  at  the  figure,  and  you  will  see 
that  the  whole  of  the  pressure  tvhich  the 
wheel  A  B  sustains,  is  exerted  along  the 
inclined  spoke.  P*  therefore  acts  obliquely 
upon  the  level  ground  n  D,  whether  the 
rims  with  their  tire  irons  are  conical  or 
cylindrical.  But  when  the  spokes  arc  per- 
pendicular to  the  nave,  as  pn,  and  when 
the  rims  niA,  n  B,  are  cylindrical,  and 
parallel  to  the  ground,  the  weight  sus- 
tained by  the  wheel  acts  perpendicularly 
upon  the  road,  and  whatever  shocks  it  may 
receive  from  resistances,  fall  upon  its 
strongest  position,  where  it  is  in  no  danger 
of  giving  way  to  the  strain. 


The  Position  of  H'/ieeh. — AH  wheels  should  revolve  on  per- 
fectly straight  axletrees,  and  be  themselves  perfectly  parallel 
or  perpendicular  to  the  road.  By  this  method  there  is  the  least 
stress  in  all  given  cases  on  the  linch-pin,  the  axles,  the  spokes, 
and  rim  ;  and  the  friction  less  than  in  the  conic  wheels,  which 
partly  roll  and  partly  drag. 

On  t/ie  Line  of  Traction,  and  the  Method  by  which  Horses 
exert  their  Strenijth. — In  all  four-footed  animals,  the  hinder 
feet  become  the  fulcrum  of  the  lever  by  which  their  weight 
acts  against  the  load  ;  and  when  the  animals  pull  hard,  they 
depress  their  chest,  and  thus  increase  the  lever  of  their 
weight,  and  diminish  the  lever  by  which  the  load  resists  their 
ell'orts  ;  for  it  is  a  general  law,  that  animals  draw  by  their 
weight,  and  not  by  the  force  of  their  muscles.  So  that  when  a 
horse  is  employed  in  drawing,  his  eflort  will  depend,  in  some 
measure,  both  upon  his  own  weight  and  that  which  he  carries 
on  his  back. 

Indeed  it  is  highly  useful  to  load  the  back  of  a  drawing  horse 
to  a  certain  extent  ;  though  this,  on  a  slight  consideration, 
might  be  thought  to  augment  unnecessarily  the  fatigue  of  the 
animal:  but  it  must  be  considered,  that  the  mass  with  which 
the  horse  is  charged  vertically  is  added  in  part  to  the  eflort 
w  hich  he  makes  in  the  direction  of  traction,  and  thus  dispenses 
with  the  necessity  of  his  inclining  so  much  forward  as  he  must 
otherwise  do ;  and  may,  therefore,  under  this  point  of  view, 
relieve  the  draught  more  than  to  compensate  for  the  additional 
fatigue  occasioned  by  the  vertical  pressure.  Carmen,  and 
waggoners  in  general,  are  well  aware  of  this,  and  are  commonly 
very  careful  to  dispose  of  the  load  in  such  a  manner  that  the 
shafts  shall  throw  a  due  proportion  of  the  weight  on  the  back 
of  the  shaft  horse. 

The  best  disposition  of  the  traces  during  the  time  a  horse  is 
drawing,  is  to  be  perpendicular  to  the  position  of  the  collar 
upon  his  breast  and  shoulders  :  when  the  horse  stands  at  ease, 
this  position  of  the  traces  is  rather  inclined  upwards  from  the 
direction  of  the  road;  but  when  he  leans  forward  to  draw  the 
load,  the  traces  should  then  become  nearly  parallel  to  the  plane 
over  which  the  carriage  is  to  be  drawn  ;  or,  if  he  be  employed 
in  drawing  a  sledge,  or  any  thing  without  wheels,  the  inclina- 
ticpii  of  the  traces  to  the  road,  supposing  it  to  be  horizontal, 
should  be  about  185°. 

From  the  preceding  observations,  it  will  be  easy  in  most 
cases  to  adapt  the  size  of  the  wheels  to  that  of  the  animal 
which  is  to  draw  in  the  shafts,  so  that  when  he  leans  forward 
to  his  work,  the  traces  may  be  nearly  parallel  to  the  road, 
whether  that  road  be  horizontal  or  not;  always  recollecting, 
that,  if  there  be  any  variation  from  the  parallel  position,  it 
must  be  rather  inclining  upwards  than  downwards;  as  the 
former  will  somewhat  diminish  the  friction,  while  the  latter, 
instead  of  raising  the  wheels  from  any  hollow  into  which  they 
may  fall,  will  tend  to  draw  them  down  lower,  and  much  increase 
the  labour  of  the  animal. 

When  several  horses  are  harnessed  one  before  another,  so 
that  they  may  all  draw  at  the  same  load,  and  the  slope  on 
which  they  are  drawing  changes,  as  from  D  A  to  A  B,  (see  the 
engraving  in  the  next  page,)  the  eflort  of  the  horse  which 
draws  along  the  road  A  B  is  decomposed  into  two  parts,  of 
which  one  tends  to  pull  up  the  load,  the  other  to  pull  down  the 
horse  w  hich  is  in  the  shafts  and  is  drawing  along  tlie  slope  DA. 
This  latter  composant  is  always  greater  as  the  traces  of  the 
foremost  horse  are  the  longer.  From  the  point  E  where  the 
traces  are  fastened  to  the  horse  next  the  load,  draw  ER  to  the 
same  point  in  the  second  horse  R,  and  let  R'  be  another  posi- 
tion of  the  second  horse  ;  it  is  required  to  find  the  difl'erence  of 
effect  that  will  be  produced  by  placing  the  second  horse  at  11 
or  at  R',  or  the  comparative  advantages  of  short  and  long 
traces.  From  R',  the  point  where  the  traces  are  fixed,  draw 
R'F'E;  and  from  E  draw  Ehih  parallel  to  the  declivity  D  A. 
Take  EF^:  E  F'  to  represent  the  power  of  the  horse  in  the 
direction  of  the  traces,  which  Avill  be  the  same  whether  he  is 
yoked  at  R  or  at  R';  draw  E  .\  perpendicular  to  DA,  Fn, 
F'm  parallel  to  E  A,  and  F(i,  F'/ parallel  to  E  n.  Then  since 
the  second  horse  when  at  R  pulls  with  a  force  represented  by 
F  E,  in  the  direction  F  E,  we  may  resolve  this  force  into  the  two 
forces  E?i,  E^j,  one  of  which  E»i  is  solely  employed  in  dragging 
the  cart  up  the  inclined  plane  D  A,  while  the  other  E  ^  is  solely 
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employed  in  pressing  the  first  horse  K  to  the  ground.  Let  the 
horse  be  now  removed  from  R  to  R',  the  direction  of  the  traces 
becomes  RF'E,  and  F' E  z:  FE  is  the  power  exerted  by  the 
horse  at  R',  and  the  direction  in  which  it  is  exerted.  But  tliis 
force  is  equivalent  to  the  forces  £  m,  'Ef,  the  first  of  which 


acts  directly  against  the  load,  while  the  other  presses  the  horse 
against  the  ground.  Hence  we  see  the  disadvantages  of  long 
traces,  for  the  force  which  draws  the  load  when  the  horse  is  at 
R'is  to  the  force  when  the  horse  is  at  R,  as  Em  to  En,  and  the 
forces  which  press  the  horse  upon  the  ground  as  E/to  Ef,  .. .  ■ 


...  or  as  F'm  to  F  »i.  Now  E0=  Fji— FE  x  sin.  nEF;  hence 
F  f  =  F  E  X  sin.  (n  iig'  —  F  iig')  (r/'  E  being  parallel  to  A  B') 
and  En=:  EF  x  cos.  (nEf/'—  FE?')-  I"  ''l<c  manner  wc 
have  Ef=FEx  sin.  (nEg'  —  F'E</'),  and  E  m  =  E  F  x 

cos.  inEg'  —  F'Eg').  ,  Now  sin.   FEy  =  ^in.  FE^  =  ^, 

and  sin.  F  Eg'  =  ^,  =  jrj|, ;   but  R  </  =  R'  jr'  =  B  R  — 

J;Q=:BR—  BRx  cos.  nEg'  z:  B  R  x  (l  —  cos.  uEg). 
By  substituting  this  value  in  the  equations  which  contain  the 
values  of  E  ip.  En,  Ef,  Em,  and  considering  that  the  angles 
FEg',  F'Ey',  are  always  so  small  that  their  arcs  differ  very 
little  from  their  sines,  we  have  


FEg  = 


BR  X  1- 


E  R 


COS.  nEg        .  F'EV  =  BR  X  I  — cos.  nEjr 
—  >  and  ^ —  


BR' 


By  substituting  these  values  in  the  preceding  equations,  we 
have 


Ep  ■=  EF  X  sin.  {nEg 

Efn  =  EF   X  sin.  (nEg  — 

En  =  EF  X  cos.  {nEg  — 

Em  •=.  E  F   X  cos.  (nEq  — 


B  R  X   1  —  COS.  n  Eg 


ER 


B  R  X   I  —  cos,  n  Eg 
ER?  ' 

B  R  X   1  —  COS.  nE<? 
ER  ' 

B  R  X   I  —  COS.  n  Eg 


Suppose  AB  horizontal,  tlie  ascent  DC  A,  that  for  every 
6  feet,  as  C  N  in  a  horizontal  plane,  the  vertical  rise  N  A  sliould 
be  one  foot ;  this  slope  is  too  steep  for  any  common  road,  but 
-may  sometimes  be  met  with  in  ascents  from  stone  quarries, 
gravel  pits,  &c.  In  this  case,  the  angle  nE*;  will  he  nearly 
9°  28',  which,  expressed  in  decimal  parts  of  the  radius,  gives 
sine 016522,  and  cos.  ?j  E ^r  =:  0-98638.  ThcnifEF=  200 lbs. 
BRzz  31  feet,  ER  =  8  feet,  ER'  =  12  feet.  Then  shall 
we  have, 

F  ,  =  200  sin  (0-16522  -  ?±fl^«!5£)) 
=  200  sin.  9°  7'  29"  z=  31-716  lbs. 

FY  =  200  sin.  (0-16522  -  ■'■'"' ^' -J'^''")) 

=  200  sin.  9°  14' 29"=  3-2-25rbs. 

(3)   E  <7  =  200  COS.  9°  7'  '29"  zz  177-47  lbs. 

(4) B  7  =200  COS.  9°  14' 29"  =  197-404  lbs. 

Hence  it  appears,  that  the  horse  whose  breast  is  at  E  is 
pulled  downwards  by  the  other  horse,  with  a  force  equivalent 
to  about  32 lbs:  this  weight  is  small  for  a  horse  that  is  not 
fatigued  ;  but  we  should  consider,  that  when  drawing  up  a 
tteep  road  the  animal's  strength  is  much  weakened,  so  that  it 
17. 


(1) 
(2) 


may  be  obliged  to  yield  to  a  very  small  effort.  A  lengthening 
of  four  feet  to  a  trace  of  eight  feet,  will  produce  an  augmenta- 
tion of  3-2-2.5  —  31-716  zz  0  534  lbs.  in  the  effort  which  tends  to 
pull  the  shaft  horse  down,  and  a  diminution  of  197-47  —  197-404 
=  0066  lbs.  in  the  effort  which  raises  the  load  up  the  hill. 
These  quantities  are  not  considerable  ;  but  it  appeared  desirable 
to  explain  the  method  of  ascertaining  their  magnitude.  And  it 
may  be  added,  that  when  a  horse  pulls  for  only  a  short  time, 
as  a  few  minutes,  he  will  often  exert  a  force  equivalent  to  300 
or  600  lbs.  :  in  which  case,  the  tendency  to  pull  down  a  shaft 
horse  rising  a  hill  would  be  thrice  as  much  as  we  have  stated 
it  above  ;  a  force  against  which  no  horse  could  stand  in  such  a 
disadvantageous  position. 

On  the  Position  of  the  Centre  of  Gravitg,  and  the  manner  of 
disposing  the  Load. — If  the  axletree  of  a  two-wheeled  carriage 
pass  through  the  centre  of  gravity  of  the  load,  the  carriage  will 
be  in  equilibrio  in  every  position  in  which  it  can  be  placed  with 
respect  to  the  axletree ;  and  in  going  up  and  down  hill  the 
whole  load  will  be  sustained  by  the  wheels,  and  will  have  no 
tendency  either  to  press  the  horse  to  the  ground,  or  to  raise 
him  from  it.  But  if  the  centre  of  gravity  is  above  the  axle- 
tree,  as  it  must  necessarily  be,  according  to  the  present  con- 
struction of  wheel-carriages,  a  great  part  of  the  load  will  be 
thrown  on  the  back  of  the  horses  from  the  wheels  when  going 
down  a  steep  road,  and  thus  tend  to  accelerate  the  motion  of 
the  carriage  which  the  animal  is  striving  to  prevent;  Mhile,  in 
ascending  steep  roads,  a  part  of  the  load  will  be  thrown  behind 
the  wheels,  and  tend  to  raise  the  horse  from  the  ground,  when 
there  is  the  greatest  necessity  for  some  weight  on  his  back  to 
enable  him  to  fix  his  feet  in  the  earthy  and  overcome  the  great 
resistance  which  is  occasioned  by  the  steepness  of  the  road. 
On  the  contrary,  if  the  centre  of  gravity  is  below  the  axle,  the 
horse  will  be  pressed  to  the  ground  in  going  up  hill,  and  lifted 
from  it  when  going  down.  In  all  these  cases,  therefore,  where 
the  centre  of  gravity  is  either  on  the  axletree,  or  directly  above 
it  or  below,  the  horse  will  bear  no  part  of  the  load  on  level 
ground  :  in  some  instances  he  will  be  lifted  from  the  ground, 
when  there  is  the  greatest  necessity  for  his  being  pressed  to  it, 
and  he  will  sometimes  bear  a  great  proportion  of  the  load, 
when  he  should  rather  be  relieved  from  it.  The  only  way  of 
remedjing  these  evils,  is,  to  assign  such  a  position  in  the 
centre  of  gravity,  that  the  liorse  may  bear  some  portion  of  the 
weight  when  he  must  exert  great  force  against  the  load,  that 
is,  in  level  ground,  and  when  he  is  ascending  steep  roads  ;  for 
no  animal  can  pull  with  its  greatest  effort,  unless  it  is  enabled 
to  use  its  feet  as  levers  upon  the  ground  as  a  prop  or  fulcrum. 
This  may  be  effected  in  the  following  manner: — Let  CDE 
(last  figure  but  two)  be  the  wheel  of  a  cart,  A  H  one  of  the 
shafts,  H  that  part  of  the  shaft  by  which  the  cart  is  suspended 
over  the  horse's  back,  A  the  axletree  ;  then  if  the  cart  and  the 
load  together  weigh  400lbs,  if  the  distance  .\  II  be  8  feet,  and 
if  the  horse  should  bear  50  lbs  of  the  weight,  then  b  A  should  be 
one  foot,  which  being  oue-eigbtb  of  \  H,  w  ill  make  the  prefigure 
2q 
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upon  H  exactly  60  lbs,  for  50  x  8  =  400,  the  whole  load.  If 
tlie  road  slopes  4  inches  in  a  foot,  b  Q  must  be  4  inches,  or  the 
angle  i  AQ  should  be  equal  to  tlie  inclination  o(  the  road  ;  lor 
then  the  point  Q  will  rise  to  a  m  when  ascending  S'jch  a  road, 
and  will  press  with  its  greatest  force  on  R  the  back  of  the 
horse.  In  a  word,  the  centre  of  gravity  Q  is  placed  in  a  point 
equidistant  from  the  two  wheels,  but  before  the  hue  of  trac- 
tion A  H,  and  before  the  axletree— the  horse  will  bear  a  certain 
weight  on  level  ground,  a  greater  when  goiug  up  hill  and  has 
more  occasion  for  it,  and  less  weight,  when  going  down  hill, 
and  does  not  require  to  be  pressed  to  the  ground.  When  carts 
are  not  made  in  this  manner,  we  may,  in  some  measure,  obtain 
the  same  result  by  judiciously  loading  them.  In  a  cart  loaded 
with  homogeneous  materials,  as  sand,  lime,  &c.  let  us  suppose 
the  centre  of  gravity  is  at  O,  we  should,  with  another  load  ot 
heterogeneous  materials,  or  bodies  of  dili'erent  weights,  place 
Ihe  heaviest  at  the  bottom  and  nearest  the  front,  which  would 
lower  the  point  «  ;  bring  it  further  forward,  and  nearer  its  pro- 
per position  Q,  where  part  of  the  load  suspended  before  the 
centre  of  gravity  would  still  come  nearer  Q  ;  but  then  the  poor 
horse  is  very  injudiciously  burdened. 

Description  of  different  Carriages  that  move  without  Horses.— 
In  the  annexed 
figure  is  repre- 
sented a  carriage 
invented  by  Mr. 
Richard,  a  phy- 
sician in  Rochelle, 
which  moves  with- 
out horses,  merely 
by  the  exertion  of 
the  passengers. 
The  machinery  by 
which  this  is  ef- 
fected, is  placed 
in  a  box  behind 
the  carriage,  and 
is  shewn  in  the 
2d  fioure,  where 
^xfs  fixed^nrlx,  and  B  a  pulley,  over  which  a  rope  passes 
whose  two  extremities  are  tied  to  the  ends  of  the  levers  or 
1 


been  lately  invented  and  constructed  by  Mr.  Nasmyth,  of 
Edinburgh,  a  gentleman  whose  mechanical  Acnius  is  scarcely 
inferior  to  his  talents  as  a  painter.  The  pul.ey  B  and  axle  A  A, 
are  rendered  unnecessary  ;  leather  straps  are  substituted  in 
place  of  the  cranks  F,  F,  and  the  whole  mechanism  is  contained 
in  two  small  cylindrical  boxes,  about  .six  inches  in  diameter, 
and  one  and  a  half  broad. 

A  carriage  driven  by  the  action  of  the  wind  is  exhibited  in 
the  annexed  figure.     It  is  fixed  on  four  wheels,  and  moved  by 

the  impulse  of 
the  wind  upon 
the  sails  C,D,be- 
ing  guided  by 
the  rudder  E. 
Carriages  of  this 
kind  will  answer 
very  well  in  a 
level  country 
where  the  roads 
are  good  and  the 
wind  fair;  and 
are  said  to  be 
used  in  China. 
In  Holland  they 
sometimes  use 
similar  vehicles 
for  travelling 
upon  the  ice ; 
but  they  have  a 
sledge  instead  of  wheels,  so  that  if  the  ice  should  happen  to 
break,  there  will  be  no  danger  of  sinking.  Stephinus,  a  Dutch- 
man, is  said  to  have  constructed  one  of  these  carriages  with 
wheels,  which  travelled  at  the  rate  of  21  miles  an  hour  with  a 
very  strong  wind. 

Dr.  Phebus,  of  New  York,  has  caused  a  wheel  to  be  con- 
structed which  is  put  in  motion  by  the  wiud.  The  plan  of  it  is 
very  simple.  It  has  eight  horizontal  spokes  attached  to  a  per- 
pendicular axle.  Every  one  of  the  spokes  is  furnished  with  a 
sail  which  extends  or  contracts  at  pleasure,  something  like  the 
sails  of  a  vessel.  Every  sail  is  hooked  up,  from  the  right  to 
the  left,  to  the  first  loop  of  that  which  follows  ;  and  they  are 
sufficiently  large  to  receive  the  full  impulse  given  by  the  wind. 
This  machine,  which  is  more  easy  to  conceive  than  to  describe, 
is  very  ingenious,  and  may  be  employed  in  a  great  number  of 
manufactures. 

The  carriage  represented  in  the  annexed  figure,  is  made  so' 
as  to  sail  against  the  wind  by  means  of  the  spiral  sails  E,  F, 
G,  H,  one  of  which,  F,  is  expanded  by  the  wind.     The  impulse 


treddlcs  C,  D ;  the  other  ends  of  the  levers  arc  fixed  by  joints 
to  the  cross  beam.  The  cranks  F  F  are  fixed  to  the  axle  K  L, 
and  move  upon  it  as  a  centre.  Each  of  them  has  a  detent 
tooth  at  F,  which  catches  in  the  teeth  of  the  wheels  H,  H,  so 
that  they  can  move  from  F  to  H  without  moving  the  wheel,  but 
the  detent  tooth  catches  in  the  teeth  of  the  wheels  when  the 
cranks  are  brought  backward,  and  therefore  bring  the  wheel 
along  with  them.  When  the  foot  of  the  passenger,  tliercfore, 
is  placed  upon  the  treddle  D,  it  brings  down  the  crank  F  and 
along  with  it  the  wheel  11,  so  that  the  large  wheels  fixed  on  the 
same  axis  perform  part  of  a  revolution ;  but  when  D  is 
depressed  the  rope  D  A  descends,  the  extremity  C  of  the  other 
treadle  rises,  and  tlic  crank  F  rising  along  with  it,  takes  into 
the  teeth  of  the  wheel  H,  so  that  when  the  elevated  treddle  C 
is  depressed,  the  wheels  H,  H,  and  consequently  the  wheels  1,1, 
perform  another  part  of  a  revolution.  In  this  way,  by  con- 
tinuing to  work  at  the  treddlcs,  the  machine  advances  with  a 

regular  pace.  ...  , 

A  carriage  of  this  kind,  where  the  mechanism  is  much  more 
simple  and  beautiful  than  that  which  we  have  described,  has 


of  the  wind  upon  the  sails  gives  a  rotatory  motion  to  the  axle 
M,  furnished  with  a  cog-wheel  K,  whose  trundles  act  upon 
teeth  placed  on  the  inside  of  the  two  fore  n  heels. 

A  carriage  which  cannot  be  overturned,  is  represented  in 
the  next  figure,  where  A  B  is  the  body  of  the  carriage,  con- 
sisting of  a  hollow  globe,  made  of  leather  or  wood,  at  the 
bottom  of  which  is  placed  an  immoveable  weight.  Two  hori- 
zontal circles  of  iron,  D,  E,  connected  with  bars  H,  1,  and  two 
vertical  circles  F,  G,  surround  the  globe  ;  and  the  wheels  are 
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fastened  by  a  han- 
dle K  to  the  per- 
pendicular bars 
H,  I.  O,  P,  are 
handles  or  shafts 
by  which  to  move 
the  machine  alons:. 
Nis  one  wheel,  and 
on  the  opposite 
side  is  another.  O 
is  a  window.  The 
door  may  be  next 
to  O  P.  Then, 
since  the  body  of 
the  carriat^e  moves 
freely  in  every  di- 
rection within  the 
iron     circles,     the 

centre  of  gravity  will  always  be  near  C,  and  the  carriage  wil! 
preserve  an  upright  position  even  if  the  wheels  and  frame  were 
overturned. 

Stage  Coaches  and  Wagr/ons.—Thc  danf^er  of  a  star/e  coach 
overturning,  arises  either  from  two  wheels  on  one  sicle  being 
driven  into  a  hole,  a  ditcli,  or  over  a  high  bank,  or  running 
quickly  to  the  side  of  a  road  very  much  rounded  from  its 
crown;  or  from  turning  a  sharp  corner  with  great  velocity. 

The  hreaking  down  of  any  coach  is  a  disastrous  and  fatal 
accident,  which  will  happen  in  future,  as  it  has  happened  here- 
tofore; and  can  only  be  prevented  by  the  use  of  two  pairs  of 
idle  wheels  placed  within  the  wheels  in  use,  which  is  much  the 
same  as  if  we  were  travelling  in  two  separate  carriages. 

A  coach  may  be  overturned  by  the  centre  of  gravity  being 
placed  too  high.  Holes,  ditches,  banks,  rounded  roads,  cor- 
ners, and  unequally  loading  to  displace  the  centre  of  gravity,  are 
all  to  be  avoided  by  care,  skill,  and  prudence;  and  in  general 
by  having  the  wheels  perpendicular  to  the  road,  i.  e.  to  the 
horizon,  for  the  broader  the  base,  and  the  nearer  the  line  of 
direction  is  to  the  centre,  the  more  firmly  does  the  coach  roll 
along  ;  on  the  contrary,  the  narrower  the  base,  i.  e.  the  wheels, 
such  as  the  conical,  and  the  nearer  the  line  of  direction  is  to 
its  side,  the  more  easily  may  the  coach  be  overthrown. 

Suppose  an  overloaded  waggon  slopes  on  an  uneven  road, 
as  shewn  in  the  annexed  figure,  till  the 
centre  of  gravity  is  at  the  point  A  ;  your 
eye  will  tell  you  that  a  vehicle  thus 
situated,  must  overset;  and  the  reason 
is,  that  the  centre  of  gravity  A,  is  not 
supported  ;  for  if  you  draw  a  perpendi- 
cular line  from  it  to  the  ground  at  C,  it 
does  not  fall  under  the  waggon  within 
the  wheels,  and  is  therefore  not  sup- 
ported by  them.  If,  however,  we  re- 
move the  centre  of  gravity  to  J},  by 
taking  off  the  upper  part  of  the  load,  the 
waggon  will  not  overturn,  because  the 
line  of  direction  B  D  falls  within  the  wheels  at  D. 

The  wheels  of  carriages  turn  round,  on  account  of  the  fric- 
tion they  sustain  in  contact  with  the  roads  ;  and  large  wheels 
are  more  advantageous  than  small  ones.  In  four-wheeled  car- 
riages, the  fore  wheels  are  made  smaller  than  the  hind  ones,  for 
the  conveniency  of  turning  ;  otherwise  they  would  be  better  of 
the  same  size.  Broad  wheels  are  better  for  heavy  carriages — 
such  as  waggons — because  they  press  and  harden,  instead  of 
cutting  up  the  roads,  as  small  wheels  do. 

Much  attention  has  of  late  been  paid  to  the  safety  of  pas- 
sengers, by  the  construction  of  coaches  in  whicli  the  centre  of 
gravity  is  brouglit  very  low,  and  the  risk  thereby  greatly 
lessened.  The  legislature  should  pass  an  act  to  eon'ipel  wag- 
gon-masters, van-proprietors,  and  coach-makers,  to  turn  out 
such  machines  only  as  have  their  centres  of  gravity  placed 
within  the  line  of  direction,  when  loaded  at  their  utmost 
draught.  It  may  be  indifferent  to  draught,  whether  a  ton  be 
placed  on  the  roof  of  a  coach,  or  at  its  floor  2  feet  from  the 
ground  ;  but  it  is  material  to  danger  and  safety,  that  a  ton 
weight  be  within  2,  rather  than  7  feet  of  the  ground. 


CARTES,  Rennes  des,  a  celebrated  French  mathematician. 
Des  Cartes  explains  mechanically  how  the  world  was  formed 
and  how  the  present  phenomena  of  nature  came  to  arise.  He 
supposes  that  God  created  matter  of  an  indefinite  extension 
which  he  separated  into  small  square  portions  or  masses  full 
of  angles:  that  he  impressed  two  motions  on  this  matter-  the 
one,  by  which  each  part  revolved  about  its  own  centre ;' and 
another,  by  which  an  assemblage,  or  system  of  them,  tiirned 
round  a  common  centre.  From  whence  arose  as  many  dif- 
ferent vortices,  or  eddies,  as  there  were  different  masses  of 
niatter,  thus  moving  about  common  centres. 

The  consequence  of  these  motions  in  each  vortex,  according 
to  Des  Cartes,  is  as  follows:— The  parts  of  matter  could  not 
thus  move  and  revolve  amongst  one  another,  without  having 
their  angles  gradually  broken  ;  and  this  continual  friction  of 
parts  and  angles  must  produce  three  elements  ;  the  first  of 
these,  an  infinitely  fine  dust,  formed  of  the  angles  broken  off; 
the  second,  the  spheres  remaining  after  all  the  angular  parts 
arc  thus  removed;  and  those  particles  not  yet  rendered  smooth 
and  spherical,  but  still  retaining  some  of  their  angles  and 
faamous  parts,  from  the  third  element. 

Now  the  first  or  sublilest  clement,  according  to  the  laws  of 
motion,  must  occupy  the  centre  of  each  system,  or  vortex,  by 
reason  of  the  smallness  of  its  parts:  and  this  is  the  niatter 
which  constitutes  the  sun,  and  the  fixed  stars  above,  and  the 
fire  below.  The  second  element,  made  up  of  spheres,  forms 
the  atmosphere,  and  all  the  niatter  between  the  earth  and  the 
fixed  stars,  in  such  sort,  that  the  largest  spheres  are  always 
next  the  circumference  of  the  vortex,  and  the  smallest  next  the 
centre.  The  third  element,  formed  of  the  irregular  particles, 
is  the  matter  that  composes  the  earth,  and  all  terrestrial  bodies] 
together  with  comets,  spots  in  the  sun,  &.e. 

He  accounts  for  the  gravity  of  terrestrial  bodies  from  the 
centrifugal  force  of  the  ether  revolving  round  the  earth  ;  and 
upon  the  same  general  principles  he  pretends  to  explain  the 
phenomena  of  the  magnet,  and  to  account  for  all  the  other 
operations  in  nature. 

Des  Cartes  infers  the  existence  of  God  from  the  principle, 
I'  Cogito,  ergo  sum;"  "  I  think,  therefore  I  am  !"  and  thinks  his 
inference  just,  because  it  satisfies  his  reason  :  he  proceeds  on  a 
supposition,  that  what  satisfies  his  reason  is  true  ;  and  takes  it 
for  granted,  that  his  reason  is  not  a  fallacious  but  a  true  faculty  : 
hence  his  argument  proceeds  on  a  supposition,  that  the  point 
to  be  proved  is  true.  He  therefore  attempts  to  prove  the 
truth  of  our  faculties  by  an  argument  which  evidently  and 
necessarily  suppo.ses  their  truth  ;  and  consequently  his  meta- 
physics is  built  on  sophisms.  As  this  philosopher  doubted 
where  he  ought  to  have  been  confident,  so  he  is  often  confident 
vyherc  he  ought  to  doubt.  He  admits  not  his  own  existence 
till  he  thinks  he  has  proved  it;  yet  his  system  is  replete  with 
hypotheses,  taken  for  granted  without  proof,  almost  without 
examination.  He  sets  out  with  tlic  profession  of  universal 
scepticism,  while  many  of  his  theories  are  founded  on  the  most 
unphilosophical  credulity.  Des  Cartes  erred  materially  when 
he  concluded,  that  the  most  perfect  kind  of  science  was  to  be 
arrived  at  by  inferring  efl'ecfs  from  their  causes  ;  for,  con- 
sistently with  this  conclusion,  he  endeavoured,  from  his  know- 
ledge ol  the  Deity,  (which  must  necessarily  be  imperfect,)  to 
deduce  an  explication  of  all  his  work,  and  thus  produced  a 
system  almost  in  every  respect  repugnant  to  truth  and  expe- 
riment. Des  Cartes  was  so  far  from  applying  geometry  and 
observations  to  natural  philosophy,  that  his  whole  system  is 
one  continued  blunder,  on  account  of  his  negligence  in  that 
point.  His  theory  of  vortices,  upon  which  his  system  is 
founded,  is  absolutely  false  ;  for  Newton  has  slienn,"  that  the 
periodical  times  of  all  bodies  that  swim  in  vortices,  must  be 
directly  as</if  si/uares  of  their  distnttcrs  from  the  centre  of  them  ; 
but  it  is  evident,  from  observations,  that  tlie  planets,  in  mov- 
ing round  the  sun,  observe  a  law  quite  different  from  this  ;  for 
the  squares  of  their  periodical  times  are  always  as  the  cubes  of 
their  distances ;  and  therefore,  since  they  do  not  observe  that 
law,  which  of  necessity  they  must  if  they  swim  in  a  vortex,  it 
is  a  demonstration  that  there  are  no  vortices  in  which  the 
planets  are  carried  round  the  sun  ;  and  therefore  Des  Cartes' 
hypothesis  is  absurd,  irrational,  and  not  capable  of  matheinu- 
tical  proof. 
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The  Cartesian  system  has  been  often  altered  and  mended  ; 
many  ingenious  men,  for  full  a  century,  employing  their  talents 
in  reformins  one  part  and  new-modelling  anotlier.  But  it  is 
now  acknowledged  on  all  hands,  that  the  foundation  was 
faulty,  and  the  superstructure  erroneous ;  so  that  the  fabric, 
though  allowed  to  be  a  work  of  genius,  is  abandoned  to  neglect 
and  ruin,  and  is  pointed  at  as  a  memorial  of  philosophical 
presumption.  Yet  this  system,  or  one  much  more  absurd,  has 
been  broached  of  late,  by  a  person  w  ho  denominates  his  vaga- 
ries, "  the  philosophy  of  Atomic  motion."  Des  Cartes  died 
in  1650. 

CARTWRIGHT,  a  person  who  makes  carts,  ploughs,  har- 
rows, wheelbarrows,  and  in  short  all  sorts  of  country  and  farm- 
ing carpentry, — for  the  word  wrir/ht  signifies  in  the  North,  a 
joiner.  But  cartwrights  are  co-nfounded  with  wheelivrights, 
though  the  latter  only  were  recognized  in  old  times  as  the 
legitimate  makers  of  carriages,  of  what  name  soever  these 
might  be  called. 

CASKS,  The  Manufacture  of,  is  now  much  facilitated  by 
machinery,  which  was  invented  by  Messrs.  Plakete  and  Brown, 
in  1811,  and  is  thus  perspicuously  described  in  Dr.  Gregory's 
"  Mechanics." 

"  First.  The  machinery  for  cutting  the  stave  consists  of  a 
stout  bench,  having  a  board  or  platform  annexed  to  it,  capable 
of  being  moved  endways,  to  which  another  board  is  connected, 
so  arranged  as  to  be  moved  across  it  steadily  by  racks  and 
pinions,  or  screws.  This  last  board  has  a  hollow  part  made  in 
it,  in  which  the  staveboard  may  be  laid,  so  that  one  edge  of  it 
may  project  clear  beyond  the  edge  of  the  first  mentioned  board  : 
a  circular  saw  is  placed  either  above  or  below  the  bench, 
having  its  axis  at  right  angles  to  the  line  of  motion  of  the  first 
mentioned  board,  and  opposed  to  the  direction  of  the  course  of 
the  projecting  part  of  the  staveboard  :  this  circular  saw  is  made 
flat,  when  the  straight-edged  staves  are  to  be  cut ;  and  is 
dished,  or  of  a  spherical  shape,  when  staves  with  curved  edges 
are  wanted. 

"  The  board  first  mentioned  is  moved  either  in  a  right  line, 
or  is  made  to  assume  a  curved  course  by  being  confined  in 
its  motion  by  curved  grooves,  or  by  curved  rods  moving 
against  pins  ;  and  by  the  proper  management  of  these  sliding 
boards,  the  staveboard  is  cut  by  the  circular  saw,  of  the  shape 
desired. 

"  The  machinery  next  used  consists  of  a  large  lathe,  in  which 
the  cask  is  turned  in  a  vertical  position  when  it  is  of  a  large 
size,  (after  it  is  formed  in  the  usual  manner  from  the  staves 
prepared  as  above  described,)  being  either  fixed  in  a  great 
chuck  placed  beneath  it,  or  in  a  cylindrical  cage,  which  sur- 
rounds it,  fixed  upon  a  strong  upright  arbor,  and  revolving 
between  collars,  where  it  serves  the  ofiice  of  a  mandril.  In  this 
lathe  the  chime  and  groove  for  receiving  the  head  are  turned 
in  the  cask  by  the  application  of  a  proper  tool.  When  the  cask 
is  small,  the  cage  is  made  to  turn  in  a  horizontal  position, 
instead  of  revolving  vertically. 

"  The  third  operation  is  to  form  the  head,  which  is  pinioned 
together  as  usual,  after  having  the  pinholes  made  by  piercers, 
projecting  from  the  mandril  of  a  lathe  ;  the  distances  and  depth 
of  which  holes  are  correctly  regulated  by  gauges  ;  it  is  then 
turned  on  a  fiat  revolving  table,  from  which  points  project  to 
hold  it  fast,  and  against  which  it  is  held  by  another  revolving 
piece,  that  is  screwed  towards  the  first,  where  it  is  brought  to 
the  proper  size  of  the  cask  by  fit  tools. 

"  The  fourth  operation  is  to  turn  the  whole  cask  at  the  out- 
side ;  for  which  purpose,  it  is  placed  in  a  large  lathe  betxveen 
two  chucks,  made  to  fit  into  the  chines,  and  attached  to  the 
head  by  points  ;  and  then  the  surface  of  the  cask  is  turned 
smooth  by  aspokeshave,  or  other  fit  instrument,  held  against  it 
by  a  rest  properly  placed  for  the  purpose. 

"  The  patentees  bend  the  wooden  hoops  for  their  casks  in  a 
more  expeditious  manner,  by  fastening  one  end  of  tl.em  to  the 
circumference  of  a  wheel,  and  pressing  them  against  the  wheel 
as  it  is  turned  round  :  they  also  describe  a  method  of  forming 
the  projecting  part  in  the  bung  staves  of  the  small  casks,  called 
bottles,  by  fiat  orconcave  circular  saws,  which  cut  the  face  of  the 
stave  on  each  side  close  up  to  the  projection;  and  lastly,  in 
giving  motion  to  this  machinery,  the  inventors  use  any  of  the 
usual  first  movers,  and  millwork,  as  may  be  necessary." 


CASSINI,  John  Dominic,  an  eminent  astronomer,  born  at 
a  town  in  Piedmont,  in  1C25.  In  1650  he  was  invited  to  the 
senate  of  Bologna  to  be  their  public  mathematical  professor, 
while  he  was  yet  but  twenty-five  years  of  age.  He  resolved  an 
astronomical  problem,  which  Kepler  and  Bullialdus  had  given 
up  as  insolvabic,  viz.  to  determine  geometrically  the  apogee 
and  eccentricity  of  a  planet,  from  its  true  and  mean  place.  In 
1666  he  printed  at  Rome  a  collection  of  astronomical  pieces, 
and  among  others,  a  "Theory  of  Jupiter's  Satellites."  Cassini 
died  in  171"2,  in  the  87th  year  of  his  age. 

Cassini,  John  .James,  the  son  and  successor  of  the  above, 
born  at  Paris  in  1677,  and  educated  at  the  Mazarine  College, 
under  Varignon,  Professor  of  Mathematics.  At  the  age  of 
seventeen  he  was  admitted  a  member  of  the  Academy  of 
Sciences;  and  in  161)6  he  visited  England,  where  he  was 
chosen  a  Fellow  of  the  Royal  Society.  He  succeeded  his 
father  in  1712,  and  enriched  the  stock  of  science  with  many 
valuable  discoveries.     He  died  in  consequence  of  a  fall,  in  1756. 

CASSIOPEIA,  one  of  the  Northern  Constellations,  repre- 
sented as  the  Wifeof  Cepheus.and  Mother  of  Andromeda,  but  is 
called  El  Seller,  the  Cedar  tree,by  Ulug  Beig. — The  boundaries 
and  contents  are:  north  by  Tarandus,  east  by  Camelopardalis 
and  Perseus,  south  by  Andromeda,  and  west  by  Cepheus.^.  This 
constellation,  situated  between  45°  and  75°  north  declination, 
passes  vertically  over  the  British  isles,  and  a  large  portion  of 
Europe.  It  lies  between  47°  and  55°  right  ascension.  It  contains 
55  stars,  viz.  five  of  the  3d  magnitude,  five  of  the  4th,  &c.  The 
head  and  body  of  this  lady  are  placed  in  the  Milky  Way,  her 
right  foot  resting  on  the  Arctic  Circle.  Relatively  to  the  two 
Bears,  Cassiopeia  is  placed  opposite  to  the  space  between 
them,  and  she  is  very  easily  distinguished  by  five  stars  of  the 
3d  magnitude.  In  the  year  1752,  'Tycho  Brahe  discovered  in 
this  constellation,  a  new  star  w  hich  shone  with  more  light  than 
Venus,  till  1574,  when  it  disappeared  entirely.  Schedir,  a, 
having  7°  35'  7",  or  Oi>  29'  40"  right  ascension,  and  55°  32"  58" 
declination  north,  culminates  or  comes  to  the  meridian  at  Lon- 
don, for  the  first  day  of  every  month  during  the  year,  as  shewn 
in  the  following  table  :  Meridian  Altitude  85°  58'  2"  north. 

Month. 

May 
June 
July 

Aug. 

CASTING  and  Moulding.  The  9rt  of  taking  impressions 
from  pieces  of  sculpture,  medals,  &,c.  is  of  importance  in  the 
fine  arts.  To  procure  a  east  from  any  figure,  bust,  medal,  &c. 
it  is  necessary  to  obtain  a  mould,  by  pressing  upon  the  thing 
to  be  copied  some  substance  capable  of  being  forced  into  all 
the  cavities  or  hollows  of  the  sculpture.  When  this  mould  is 
dry  and  hard,  some  substance  which  will  fill  all  the  cavities  of 
the  mould  is  poured  into  it :  the  form  of  the  original  from  which 
the  mould  was  taken,  is  now  accurately  represented.  Mould- 
ing in  any  particular  manner  depends  upon  the  form  of  the 
subject.  When  there  are  no  projecting  parts  but  such  as  form 
rectilineal  angles  with  the  principal  surface  of  the  body, 
nothing  more  is  necessary  than  to  cover  it  over  with  the  sub- 
stance of  which  the  mould  is  to  be  formed,  and  to  take  it  off 
clean,  and  without  bending.  It  umy  be  laid  horizontally,  and 
will  bear  to  be  oiled  without  injury. 

The  substances  used  for  moulding  are  various,  according 
to  the  nature  and  the  situation  of  the  sculpture,  as  wax. 
metal,  plaster  of  Paris,  &c.  This  last  is  prepared  in  a  fine 
powder  mixed  with  water,  and  poured  over  the  mould  to  a 
convenient  thickness,  after  oiling  it,  to  prevent  the  plaster  from 
sticking.  A  compositionof  bees' wax,  resin,  and  pitch,  makes  a 
very  desirable  mould,  if  many  casts  are  to  be  taken.  If  the  situa- 
tion of  the  sculpture  be  perpendicular,  clay,  or  some  similar 
substance,  must  be  used.  The  best  kind  of  clay  is  that  with 
which  sculptors  make  their  models;  it  is  worked  to  a  due  con- 
sistence, and  having  spread  it  out  to  a  size  suflicicnt  to  cover 
all  the  surface,  it  is  sprinkled  over  with  whiting,  to  prevent  it 
from  adhering  to  the  original.  Bees'  wax  and  dough,  or  the 
crumb  of  new  bread,  may  also  be  used  for  moulding  some 
small  subjects,  as  impressions  of  seals  and  bijoux.    When 


HoNTn. 

ClLM. 

ho.  mi. 

Jan. 

5  43  A. 

Feb. 

3  31   A. 

March 

1  46  A. 

April 

11  41  M. 

CCLM. 

Month. 

Culm. 

ho.  mi. 

ho.  mi. 

9  51  M. 

Sept. 

1  41  M. 

7  41  M. 

Oct. 

11  54    A. 

5  41  M. 

Nov. 

10     1    A. 

S  41  M. 

Dec. 

7  56    A. 
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there  are  nndcrcuttings  in  tlie  lias-rclicf,  they  must  be  first  filled 
np  before  it  can  be  moulded,  otherwise  the  mould  could  not  be 
cot  oil'.  When  the  casts  are  taken  afterwards,  these  places 
must  be  worked  out  with  a  proper  fool.  When  the  model,  or 
original  subject,  is  of  a  round  form,  or  projects  so  much  tliat  it 
cannot  be  moulded  in  this  manner,  the  mould  must  be  divided 
into  se-veral  parts ;  and  it  is  freruently  necessary  lo  cast 
several  parts  separately,  and  afterwards  to  join  them  together. 

In  this  case,  the  plaster  must  be  tempered  with  water  to 
guch  a  consistence,  that  it  may  be  worked  like  soft  paste,  and 
laid  on  with  some  convenient  instrument,  compressin};  it  till 
it  adapt  itself  to  all  parts  of  the  surface.  When  the  model  is 
thus  covered  to  a  convenient  thickness,  the  whole  is  left  at 
rest  till  tlie  plaster  become  firm,  so  as  to  bear  dividing  uilhout 
falling  to  pieces  by  any  slight  violence  ;  it  must  then  be  divided 
into  pieces  to  be  taken  from  the  model.  This  is  done  by  cut- 
ting it  with  a  thin-bladed  knife  ;  being  now  divided,  it  must  be 
cautiously  taken  oil',  and  kept  till  dry  ;  but,  before  the  separa- 
tion of  the  parts  is  made,  they  are  notched  across  the  joints,  at 
proper  distances,  that  they  may  with  certainty  be  put  together 
again.  The  art  of  properly  dividing  the  moulds,  to  make  them 
separate  from  the  model,  requires  dexterity  and  skill.  Where 
the  subject  is  of  a  round  or  spheroidal  form,  it  is  best  to  divide 
the  mould  into  three  parts,  which  will  then  easily  come  ofl' from 
the  model ;  and  the  same  will  hold  good  of  a  ej  Under,  or  any 
regular  curve  figure. 

The  mould  being  thus  formed,  and  dry,  and  the  parts  put 
together,  it  must  be  first  oiled,  and  placed  in  such  a  position 
that  the  hollow  may  lie  upwards.  It  is  then  filled  with  plaster 
mixed  with  water ;  and  when  the  cast  is  perfectly  set  and  dry, 
it  is  taken  out  of  the  mould,  and  repaired  where  necessary. 
This  finishes  the  operation.  In  larger  masses,  where  there 
would  otherwise  be  a  great  thickness  of  the  plaster,  a  core  may 
be  put  within  the  mould,  as  was  observed  in  regard  to  the  cast- 
ing of  statues,  to  produce  a  hollow  in  the  cast.  This  saves 
expense  of  plaster,  and  renders  the  east  lighter. 

In  the  same  manner,  figures,  busts,  &c.  may  be  east  of  lead, 
r,r  any  other  metal,  in  the  moulds  of  plaster  orelay  ;  the  moulds 
must  be  perfectly  dry,  for  should  there  be  any  moisture,  the 
sudden  heat  of  the  metal  will  convert  it  into  vapour,  and  pro- 
duce by  its  expansion,  an  explosion,  that  would  blow  the 
melted  metal  about  to  the  great  danger  of  the  artist. 

To  take  a  Cast  in  Uletalfrom  any  small  Animal,  Tiisfi-I,  or 
Vet/etable, — Prepare  a  box,  sufliciently  large  to  hold  the  animal, 
in  which  it  must  be  suspended  by  a  string  :  the  legs,  wings,  &c. 
of  the  animal,  or  the  tendrils,  leaves,  &c.  of  the  vegetable,  must 
be  separated  and  adjusted  in  their  ri^ht  position  by  a  pair  of 
pincers.  A  due  quantity  of  plaster  of  Faris  mixed  with  tale, 
must  be  tempered  to  a  proper  consistence  with  water,  and  the 
sides  of  the  box  oile<l.  Also  a  straight  piece  of  stick  must  be 
put  to  the  principal  part  of  the  body,  and  pieces  of  wire  to  the 
extremities  of  the  other  parts,  that  they  may  form,  w  hen  drawn 
out  after  the  matter  of  the  mould  is  set  and  firm,  proper  chan- 
nels for  pouring  in  the  metal,  and  vents  fur  the  air,  which 
otherwise,  by  the  rarefaction  it  would  undergo  from  the  heat  of 
the  metals,  woidd  blow  it  out,  or  burst  the  mould.  In  a  short 
time  the  plaster  will  set,  and  become  hard ;  the  stick  and  w  ires 
may  now  be  drawn  out,  and  the  frame  in  which  the  mould  was 
cast  taken  away;  and  the  mould  must  then  be  put,  first,  into  a 
moderate  heat,  and,  afterwards,  when  it  is  as  dry  as  it  can  be 
rendered  by  that  degree,  removed  into  a  greater,  which  may  be 
gradually  increased,  till  the  whole  be  red  hot.  The  animal  or 
vegetable  enclosed  in  the  mould  will  then  be  burnt  lo  a  coal  ; 
and  may  be  totally  calcined  to  ashes,  by  blowing  for  some 
time  into  the  charcoal  and  passages  made  for  pouring  in  the 
metal,  and  giving  vent  to  the  air.  This  operation,  at  the  same 
time  that  it  destroys  the  remainder  of  the  animal  or  vegetable 
matter,  will  blow  out  the  ashes.  The  mould  is  then  allowed  to 
cool  gently:  tlu?  destruction  of  the  substance  that  had  been 
included  in  it,  has  now  produced  a  corresponding  hollow  ;  but 
it  may  nevertheless  be  proper  to  shake  the  mould,  and  blow 
with  bellows  into  each  of  the  air  vents,  to  free  it  wholly  from 
any  remaining  ashes  ;  where  there  may  be  an  opportunity  of 
filling  the  hollow  with  quicksilver,  it  will  be  found  an  ell'ectual 
method  of  cleaning  the  cavity,  as  all  dust  and  ashes  must  rise 
to  the  surface  of  the  quicksilver,  and  be  poured  out  with  it. 
17. 


The  mould  being  thus  prepared,  must  be  heated  very  hot, 
when  used,  if  the  cast  is  to  be  made  of  copper  or  brass,  but 
a  less  degree  will  serve  for  lead  or  tins.  The  metal  being 
poured  into  the  mould,  it  must  be  gently  struck,  and  then 
suffered  to  rest  till  it  be  cold;  it  is  then  carefully  taken  from 
the  cast,  but  without  force;  such  parts  of  the  matter  as  appear 
to  adhere  more  strongly,  are  to  be  softened,  by  soaking  in  water 
till  they  be  entirely  loosened,  that  none  of  the  more  delicate 
parts  of  the  cast  may  be  broken  offer  bent. 

When  talc  cannot  be  obtained,  plaster  alone  may  be  used; 
it  is  apt  however  to  be  calcined,  by  the  heat  used  in  turning 
the  animal  or  vegetable  from  whence  the  cast  is  taken,  and  to 
become  of  too  incoherent  and  fusible  a  texture.  _  .Stourbridge 
clay,  washed  perfectly  fine,  and  mixed  with  an  equal  part  of 
fine  sand,  niay  be  employed.  Pounded  pumice-stone,  and 
plaster  of  Paris,  in  equal  quantities,  mixed  with  washed  clay 
in  the  same  proportion,  make  exellent  moulds. 

To  take  a  Cast  in  Plaster  from  a  I'erson's  Face.—  The  person 
whose  likeness  is  recjuircd  in  plaster,  lays  down  on  his  back, 
the  hair  is  tied  back,  so  that  none  of  it  may  cover  the  face.  Into 
each  nostril  a  ccnieal  piece  of  stiff  paper  open  at  both  ends  is 
conveyed,  to  allow  of  breathing.  The  face  is  then  lightly  oiled 
over  with  salad-oil,  to  prevent  the  plaster  from  sticking  to  the 
skin.  Fresh  burnt  plaster  is  in.'xed  with  water  to  a  proper 
consisteiicc,  and  poured  in  spoonfuls  all  over  the  face,  (tak- 
ing care  the  eyes  are  shut,)  till  it  is  entirely  covered  to  the 
thickness  of  a  ((uarter  of  an  inch.  This  substance  will  grow 
sensibly  hot,  but  this  the  patient  must  not  fear  ;  for  in  a  few 
minutes  the  plaster  will  be  hard.  This  being  taken  off,  will 
form  a  mould,  in  which  a  head  of  clay  may  be  moulded,  and 
therein  the  eyes  may  be  opened,  and  such  other  additions  and 
corrections  may  be  made  as  are  necessary.  Then,  this  second 
face  being  anointed  in  oil,  a  second  mould  of  plaster  is  made 
upon  it,  consisting  of  two  parts  joined  lengthwise  along  the 
ridge  of  the  nose  ;  and  in  this  a  cast  in  plaster  is  taken,  as  an 
exact  likeness  of  '.lie  original. 

To  take  Casts  from  ^Iedals. — To  take  copies  of  medals,  a 
mould  must  first  be  made,  of  plaster  of  Paris,  or  of  melted 
sulphur.  After  having  oiled  the  surface  of  the  medal  with  a 
little  cotton,  or  a  camel's  hair  pencil  dipped  in  oil  of  olives,  a 
hoop  of  paper  must  be  put  round  the  medal,  standing  up  above 
the  surface,  of  the  thickness  you  wish  the  mould  to  be.  Take 
now  some  plaster  of  Paris,  mix  it  with  water  to  the  consistence 
of  cream,  and  with  a  brush  rub  it  over  the  surface  of  the  medal, 
to  prevent  airholes  from  appearing  ;  then  immediately  after- 
wards make  it  to  a  sufiicient  thickness,  by  pouring  on  more 
plaster.  Let  it  stand  half  an  hour,  when  it  will  have  grown  so 
liard,  that  you  may  safely  take  it  off;  then  pare  it  smooth  on 
the  back,  and  round  the  edges  neatly.  In  cold  or  damp  wea- 
ther it  should  be  dried  before  a  brisk  fire.  When  the  mould  is 
large,  if  you  cover  its  face  with  fine  plaster,  a  coarser  sort  will, 
do  for  the  back:  but  no  more  plaster  should  be  mixed  up  at 
one  time  than  can  be  used,  as  it  will  soon  get  hard,  and  cannot 
be  softened  without  being  burned  over  again.  Sulphur  must 
not  be  poured  upon  silver  medals,  as  this  will  tarnish  them. 

To  prepare  your  mould  for  casting  sulphur,  put  plaster  of 
Paris  into  it,  take  half  a  pint  of  boiled  linseed  oil,  and  one 
ounce  of  oil  of  turpentine,  and  mix  them  together  in  a  bottle; 
dip  the  surface  of  the  mould  into  this  mixture  ;  take  the  mould 
out  again,  and  when  it  has  sucked  in  the  oil.  dip  it  again. 
Repeat  this  till  the  oil  begins  to  stagnate  upon  it  ;  then  take  a 
little  ('otton  wool,  hard  rolled  up.  to  prevent  the  oil  from  stick- 
ing to  it,  and  wipe  it  carefully  olV.  Lay  it  in  a  dry  place  for  a 
day  or  two,  (if  longer  the  better,)  and  the  mould  will  acquire  a 
very  hard  surface  from  the  effect  of  the  oil.  To  east  plaster  ot 
Paris  in  this  mould,  proceed  with  it  in  the  same  manner  as 
above  directed  for  obtaining  the  mould  itself,  first  oiling  the 
mould  with  olive  oil.  When  easts  are  wanted  of  sulphur,  the 
material  must  be  melted  in  an  iron  ladle. 

To  take  Casts  villi  Isinfllass. — Dissolve  isinglass  in  water 
over  the  fire.  With  a  hair  brush  lay  the  wetted  isinglass  over 
the  medal.  Cover  it  properly,  and  let  it  dry.  When  hard, 
raise  the  isinglass  with  the  point  of  a  knifi',  and  it  will  fly  ofl 
like  horn,  leaving  a  sharp  impression  of  the  medal.  You  may 
make  the  isinglass  of  any  colour,  by  mixing  that  colour  with  it 
when  in  a  state  of  solution ;  or  you  may  breathe  on  the  coDcave 
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side,  and  lay  gold  leaf  on  it,  which,  by  shining  through,  will 
make  it  appear  like  a  gold  medal.  A  little  carmine  mixed  with 
the  isinglass  will  give  it  the  appearance  of  a  copper  medal, 
observing  to  lay  the  gold  on  the  concave  side. 

To  cast  Small  Woilis  in  Sand. — The  sand  is  usually  a  soft 
yellowish  clammy  substance ;  but  as  we  see  it  in  an  iron  foun- 
dery,  it  is  black,  from  the  charcoal  which  the  workmen  strew 
over  it.  This  sand,  after  being  placed  over  a  trough  to  receive 
it,  is  worked  on  a  board,  with  a  roller  and  a  knife.  The  work- 
men then  take  a  board,  putting  a  ledge  round,  and  fill  it  with 
sand,  a  little  moistened,  to  make  it  coliere.  Then  the  wood  or 
metal  models  of  what  is  intended  to  be  cast,  are  applied  to 
the  mould,  and  pressed  into  the  sand,  to  leave  the  impression. 
Along  the  middle  of  the  mould,  half  of  a  small  brass  cylinder  is 
laid ;  the  melal  runs  through  this  chasm  into  the  models  ;  from 
this  are  placed  several  others,  to  each  model  placed  in  the  frame. 
After  the  frame  is  finished,  the  workmen  then  take  out  the 
patterns,  by  loosening  them  all  round,  that  the  sand  may  not 
give  way.  They  then  work  the  other  half  of  the  mould  with  the 
same  patterns,  in  another  frame.  In  this  last  frame  are  pins, 
■which,  entering  into  correspondent  holes  in  the  other,  make  the 
two  cavities  of  the  pattern  fall  exactly  on  each  other.  The 
frame  thus  moulded,  is  carried  to  the  melter.    He  extends  the 


chief  canal  of  the  counterpart,  adds  the  cross  canals  to  the 
several  models  in  both,  and  strewing  mill-dust  over  them,  dries 
them  in  an  oven.  Both  parts  of  the  mould  being  dry,  are 
joined  by  the  pins,  and  screwed  up  like  a  press.  While  the 
moulds  are  preparing,  the  metal  is  fusing  in  a  crucible  of  a 
size  proportionate  to  the  quantity  of  metal  intended  to  be  cast. 

To  cast  Cannon. — The  casting  cannons,  mortars,  and  other 
pieces  of  ordnance,  is  like  that  of  statues  and  bells,  especially 
as  it  regards  the  mould,  wax,  shell,  furnaces,  &c.  The  metal 
is  different,  however,  having  a  mi.xture  of  tin,  which  is  not  in 
that  of  statues  ;  and  only  half  the  quantity  of  tin  that  is  in  bells, 
at  the  rate  often  pounds  weight  of  tin  to  a  hundred  of  copper. 
Cannons  are  always  thickest  at  the  breach,  where  the  greatest 
eflort  of  the  gunpowder  is  made,  and  diminishing  thence  to  the 
muzzle  ;  so  that  if  the  mouth  be  two  inches  thick  of  metal,  the 
breech  is  six.  Its  length  is  measured  in  calibers,  or  diameters 
of  the  muzzle.  Six  inches  at  the  muzzle  require  twenty 
calibers,  or  ten  feet  in  length;  there  is  about  one-sixth  of  an 
inch  allowed  for  the  deviation  of  the  ball,  and  in  this  manner 
are  all  our  guns  estimated. 

CASTLE,  a  Fortress,  or  building  rendered  defensible  either 
by  nature  or  art.  In  the  following  engraving,  A  is  the  barbi- 
can ;  B  the  rf(te/(,  or  moat;  C  the  wall  of  the  outer  ballium  ; 


or  the  outer  baUium  ;  E  the  artificial  mount ;  F  the  wall  of  the 
inner  ballium  ;  G  the  keep,  or  dungeon.  All  the  towers,  maga- 
zines, &c.  speak  for  themselves.  Between  the  outer  ballium 
and  the  barbican,  and  directly  over  the  moat  or  ditch,  the 
drawbridge  is  constructed,  opening  or  rising  to  the  ballium 
gate,  and  leaving  the  way  impassable  to  those  who  may  try  to 
force  and  enter  the  barbican. 

CASTOR  and  POLLUX,  the  allegorical  figures  in  the  sign 
Gemini,  which  give  name  to  the  two  principal  stars  in  that 
constellation. 

CAT,  in  sea  affairs,  a  ship  of  600  tons  or  thereabouts,  carry- 
ing from  20  to  30  heels  (or  barges)  of  coals.  Cat  is  also  a 
tackle,  or  combination  of  pulleys,  to  suspend  the  anchor  at  the 
cat's-liearl. 

CATACOMB,  a  Grotto,  or  subterraneous  place  for  the 
bnrial  of  the  dead,  as  the  sepulchre  of  the  martyrs  in  the 
Appian  Way,  about  three  miles  from  Rome  ;  the  catacombs  of 
Naples,  Syracuse,  Catanea,  Malta,  Paris  ;  but  above  all,  those 
in  Egypt  are  the  most  celebrated. 

CATALOGUE,  a  list  or  enumeration  of  books,  or  of  the 
stars,  or  of  the  Popes,  as  the  Jesuit's  Propilcum. 

CATAPULTA,  in  Antiquity,  a  military  engine  for  throwing 
stones  or  darts  upon  an  enemy  ;  but  modern  warfare  dispenses 
with  those  awkward  machines,  and  so  shall  we. 

CATARRH,  in  Medicine,  a  distillation  or  defiuxion  from  the 
head  upon  the  mouth  and  aspera  asteria,  and  through  them  upon 
the  lungs 

CATENARY,  CATENARlA.in  the  higher  Geometry,  a  mecha 


nical  curve,  which  a  chain  or  rope  forms  itself  into  by  its  own 
•weight,  when  hung  freely  between  two  points  of  suspension, 
whether  those  points  be  in  the  same  horizontal  plane  or  not. 
See  Chain  Buidge. 

CATGUT,  fiddle  strings,  made  of  the  dried  and  twisted  guts 
of  sheep,  lambs,  dogs,  and  cats.  The  Lyonois  and  Italians  are 
the  great  manufacturers  of  catgut  for  our  musicians,  watch- 
makers, cutlers,  turners,  and  other  artificers. 

CAT-HEADS,  two  strong  short  beams  of  timber,  projecting 
almost  horizontally  over  the  ship's  bows  on  each  side  of  the 
bowsprit.  That  part  of  the  cat-head  which  rests  upon  the  fore- 
castle is  securely  bolted  to  the  beams ;  the  other  projecting 
part  carries  in  its  extremity  two  or  three  small  wheels,  or 
sheaves  of  brass  or  strong  wood,  about  which  a  rope  called  the 
cat-dole  passes,  and  communicates  with  the  cat-block,  which 
also  contains  three  sheaves.  The  cat-head  also  serves  to  sus- 
pend the  anchor  clear  of  the  bow,  w  hen  it  is  necessary  to  let 
it  go  :  it  is  supported  by  a  sort  of  knee,  which  is  generally 
ornamented  with  sculpture. 

CATOPTRICS,  the  science  of  reflex  vision,  which  is  treated 
of  under  the  article  Mirror. 

CATSALT,  formed  out  of  the  bittern,  or  leach  brine,  that 
runs  from  the  salt  when  taken  from  the  pans  at  the  salt  works, 
is  very  beautifully  granulated,  sharp  and  pungent,  and  much 
more  pleasant  at  the  table  than  the  fine  but  white  powdered 
salt  in  common  use.  Fashion,  not  taste,  must  have  consigned 
the  large  beautiful  crystals  of  catsalt  to  the  makers  of  hard 
soap  and  fish  curers. 
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CAT'S-EYE,  or  Son  Stone,  a  gem  whose  colours  vary  like 
the  opal,  very  hard,  semitransparent ;  and  which,  from  the 
several  points  it  may  have  naturally,  or  into  which  lapidaries 
can  fashion  it,  reflects  the  light  with  a  kind  of  yellowish  radia- 
tion, something  similar  to  the  eyes  of  a  cat,  whence  the  name 
of  this  Siberian  onyx. 

CAUSTIC,  or  Catacaustic  Curves,  in  the  higher  Geometry 
and  Optics,  are  the  species  of  curves  formed  by  reflection,  or 
by  joining  the  points  of  concurrence  of  several  reflected  rays. 
The  caustic  of  tlie  circle  is  a  cycloid,  or  epicycloid,  formed  by 
the  revolution  of  a  circle  upon  a  circle.  The  catacaustic  of  the 
common  cjloid,  when  the  rays  are  parallel  to  its  axis,  is  also  a 
common  cycloid,  described  by  the  revolution  of  a  circle  upon 
the  same  base.  That  of  a  logarithmic  spiral  is  also  the  same 
curve.  If  the  inside  of  a  smooth  bason,  containing  in  it  any 
white  liquor,  as  milk,  be  placed  in  the  sun's  rays,  or  in  a  strong 
candlelight,  it  will  exhibit  a  very  perfect  catacaustic  curve. 

CAWKING  or  Caulking  a  ship,  is  driving  a  quantity  of 
oakum,  or  untwisted  rope,  into  the  seams  of  the  bottoms  and 
decks  of  ships,  in  order  to  prevent  the  entrance  of  water  ;  and 
canlhiny  irons  arc  chisels  for  that  purpose,  being  some  broad, 
some  round,  and  some  grooved. 

CELA  SCULPTURIS,  or  Praxiteles,  the  Engraver's 
Tools,  is  a  small  modern  constellation,  bounded  on  the  north 
by  Lepus,  east  by  Columbia,  south  by  Equulcus  Pictorius  ;  and 
west  by  Horologium  and  Eridanus.  There  are  sixteen  stars 
assigned  to  this  asterism,  in  the  Britannic  Catalogue. 

CELESTIAL,  relating  to  the  heavens  ;  hence  we  say  Celes- 
tial Globe,  Celestial  Atlas,  &c. 

CELLAR  Crane,  a  machine  represented  in  the  following 
figure,  and  is  very  useful  to  wine-merchants,  brewers,  &c.  in 
drawing  up  and  letting  down  casks  full  of  wine,  beer,  &c.  It 
saves  the  trouble  and  inconvenience  of  horses,  and  in  many 
places  can  be  used  where  horses  could  not.  A,  A  are  two 
wooden  props,  about  6  feet  in  height,  and  jointed  together  like 
a  ruler  at  B.  Tlicy  are  connected  to  each  other  by  an  iron 
round  bar  C,  and  wooden  bar  at  the  bottom,  D.  The  iron  prongs 
EE  fasten  the  uprights  steadily  to  the  edge  of  the  cellar;  F  is 
the  axis  round  which  two  ropes  are  coiled,  the  ends  of  which 
are  fastened  to  the  two  clamps  G,  G.  On  the  axis  F  is  fixed  the 
iron  wheel  H  of  3  feet  in  diameter:  in  the  teeth  of  this  works 


the  pinion  I,  of  about  6  or  7  inches  in  diameter,  and  is  turned 
by  the  handle  at  K.  It  is  evident,  by  the  figure,  that  when  the 
two  ropes  are  slipt  over  the  ends  upon  the  barrel,  either  at  the 
top  or  bottom  of  the  cellar,  by  turning  of  the  winch  K  towards 
or  from  the  operator,  the  barrel  can  be  safely  and  expeditiously 
taken  out  or  lowered  down.  When  the  crane  is  done  with,  it 
shuts  up,  by  unscrewing  the  nut  IJ,  taking  the  wheel  and  axis 
away  out  of  the  loops  at  L,  and  folding  the  sides  at  A  together, 
like  a  jointed  rule  ;  it  may  then  be  taken  away  in  the  cart  or 
dray,  or  taken  in  the  men's  hands. 

CEMENT,  in  general,  is  any  glutinous  substance  capable  of 
uniting  and  keeping  things  together  in  close  cohesion.  Ce- 
ments are  of  various  compositions,  according  to  the  substances 
to  which  Ihcy  are  applied,  and  their  exposure  to  heat  and 
moisture. 

Common  Glue.— Common  glue  is  formed  by  extracting  the 
gelatinous  part  of  cuttings  or  scraps  of  coarse  leather,  or  the 
hides  of  beasts  :  it  is  never  manufactured  but  in  a  large  w  ay. 
_  Jsinylnss  6'/«e.— Isinglass  glue  is  made  by  dissolving  beaten 
isinglass  in  water  by  boiling;  having  strained  it  through  a 
coarse  linen  cloth,  it  evaporates  again  to  such  a  consistence, 


that,  being  cold,  the  glae  will  be  hard  and  dry.  This  cement  is 
improved  by  dissolving  the  isinglass  in  proof  spirit  by  heat,  or 
by  adding  to  it,  when  dissolved  in  water,  an  equal  quantity  of 
spirits  of  wine.  It  is  still  further  improved,  by  adding  to  the 
isinglass,  previous  to  its  solution  in  spirits,  one-third  of  its 
weight  of  gum  ammoniac.  Expose  the  mixture  to  a  boiling 
heat  until  the  isinglass  and  gum  are  dissolved,  and  until  a  drop 
of  the  composition  becomes  instantly  stifl'  as  it  cools.  It  will 
in  future  melt  with  a  degree  of  heat  little  exceeding  that  of  the 
human  body,  and,  in  consequence  of  becoming  stiff  in  cooling, 
forms  a  valuable  cement  for  fixing  on  the  antennse,  &c.  of 
insects  in  the  cabinet  of  natural  history.  The  easy  melting  of 
this  cement  is  no  objection  to  its  use,  for  it  owes  this  property 
only  to  the  presence  of  the  spirit,  which  evaporates  soon  after  it 
has  been  applied.  When  used  to  join  broken  glass  or  china, 
the  pieces  should  be  previously  warmed,  and  immersion  in  hot 
water  will  give  them  a  sufficient  degree  of  heat.  Wipe  off  the 
water  before  applying  the  cement,  which  may  be  laid  on  with 
a  pencil  ;  then  press  the  pieces  together,  binding  them  with  a 
string  or  a  bit  of  soft  wire,  if  necessary.  For  nice  purposes, 
this  isinglass  glue  is  preferable  to  common  glue,  being  stronger, 
and  less  liable  to  soften  by  heat  or  moisture. 

Parchment  Glue  is  made  of  one  pound  of  shreds  of  parch- 
ment or  vellum,  boiled  in  six  quarts  of  water,  till  the  quantity 
be  reduced  to  one  quart  ;  the  fluid  is  strained  off  from  the 
dregs,  and  then  boiled  again  till  it  be  of  the  consistence  of  glue. 
Glovers'  cuttings  of  leather  dressed  with  alum,  instead  of  being 
tanned,  makes  a  oolourlcss  glue. 

To  make  Siynhoard  Glue. — Melt  common  glue  with  water  to  a 
proper  consistence  ;  add  one-eighth  of  boiled  linseed  oil,  drop- 
ping it  gently  into  the  glue,  which  is  to  be  kept  stirring  all  the 
time.  A  strong  glue  is  made  by  adding  some  powdered 
chalk  to  common  glue,  and  another  that  will  resist  water  by 
adding  half  a  pound  of  common  glue  to  two  quarts  of  skimmed 
milk. 

To  prepare  Lip  Ghu  for  Cementing  Paper,  fee. — Take  of 
isinglass  and  parchment  glue,  each  one  ounce;  of  sugarcandy, 
and  gum  tragacanth,  each  two  drachms  ;  add  to  them  an  ounce 
of  water,  boil  the  whole,  till  the  mixture  appears,  when  cold,  of 
the  consistence  of  glue.  Then  form  it  into  small  rolls  for  use. 
This  glue  wetted  with  the  tongue,  and  rubbed  on  the  edges  of 
the  paper,  silk,  &c.  to  be  cemented,  will,  on  their  being  laid 
together,  and  suffered  to  dry,  unite  them  as  firmly  as  any  other 
part  of  the  surface. 

Lapland  Glue. — Laplanders'  bows  are  composed  of  two 
pieces  of  wood  glued  together;  one  of  them  of  birch,  which  is 
flexible,  and  the  other  of  fir  of  the  marshes,  which  is  stiff,  in 
order  that  the  bow  when  bent  may  not  break,  and  that  when 
uubent  it  may  not  bend.  When  these  two  pieces  of  wood  are 
bent,  all  the  points  of  contact  endeavour  to  disunite  themselves, 
and  to  prevent  that,  the  Laplanders  employ  the  following 
cement: — They  take  the  skins  of  large  perches,  and  having 
dried  them,  moisten  them  in  cold  water  until  they  are  so  soft 
that  they  may  be  freed  from  the  scales,  which  are  thrown  away  ; 
probably  eel  skins  would  answer  the  same  purpose.  They  then 
put  four  or  five  of  these  skins  info  a  reindeer's  bladder,  or  they 
wrap  them  up  in  a  soft  bark  of  the  birch  tree,  in  such  a  man- 
ner that  water  cannot  touch  them,  and  place  them  thus  covered 
into  a  pot  of  boiling  water,  with  a  stone  above  them  to  keep 
them  at  the  bottom.  When  they  have  boiled  about  an  hour, 
they  take  them  from  the  bladder  or  hark,  and  they  are  then 
found  to  be  soft  and  viscous.  In  this  state  they  employ  them 
for  glueing  together  the  two  pieces  of  wood  which  compose 
their  bows,  and  which  they  strongly  compress  and  tie  up  till 
the  glue  is  well  dried.     I'liese  pieces  never  after  separate. 

Cheese  Glue. — Take  skimmed  milk  cheese,  freed  from  the 
rind,  cut  it  into  slices,  boil  it  in  water,  stirring  it  with  a  spoon 
until  it  be  reduced  to  a  strong  glue,  which  does  not  incorporate 
with  water;  then  throw  away  the  hot  water;  pour  cold  water 
over  the  glue,  and  knead  it  afterwards  in  warm  water,  subject- 
ing it  to  the  same  process  several  times.  Put  the  warm  glue 
on  a  grinding  stone,  and  knead  it  with  quicklime  until  yon 
have  a  good  glue.  To  use  this  glue  you  must  warm  it ;  cm- 
ployed  cold,  it  is  not  so  strong,  but  it  may  be  used  in  that 
manner.  This  glue  is  insoluble  in  w  alcr  as  sonn  as  it  is  dry, 
and  it  becomes  so  in  forty-eight  hours  after  it  has  been  applied. 


156 


C  E  M 


DICTIONARY    OF    MECHANICAL    SCIENCE. 


C  E  M 


It  may  be  used  for  glueing  wood,  cementing  marble,  and  broken 
earthenware.  Baits  for  catching  fish  may  also  be  made  of  it. 
Fish  are  very  fond  of  it,  and  it  resists  water. 

Jewellers'  Cement. — In  setting  precious  stones,  pieces  are 
sometimes  broken  off  by  accident,  but  these  may  be  joined  so 
correctly,  that  an  inexperienced  eye  would  not  discover  the 
stone  to  have  been  broken.  Jewellers  employ  for  this  purpose 
a  small  piece  of  gum  mastich  applied  between  the  fragments, 
which  are  previously  heated  sulTicieutly  to  enable  them  to  melt 
the  interposed  gum.  Tliey  are  then  pressed  together,  to  force 
out  the  redundant  gum. 

Turkey  Cement  for  joining  Metals,  Glass,  ^c. — Dissolve  six 
bits  of  mastich,  as  large  as  peas,  in  as  much  spirits  of  wine  as 
will  suffice  to  liquefy  ;  in  another  vessel  dissolve  as  much 
isinglass  (which  has  been  previously  soaked  in  water  till  it  has 
swollen  and  is  soft)  in  brandy  or  rum,  as  will  make  two 
ounces  by  measure  of  strong  glue,  and  add  two  small  bits  of 
gum  galbanum,  or  ammoniacum,  which  must  be  rubbed  till  ihey 
are  dissolved  ;  then  mix  the  whole  with  a  suflioient  heat ;  keep 
it  in  a  phial  stopped,  and  when  used  set  it  in  hot  water. 

Broken  China  tV»ifH<.— Take  quicklime  and  white  of  eggs,  or 
old  thick  varnisli ;  grind  and  temper  them  well,  and  it  will  be 
ready  for  use.  Drying  oil  and  white  lead  are  used  for  cement- 
ing china  and  earthenware  ;  but  this  cement  requires  a  long 
time  to  dry.  Where  the  vessels  are  not  to  endure  heat  or 
moisture,  isinglass  glue,  with  a  little  tripoli  or  chalk,  is  better; 
the  juice  of  garlic  also  forms  a  strong  cement,  and  the  joining 
cannot  easily  be  perceived. 

Chemical-Glasses'  Cement. — In  the  whites  of  eggs  mix  equal 
quantities  of  wheat  flour,  fine  powdered  Veniceglass,  pulverized 
chalf,  with  half  the  quantity  of  fine  brick  dust,  and  a  little 
scraped  lint.  This  mixture  is  spread  upon  a  linen  cloth,  and 
applied  to  the  crack  of  the  glasses ;  it  should  be  dried  before 
they  are  put  to  the  fire. 

Turner's  Cement. — Melt  together  resin  one  pound,  pitch  four 
ounces  ;  and,  while  boiling  hot,  add  brick  dust,  until,  by  drop- 
ping a  little  upon  a  stone,  you  perceive  it  hard  enough  ;  then 
pour  it  into  water,  and  immediately  make  it  up  in  rolls,  and  it 
is  fit  for  use. 

Another,  finer.  Take  resin  one  ounce,  pitch  two  ounces  ; 
add  red  ochre,  finely  powdered,  until  you  perceive  it  strong 
enough.  Sometimes  a  small  quantity  of  tallow  is  used,  accord- 
ing to  the  heat  of  the  weather,  more  being  necessary  in  winter 
tlian  summer.  Either  of  these  cements  is  of  excellent  use  for 
turners.  By  applying  it  to  the  side  of  a  chuck,  and  making  it 
warm  before  the  fire,  you  may  fasten  any  thin  piece  of  wood, 
which  will  hold  fast  while  you  turn  it ;  when  you  want  it  otf 
again,  strike  it  on  the  top  with  your  tool,  and  it  will  drop  off 
immediately. 

Electrical  Cement. — Melt  in  a  pot,  over  a  slow  fire,  one  pound 
of  resin  ;  add  as  much  plaster  of  Paris,  in  fine  powder,  as  will 
make  it  hard  enough,  wliich  you  may  know  by  trial ;  then  add 
a  spoonful  of  linseed  oil,  Stirling  it  all  the  while,  and  try  if  it  be 
hard  and  tough  enough  for  your  purpose  ;  if  it  is  not  sulliciently 
hard,  add  more  plaster  of  Paris  ;  and  if  not  tough  enough,  a 
little  more  linseed  oil.  This  is  for  fixing  the  necks  of  globes  or 
cylinders,  or  any  thing  that  requires  to  be  strongly  cemented, 
for  it  is  not  easily  melted  when  cold. 

Another,  softer.  Take  resin  one  pound,  bees'  wax  one 
ounce  ;  add  as  much  red  ochre  as  will  make  it  sufficiently  stiff ; 
pour  it  into  water,  and  make  it  into  rolls  for  use.  This  cement 
is  for  cementing  hoops  on  glasses,  or  any  other  mounting  of 
electrical  apparatus. 

Glass  Grinders'  Cement. — Boil  pitch,  adding  thereto  fine 
sifted  wood  ashes,  until  you  have  it  of  a  proper  temper,  stir- 
ring it  all  the  while;  a  little  tallow  may  be  added,  as  you  find 
necessary. 

Another,  for  small  work.  To  four  ounces  of  resin  add  one- 
fourth  of  an  ounce  of  bees'  wax,  melt  them  together,  adding 
four  ounces  of  whitening  made  previously  red  hot.  Tlie 
whitening  should  be  put  while  hot,  that  it  may  not  have  time  to 
imbibe  moisture  from  the  atmosphere.  Shell  lac  is  a  strong 
cement  for  metals,  glass,  or  precious  stones,  while  cuttiug, 
twining,  or  grinding  thcni.  The  metal,  &c.  should  be  warm  to 
melt  it.  Shell  lac  is  excellent  for  fastening  ruby  cylinders  in 
watches,  and  simitar  delicate  purposes. 


liroken  Glass  Solder. — Broken  glass  is  soldered  by  inter- 
posing between  the  parts,  glass  ground  up  like  a  pigment,  but 
of  easier  fusion  than  the  pieces  to  be  joined,  and  then  exposing 
them  to  such  a  heat  as  will  fuse  the  cementing  ingredient,  and 
make  the  pieces  agglutinate  without  being  themselves  fused. 

A  glass  for  cementing  broken  pieces  of  flint  glass  may  be 
made  by  fusing  some  of  the  same  kind  of  glass  previously 
reduced  to  powder,  with  a  little  lead  and  borax,  or  with  boras 
only. 

Verbi/skire  Spar  Cement,  ^■c. — This  cement  is  made  with 
about  eight  parts  of  resin  and  one  of  bees'  wax,  melted  together 
with  a  small  quantity  of  plaster  of  Paris.  If  the  cement  is  to 
fill  up  the  place  of  any  small  chips  that  may  have  been  lost,  the 
quantity  of  plaster  may  be  increased  a  little.  AVIien  the  ingre- 
dients are  well  mixed,  and  the  whole  nearly  cold,  the  mass 
must  be  well  kneaded  together.  The  pieces  of  spar  to  be 
joined,  must  be  heated  until  they  melt  the  cement,  and  then 
pressed  together,  some  of  the  cement  being  previously  inter- 
posed. Melted  sulphur  applied  to  fragments  of  stones  pre- 
vi(!usly  heated  (by  placing  them  before  a  fire)  to  a*  least  the 
melting  point  of  sulphur,  and  then  joined  with  the  sulphur 
between,  makes  a  pretty  firm  and  durable  joining.  Little  defi- 
ciencies in  the  stone,  as  chips  out  of  corners,  &c.  may  also  be 
filled  up  with  melted  sulphur,  in  which  some  of  the  powder  of 
the  stone  has  been  melted. 

Steam  Cement. — To  join  the  flanches  of  iron  cylinders,  and 
other  parts  of  hydraulic  and  steam  engines,  the  following 
methods  are  adopted  by  machinists: — Boiled  linseed  oil, 
litharge,  red  and  white  lead  mixed  together  to  a  proper  con- 
sistence, applied  on  each  side  of  a  piece  of  flannel,  previously 
shaped  to  fit  the  joint,  and  then  interposed  between  the  pieces 
before  they  are  brought  home,  (as  the  workmen  terra  it)  to  their 
place  by  the  screws  or  other  fastenings  employed,  make  a  close 
and  durable  joint.  The  quantities  of  the  ingredients  may  be 
varied  without  inconvenience,  taking  care  not  to  make  the 
mass  too  thin  with  oil.  It  is  difficult  in  many  cases  instantly 
to  make  a  good  fitting  of  large  pieces  of  iron  work.  This 
renders  it  necessary  sometimes  to  join  and  separate  the  pieces 
repeatedly  before  a  jiroper  adjustment  is  obtained.  When  this 
is  expected,  the  whi  e  lead  ought  to  predominate  in  the  mix- 
ture, as  it  dries  mucii  slower  than  the  red.  A  workman  know- 
ing this  fact,  can  be  at  little  loss  in  exercising  his  own  discre- 
tion in  regulating;  the  quantities.  It  is  safest  to  err  on  the  side 
of  the  white  lead,  as  the  durability  of  the  cement  is  not  thereby 
efleeted,  a  longer  time  only  is  required  for  it  to  dry  and  harden. 
When  the  fittings  will  not  easily  admit  of  so  thick  a  substance 
as  flannel  being  interposed,  linen  may  be  substituted,  or  even 
paper  or  thin  pasteboard.  This  cement  answers  well  also  for 
joining  broken  stones,  however  large.  Cisterns  built  of  square 
stones,  put  together  with  this  cement,  will  never  leak,  or  want 
any  repairs.  In  this  ease,  the  stones  need  not  be  entirely 
bedded  in  it ;  an  inch,  or  even  less,  of  the  edges  that  are  to  be 
next  the  water,  need  only  be  so  treated  ;  the  rest  of  the  joint 
may  be  filled  with  good  lime. 

Another  of  the  same.  This  cement,  preferable  even  to  the 
former,  for  steam-engines,  is  prepared  thus  : — Take  two  ounces 
of  sal  ammoniac,  one  ounce  of  flowers  of  sulphur,  and  sixteen 
ounces  of  cast  iron  filings  or  borings  ;  mix  them  in  a  mortar, 
and  keep  the  powder  dry.  When  the  cement  is  wanted  for 
use,  take  one  part  of  the  above  powder,  and  twenty  parts  of 
clean  iron  borings  or  filings,  and  blend  them  intimately  by 
grinding  them  in  a  mortar.  Wet  the  compound  with  water, 
and  when  brought  to  a  convenient  consistence,  apply  it  to  the 
joints  with  a  w  ooden  or  blunt  iron  spatula.  This  is  the  cement 
with  which  the  joinings  of  the  Southwark  cast-iron  bridge  were 
filled  up  and  clasped.  Action  and  reaction  take  place  among 
the  ingredients,  and  between  them  and  the  iron  surfaces,  which 
at  last  causes  the  whole  to  unite  as  one  mass.  After  a  time, 
the  surfaces  and  the  mixture  become  one, 

Roman  Cement. — By  a  recent  analysis  of  Parker's  Homao 
cement,  by  Monsieur  Bcrthier,  he  finds  that  its  constituents 
difler  so  little  from  the  constituents  of  chalk  and  common  clay, 
that  he  proposes  the  manufacturing  of  a  similar  cement  by  the 
mere  mixture  of  them  in  certain  proportions  — One  part  of  clay, 
and  two  and  a  half  parts  of  clialk,  sets  almost  instantly,  and 
may  therefore  be  regarded  as  Roman  cement, 
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.Blood  Cements,  are  used  by  coppersmiths  to  lay  over  the  rivets 
and  edges  of  the  sheets  of  copper  in  boilers  of  the  first  class  : 
they  also  give  additional  security  to  the  joinings,  and  secure 
cocks  from  leaking.  This  cement  is  made  by  mixing  pounded 
quicklime  with  oxen's  blood  :  but  unless  used  when  fresh 
made,  it  will  become  hard.  It  is  durable,  cheap,  and  extensively 
applicable  in  llie  rougher  branches  of  art. 

Flour  Paste  Cement. — Flour  paste  for  cementing,  is  fornjed 
principally  of  wheaten  flour,  boiled  in  water  till  it  he  of  a  glu- 
tinous or  viscid  consistence.  It  may  be  piepiired  of  these 
ingredients  simply  for  common  purposes,  but  when  it  is  used 
by  bookbinders,  or  for  paper  hanging,  it  is  usual  to  mix  with 
the  (lour  a  fifth  or  sixth  of  its  weight  of  powdered  alum  ;  and 
where  it  is  wanted  still  more  tenacious,  gum  arabic,  orany  kind 
of  size,  may  be  added. 

Rice  Glue. — This  elegant  cement  is  made  by  mixing  rice  flour 
intimately  with  cold  water,  and  then  gently  boiling  it.  It  is 
beautifully  w  liite,  and  dries  almost  transparent.  Papers  pasted 
together  with  this  cement  will  sooner  separate  in  their  own 
substance  than  at  the  joining,  it  is  therefore  extremely  useful 
in  the  preparation  of  curious  paper  articles,  as  tea  trays,  ladies' 
dressing  and  work  boxes,  and  other  articles  which  require 
layers  of  paper  to  he  cemented  together.  In  every  respect  it  is 
preferable  to  common  paste  made  w  ith  wheat  flour.  It  answers 
well  for  pasting  into  books  the  copies  of  writing  taken  off  by 
copying  machines  on  unsized  silver  paper.  With  this  compo- 
sition, made  with  a  small  (piantity  of  water,  that  it  may  have 
a  consistence  similar  to  plastic  clay,  models,  busts,  statues, 
basso  relievos,  and  the  like,  may  be  formed.  When  dry,  the 
articles  made  of  it  are  susceptible  of  a  high  polish  ;  they  are 
also  very  durable.  The  .Japanese  make  quadrille  fish  of  this 
substance,  which  so  nearly  resemble  those  made  of  mother  of 
pearl,  that  the  officers  of  our  East  ludiamen  are  often  imposed 
upon. 

Of  Sizes. — Common  size,  manufactured  in  the  same  manner, 
and  generally  by  the  same  people  as  glue,  is  glue  left  in  a 
moister  state,  by  discontinuing  the  evaporation  before  it  is 
brought  to  a  due  consistence.' 

Isinglass  Size,  is  prepared  much  in  the  same  way  as  glue  ;  the 
quantity  of  water  for  dissolving  it  is  increased;  and  the  same 
makes  good  parchment  size. 

CENOTAPH,  an  empty  tomb  erected  in  honour  of  a 
deceased  person,  and  is  thus  distinguished  from  the  sepulchre 
in  which  a  coffin  is  deposited. 

CENTAURUS,  the  Bull  Pricker,  as  his  name  denotes,  ranks 
among  the  old  constellalinns.  The  Centaur  is  said  to  derive 
its  name  from  those  sons  of  Ixion  and  Nubes,  whom  fahle 
represented  half  men,  half  horses  ;  and  the  notions  which  the 
Americans  entertained  of  the  Spanish  cavaliers,  Iiavc  been 
suggested,  to  persuade  us  that  the  ancients  who  first  saw  a  man 
on  horseback,  conceived  him  and  the  animal  to  be  one.  The 
fable  of  the  Centaurs  and  the  Lapithtc,  is  well  known  to  every 
schoolboy.  The  boundaries  and  contents  of  this  constellation 
are:  on  the  north  by  Hydra,  east  by  Lupus,  south  by  Crux, 
and  west  by  Robur  Caroli.  There  are  thirty-five  stars  in  this 
constellation,  viz.  two  of  the  1st  magnitude,  one  of  the  2(1,  six 
of  the  3d,  nine  of  the  4th,  Sec.  The  brilliants  of  this  constella- 
tion are  situated  on  the  feet  of  the  Horse  ;  and  with  the  adjoin- 
ing astcrism  of  the  Cross,  make  a  very  splendid  shew  in 
southern  latitudes  ;  but  the  people  of  Britain  are  too  far  north 
to  enjoy  this  sight.  The  star  ji,  in  the  western  foot,  culminates 
about  7  minutes  before  «,  or  at  xix  bo.  1' 45",  on  the  1st  of 
.January,  and  by  making  an  allowance  of  about  4  minutes  for 
each  succeeding  day  of  the  month,  it  will  be  on  the  meridian, 
.January  2,  at  xviri  ho.  .'iT'  21",  on  the  .3d  at  xvm  h.  52'  58', 
on  the  4th  at  xviii  ho.  4H'  :?8",  &c. 

CENTBSM,  the  100th  part  of  a  thing. 

CENTRAL,  something  relating  to  a  centre.  Thus,  we  have 
Centrai,  Eclipse,  Ckntrm,  Force,  Sec.  Central  Eclipse  is, 
when  the  centres  of  the  luminaries  exactly  coincide,  and  are 
directly  in  a  line  with  the  eye  of  the  observer.  Central  Forces 
arc  those  forces  w  hicli  tend  directly  to  or  from  a  certain  point 
or  centre  ;  or  they  are  forces  which  cause  a  moving  body  to 
tend  towards,  or  recede  from,  the  centre  of  motion  ;  and  arc 
hence  divided  into  two  kinds,  according  to  their  dilTerent  rela- 
tions to  the  centre,  di>.  whether  it  be  to  approaoh  or  to  recede 
18. 


from  it ;  being  called,  in  the  former  case,  centripetal  force,  and 
in  the  latter,  centrifugal.     See  FoucE. 

CENTRE,  in  a  general  sense,  denotes  a  point  equally  remote 
from  the  extremes  of  a  line,  surface,  or  solid.  The  word 
signifies  a  point. 

Centre  of  an  Arch.  Under  the  word  Bridge,  the  varioas 
forms  of  arches  were  noticed.  We  will  now  shew  how  the 
archstoncs  are  supported  till  the  arch  is  completed;  and  the 
most  commodious  and  least  expensive  manner  in  which  this 
can  be  accomplished. 

1.  When  tlx;  span  is  small,  as  cellars  and  vaults,  the  founda- 
tion of  the  side  wall  is  dug  out.  the  earth  rounded  over  upon 
it,  the  arch  thrown,  and  the  earth  afterwards  dug  away. 

2.  When  it  is  necessary  to  use  wood  for  the  frame  or  centre, 
wc  must  first  consider  the  weight  to  be  supported  ;  secondly, 
the  quantity  of  materials  to  be  used,  that  shall  be  of  suflicicnt 
strength  to  support  such  a  weight  ;  and,  thirdly,  the  most 
effective  method  to  apply  these  materials. 

First,  the  Weight  to  be  supported. — X  semicircular  arch  can 
be  raised  :50  degrees,  (see  Bridge.)  without  a  centre.  There 
are  120  degrees  to  support;  aiid  if  the  diameter  be  20  feet, 
120°  will  measure  20-94:i93  +  feet  ;  say  21  feet.  The  key- 
stone of  such  an  arch  would  be  driven  at  18  inches  depth. 
The  specific  gravity  of  a  cubic  foot  of  hard  stone,  is  2-5.32.  A 
stone  18  inches  square,  by  21  feet,  gives  47-25  solid  feet:  the 
weight  by  the  above  specific  gravity  is  7477-307  lbs,  or  CC-753 
cwt.  being  the  weight  that  one  rib  of  the  centre  frame  must 
sustain. 

In  the  span  of  50  feet,  the  arch  of  120°  measures  62-3C 
feet;  the  archstone  is  2.1  feet  deep  by  2  feet,  is  6  superficial 
feet,  which  -f  52-36  :z:  2G1 -8  solid  feet  and  30!)  !>08  cwt.  of 
specific  gravity.  Here  the  weight  is  increased  upon  the  centre 
frame  in  the  proportion  of  665  to  309-9 :  or  more  than  five 
times,  for  the  difi"erencc  of  the  centre  framework. 

I;i  the  span  of  100  feet,  arch  104719  feet,  key.stone  4  x  3. 
we  have  1256-G-28  solid  feet,  177.5-848  cwt.  specific  gravity; 
above  five  times  the  weight  of  an  arch  of  50  feet  span.  In  the 
span  of  130  feet,  the  arch  156135.50  feet,  the  arch  5  x  3,  as  in 
the  bridge  of  Dee  at  Aberdeen,  wc  have  2042-0336  solid  feet, 
and  2885-2838  cwt.  the  rib  or  beam  of  the  frame  centre.  See 
Strength  or  Materials. 

Secondly,  the  strength  of  timber  requisite  to  support  any  of 
the  foregoing  weighls  maybe  ascertained  thus: — In  all  mecha- 
nical structures,  each  member  should  not  only  be  able  to  resist 
the  strain  under  which  it  is  constantly  subjected,  but  should 
also  be  ahle  to  withstand  those  occasional  shocks  to  which  it 
is  ever  exposed.  This  is  peculiarly  the  case  in  the  framing  of 
centre  work  for  bridges.  Every  piece  of  wood  employed  is  of 
a  prismatic  or  columnar  form,  and  is  exposed  either  to  longi- 
tudinal or  transverse  strain;  and  maybe  so  nsed  as  to  sustain 
a  longitudinal  tension,  in  withstanding  a  longitudinal  com- 
pression, in  resisting  a  transverse  pressure,  and  in  opposing 
the  act  of  twisting  or  wrenching.  But  the  investigation  'of 
these  topics  would  interest  few  readers,  and  to  those  few  the 
results  would  not  be  of  much  practical  value. 

A  batten  or  prism  of  wood,  5  inches  square,  and  14  feet  long, 
supports  a  weight  of  53001bs.  which  may  be  called  its  break- 
ing weight ;  and  it  has  more  than  double  the  strength  of  a 
prism  of  28  feet  long,  5  inches  square,  for  1775  lbs.  woubl  break 
the  latter.  Every  beam  of  wood  becomes  more  liable  to  break 
by  its  length  ;  12  inches,  5  inches  K(|uarc,  weight  104  lbs.  more 
or  less;  and  10-4  lbs.  at  13  feet  distance,  acts  with  a  power  of 
135-2  lbs.  This  is  the  last  term,  and  0,  the  point  of  fracture,  is 
the  first  term.  The  first  and  last  multiplied  by  half  the  num- 
ber of  terms  =  the  sum  of  all  the  terms  ;  or  1.35-2  x  0)  = 
878-8  lbs.  added  to  1775  ■=:  2653-8,  being  very  near  the  half  of 
the  force  that  breaks  the  prism  of  14  feet.  The  weight  that 
breaks  a  prism  of  9  feet  long  and  5  inches  square,  is  8:108.  To 
reduce  this  experiment  to  one  of  greater  dimensions,  suppose 
one  foot ;  similar  solids  of  the  same  altitude  are  to  one  atuitlier 
as  their  bases  ;  i.  e.  25,  the  base  of  the  5  inch  square  is  to  144, 
the  base  of  I  foot  square,  as  the  weight  that  would  break  the 
biitten  of  9feet,  to  the  w-cight  that  would  break  the  batten  of 
the  same  length  and  12  inches  square  :  that  is,  the  base  25  : 
8308  :  :  144  :  47854  lbs.  zz  213-81-25  tons;  and  the  proportion, 
as  above,  for  greater  or  less  Icngih  of  logs  or  spars,  And  a 
2s 
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Ijatten  of  any  depth,  and  one  half  breadth,  is  equally  strong  in 
that  position  as  it"  it  had  been  square  timber  :  hence  the  advan- 
tage in  point  of  economy  ;  for  if  the  piece  is  set  upon  edge, 
suppose  9  inches  deep  and  one  broad,  provided  it  receives  no 
lateral  tension,  it  will  bear  as  much  strain  as  if  tt  inches  square. 
In  general,  a  beam  the  same  length  and  breadth  as  another, 
but"  twice  the  depth,  is  four  times  stronger;  and  a  beam  of  the 
same  depth  and  breadth,  and  double  the  length,  is  only  half  so 
strong.  These  experiments  were  made  upon  well-seasoned 
oak  ;  but  between  one-third  and  one-half  of  the  absolute 
strength  of  these  results  will  do  in  practice. 

We  are  now,  in  the  tliirU  place,  to  consider  the  most  effective 
method  ofapphjintj  these  materials.  The  late  Mr.  Rennie  found, 
that  cubes  of  one  inch  are  crushed  by  the  weights  annexed  :  — 

Elm 1-284  lbs. 

White  deal, 1-928 

English  oak.  .    3-860 

Craigleith  freestone, 8-688 

Cubes  of  IJ  inch  are,  however,  crushed  with  less  loads  in 
proportion :  thus. 

Red  brick V817  lbs. 

Yellow  baked  brick, 2-2.54 

Fire  brick, 3-864 

Craigleith  stone, 15-560 

White  statuary  marble, 13-6:52 

Pnrbeck  limestone, 20-610 

Cornish  granite,  of  which  Waterloo  Bridge  )  14.3Q0 

was  built, i 

Peterhead  granite, 1 8-636 

Aberdeen  blue  granite, 24536 

A  pillar  in  the  church  of  All  Saints,  at  Angers,  is  24  feet  high 
and  11  inches  square,  supporting  60,000 lbs.  which  is  not  one- 
seventh  of  the  weight  that  would  crush  it.  Hence  the  delicacy 
of  many  pillars  in  Gothic  buildings,  and  of  those  in  the 
Exchange,  Coruhill,  London.  Instead  of  a  pier  of  10  feet  in  a 
bridge  of  50-feet  span,  one  of  2  feet  thick  w  ould  be  sulTicient. 
How  .superfluous  then  are  those  enormous  piers  that  obstruct 
the  course  of  rivers. 

But  the  inquiry  is  with  wood  ;  and  to  arrive  at  onr  conclu- 
sion, let  us  consider  precisely  the  strength  of  an  arch  above  a 
right  line  parallel  to  fiie  horizon.  An  arch  recedes  from  a  per- 
pendicular to  a  horizontal  line,  the  force  therefore  that  it  will 
sustain,  is,  between  the  force  that  a  body  w  ill  carry  in  the  per- 
pendicular, and  that  which  produces  a  fracture  upon  any 
material  in  the  horizontal  direction.  If  the  perpendicular  is 
greater  than  the  horizontal  line,  it  will  have  more  of  the 
strength  of  the  bruising  force,  than  of  the  transverse  fracture. 
This  force  is  explained  by  the  ratio  compounded  of  the  bruis- 
ing force  and  that  of  the  transverse  fracture,  i.e.  the  absolute 
and  relative  force.  In  other  words,  if  a  geometrical  mean  be 
taken  between  the  elevation  of  the  arch,  as  pressure  of  abso- 
lute strength,  and  the  length  of  the  horizontal  line,  this  mean 
■will  be  the  strength  of  the  arch  above  the  horizontal  line. 

Experiments  made  upon  prisms  of  seasoned  oak,  2  inelics 
square,  and  2,  4,  or  6  feet  high,  shewed  them  crushed  by  the 
vertical  pressures  of  17,.500lbs.  10,500  lbs.  and  7000  lbs.  ;  but 
if  4  inches  square,  and  of  the  same  altitudes,  they  would  give 
way  under  loads  of  only  80,000  Ihs.  70,000  lbs.  and  50,000  lbs. 
In  the  first  set  of  trials,  the  mean  cohesive  power  amounts  to 
130.000  lbs.  and  in  the  second  to  5'20,0001hs. 

From  all  these  reasonings  it  appears,  that  so  much  as  the 
piece  of  wood  is  elevated  towards  the  perpendicular,  so  much 
the  nearer  it  approaches  to  its  absolute  strength,  and  by  so 
much  as  the  arch  is  Hatter,  or  the  piece  of  wood  less  inclined, 
the  nearer  it  is  to  a  straightline,  and  so  much  the  more  reduced 
to  its  relative  strength ;  the  position  of  the  arch  therefore  must 
be  in  the  ratio  compounded  of  these  two. 

Having  established  these  principles,  let  us  now  shew  the 
application  in  practice. 

Pitot's  plan  of  an  arch,  as  represented  in  the  following  figure, 
though  profuse  in  materials,  possesses  great  ingenuity.  The 
arch  A  C  I)  B  can  be  raised  30°  on  each  side,  or  to  the  point  D, 
M  ilhout  any  centre.  The  stretcher  E  E  is  now  raised  and  prop- 
ped by  the  struts  A  E,  B  E.  The  stretcher  EE  is  divided  into 
four  equal  parts;  at  tlie  centre  part  the  king  post  K  F  rises  the 


height  of  the  intended  arch.  The  struts  A  G,  B  G,  and  the  tie 
beam  G  G,  are  previously  put  in  ;  G  G  heing  one-half  of  E  E. 
The  bridles,  1,2,3,  4,  &c.  prevent  the  arch  from  yielding  from 
A  to  C,  or  from  B  to  U.  The  struts  AC,  B  D,  support  the 
bridles  1,  1  ;  3,3; — the  struts  B  G,   AG,  support  the   bridlei 


2,  2  ;  4,4;  5, 5  ;  6,  6  ,— the  struts  E  P,  D  F,  support  the  bridles 
7,7; — the  struts  GH,  GH,  support  the  bridles  9,  9  ;  and  the 
bridles  8,  8,  rest  on  the  stretcher  E  E.  The  struts  E  P,  DF, 
support  the  king  post,  as  do  also  the  struts  G  H,  G  H,  and  the 
king  post  being  wt  II  secured  to  the  stretcher  E  E,  supports  it 
in  the  centre. 

This  arch  we  will  say  is  60  feet  span,  the  archstones  7  feet 
long,  and  3  feet  broad,  each  cubic  foot  of  which  is  160  lbs.  Let 
the  structure  be  of  Portland  stone,  which  weighs  160 lbs.  the 
cubic  foot.  The  stretcher  EE  may  be  raised  4.5°  in  the  place 
of  30°  before  the  centre  is  put  up.  Therefore  there  are  only 
90°  of  arch  to  provide  for,  and  the  perpendicular  rf,  D  d, 
determines  the  limits  of  the  absolute  pressure  upon  the  frame. 
The  parts  of  the  arch  below  C  and  D  rest  upon  the  abutments  of 
the  pier.  And  the  weight  of  one  course  of  the  archstones  is  53  x 
7x3^  178,080  lbs.  But  the  absolute  transverse  strength  of 
a  plank  7  feet  long  and  12  inches  broad,  by  one  thick,  is 
lS9,163lbs.  ;  or  if  2  inches  thick,  it  would  be  no  more.  A 
plank  7  feet  long  and  8  inches  square,  has  47,649  lbs.  of  trans- 
verse strength.  Therefore,  the  former  species  of  scantling  is  tlie 
better,  as  it  gives  us  an  excess  of  11 080 lbs.  more  strength  than 
is  required  to  support  that  part  of  the  arch.  But  7  feet  is  only 
one-seventh  part  of  53  feet,  the  frame  is  therefore  of  sutlicient 
strength  to  support  the  whole  weight  of  the  arch  when  equally 
divided  along  its  whole  length. 

The  relative  proportion  of  the  strength  of  oak  and  fir  is  ^, 
therefore  for  every  beam  8  inches  square  of  oak,  9J  by  2J  of  lir 
may  be  used. — From  these  principles  of  M.  Pitot,  every 
mechanic  may  construct  (he  frame  centre  for  any  bridge. 

In  the  centering  of  the  Bri(Aye  of  Carvin,  as  represented  in 
the  following  figure,  the  arches  are  elliptical,  the  longer  axis  or 
span  is  60  feet,  the  seniitransverse  axis  or  rise  20  feet,  the 
archstones  weigh  176  lbs.  per  cubical  foot,  and  are  4  feet  in 
length,  which  is  the  thickness  of  the  arch  ;  the  truss  beams 


were  from  15  to  18  feet  long  and  9  inches  by  8  inches  broad,  of 
oak.  There  were  five  trusses  5J  feet  asunder,  and  the  whole 
weight  of  the  arch  amounted  to  600  tons,  or  11-2  tons  for  each 
truss  ;  90  tons  actually  pressed  on  each  truss.  But  the  diago- 
nal of  the  parallelogram  of  forces  drawn  for  these  beams,  is  to 
one  of  the  sides  as  360  to  285;  then  360  :  285  :  :  90  :  !7i 
tons  on  each  foot  or  section  of  144  inches.  And  since  every 
s(|uare  incli  of  oak  can  bear  3  tons,  there  were  431  tons  of 
strength,  more  than  six  times  the  pressure  upon  the  foot  beaius 
in  their  longitudinal  direction. 
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In  the  section  A  C  B  of  this  figure,  we  have  given  the  cen- 
tering used  in  erecting  the  bridge  of  Nogcnt,  and  in  the  section 
DC  B  that  used  in  llie  bridge  of  Maxencc.  Tliey  difl'er  very 
little  ;  but  the  arch  of  Maxence  sunk  13  inches,  either  from  the 
suppleness  of  the  frame,  or  becniise  the  branches  were  not 
filled  up  as  the  work  proceeded.  The  centre  of  Nogent  would 
make  a  good  arch  for  a  wooden  bridge,  and  the  joints  may  all 
be  secured  by  dove-tailed  pieces  ;  and  the  whole  may  be  kept 
up  at  a  trifling  annual  expense. 

In  the  Ihiil'/e  of  Neuilly.  in  the  following  figure,  the  span  of 
120  feet  has  a'  rise  of  30  feet ;  the  arch  is  5  feet  thick  ;  the  strut 
beams  17  x  14  inches;  the  kingpost  15  X  9  inches  ;  the  strut 
beams  placed  in  the  parallel  to  polygons,  each  abutting  on  the 
king  post  9  inches  square. 


la  i\\e  Bridge  of  Orleans,  in  the  subjoined  figure,  span  100 
feet,  rise  30  feet,  the  struts  A,  B  ;  A'  B',  give  great  additional 
utrcDgth  to  llie  centre. 


In  Blaclifriars'  Bridge,  in  the  following  figure,  the  span  is 
100  feet,  the  form  elliptical,  the  archstones  at  the  branch 
7  feet,  and  decreasing  to  the  keystone.  This  bridge  sunk  only 
IS  inches  throughout,  whereas  all  the  French  bridges  we  have 
mentiojie.d  sunk  11  inches  upon  an  average. 


Waterloo  Bridge, 


The  last  figure  represents  the  centering  used  in  the  con- 
struction of  Waterloo  Bridge,  some  further  details  of  which 
we  have  reserved  for  the  word  IitoN  Bkidge. 

Centre  of  a  Conic  Scclion,  is  that  point  which  bisects  any 
diameter,  or  that  point  in  which  all  the  diameters  intersect  each 
other.  This  point  in  an  ellipse  is  within  the  figure,  in  the 
hyperbola  without,  and  in  the  parabola  it  is  at  an  infinite 
distance. 

Centre  of  Conversion,  in  Mechanics,  a  term  whose  signifi- 
cation may  be  thus  conceived  : — If  a  slick  be  laid  on  stagnant 
water,  and  drawn  by  a  thread  fastened  to  it,  so  that  the  thread 
makes  always  the  same  angle  with  it,  the  stick  will  be  found  to 
turn  about  a  certain  point ;  which  point  is  called  the  centre  of 
conversion. 

Centre  of  a  Cuii'e,  of  the  higher  kind,  is  the  point  where 
two  diameters  concur ;  and  when  ull  the  diameters  concur  in 
the  same  point,  it  is  called  ihe  general  centre. 

Centre  of  a  Dial,  is  that  point  where  the  gnomon  or  st\lc, 
which  is  placed  parallel  to  the  axis  of  the  earth,  intersects  tlic 
plane  of  the  dial. 

Centre  of  an  Ellipse.     See  Centre  of  a  Conic  Section. 

Centre  oi  Equant,  in  the  old  Astronomy,  a  point  in  the  line 
of  aphelion;  being  as  far  distant  from  the  centre  of  the  eccen- 
tric towards  the  aphelion,  as  the  sun  is  from  the  centre  of  the 
eccentric  towards  the  perihelion. 

Centre  of  iw/ui/iifiHiH,  is  the  same  with  respect  to  bodies 
immersed  in  a  fiuid,  as  the  centre  of  gravity  is  to  bodies  in  free 
space  ;  or  it  is  a  certain  point  on  which  if  a  body,  or  system  of 
bodies,  be  suspended,  they  will  rest  in  any  position. 

Centre  of  Friction,  is  that  i)oint  in  the  base  of  a  body,  on 
which  it  revolves  ;  into  which,  if  the  whole  surface  of  the  base 
and  the  mass  of  the  body  were  collected,  and  made  to  revolve 
about  the  centre  of  the  base  of  the  given  body,  the  angular 
velocity  destroyed  by  its  friction  uould  be  equal  to  the  angular 
velocity  destroyed  in  the  given  body  by  its  friction  in  the  same 
time. 

Centre  of /4«)-art!on  of  a  body,  is  that  point  into  which,  if 
all  its  matter  was  collected,  its  action  upon  any  remote  particle 
would  still  be  the  same,  as  it  is  while  the  body  retains  its  own 
proper  form.  Or,  it  is  that  point  to  which  bodies  tend  by  their 
gravity,  or  about  which  a  planet  revolves  as  a  centre  ;  being 
attracted  or  impelled  towards  it  by  the  action  of  gravity.  The 
common  centre  of  attraction  of  two  or  more  bodies,  is  sometimes 
used  to  denote  that  point  in  which,  if  a  particle  of  matter  were 
placed,  the  action  of  each  body  upon  it  would  be  e(|ual,  and 
where  it  will  therefore  remain  in  equilibrio ;  having  no 
tendency  to  move  one  way  rather  than  another.  This  is  more 
properly  termed,  by  some  authors,  the  point  of  ctjual  attrac- 
tion. 

Centre  of  a  Circle,  is  that  point  in  a  circle  which  is  equally 
distant  from  every  point  of  the  circumference,  being  that  from 
which  the  circle  is  described. 

Centre  of  Graiilg  of  any  body,  or  system  of  bodies,  is  that 
point  upon  which  the  body,  or  system  of  bodies,  acted  upon  only 
by  the  force  of  gravity,  will  balance  itself  in  all  positions  ;  or  it  is 
a  point  which,  ^hcn  supported,  the  body  or  system  will  be 
supported,  however  it  may  be  situated  in  other  respects. 
Hence  it  follows,  that  if  a  line  or  plane  passing  through  the 
centre  of  gravity  be  supported,  the  body  or  system  will  be  also 
supported.  And,  conversely,  if  a  body  or  system  balance  itself 
upon  a  line  or  plane,  in  all  positions,  the  centre  of  gravity  is  in 
that  line  or  plane.  In  a  similar  manner  it  will  appear,  that  if 
a  body  rest  in  equilibrio,  when  suspended  from  any  point,  Ihe 
centre  of  gravity  of  that  body  or  system  is  in  the  perpendicular 
let  fall  from  the  centre  of  suspension  ;  and  on  these  principles 
depends  the  mechanical  method  of  finding  the  centre  of  gravity 
of  bodies. 

To  find  the  Centre  of  Crnritii  of  Bodies,  mechanically. — For 
this  purpose,  it  is  only  necessary  to  dispose  the  body  "succes- 
sively in  two  positions  of  equilibrium,  by  the  aid  of  two  forces 
in  vertical  directions,  applied  in  succession  to  two  diflerent 
points  of  the  body,  and  the  point  of  intersection  of  these  two 
directions  will  shew  the  centre  required. 

This  may  be  exemplified  by  particularizing  a  few  methods. 
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If  the  body  have  plane  sides,  as  apiece  of  board,  hang  it  np 
bj'  any  point,  then  a  plumb-line  suspended  from  the  same  point 
will  pass  through  the  centreof  gravity,  therefore  mark  that  line 
upon  it ;  and  after  suspending  the  body  by  another  point, 
apply  the  plummet  to  tind  another  such  line,  then  will  their 
intersection  shew  the  centre  of  gravity.  Or  thus:  hang  the 
body  by  two  strings  from  the  same  point  fixed  to  different  parts 
of  the  body  ;  then  a  plummet  hung  from  the  same  point  will 
fall  on  the  centre  of  gravity. 

Another  method  :  Lay  the  body  on  the  edge  of  a  triangular 
prism,  or  such  like,  moving  it  to  and  fro  till  the  parts  on  both 
sides  are  in  equilibrio,  and  mark  a  line  upon  it  close  by  the 
edge  of  the  prism  :  balance  it  again  in  another  position,  and 
mark  another  line  by  the  edge  of  the  prism  ;  the  vertical  line 
passing  through  the  intersection  of  these  lines,  will  likewise 
pass  through  the  centre  of  gravity.  The  same  thing  may  be 
effected  by  laying  the  body  on  a  table,  till  it  is  just  ready  to 
fall  off,  and  then  marking  a  line  upon  it  by  the  edge  of  the 
table  :  this  done  in  two  positions  of  the  body,  will,  in  like  man- 
ner, point  out  the  centre  of  gravity. 

Tojindlhe  Centre  of  Gravity  of  certain  Bodies,  geometricalhj. — 
Prop.  1.  To  find  the  centre  of  gravity  of  two  given  bodies. 
Let  A  and  B  be  tiie 

bodies,  " 


AC- 


Ob 


A  =  3, 
ABC. 


two        g! 

takeAG:BG  ::  B 
A  ;  so  shall  G  be  the 

centre  of  gravity  of  the  two  bodies,  as  is  obvious  from  the 
principle  of  the  lever ;  for  the  bodies  being  suspended  on  the 
point  G,  they  will  remain  in  equilibrio. — In  other  words,  the 
distances  A  G,  B  G,  from  the  common  centre  of  gravity,  are 
reciprocallv  as  the  weights  of  the  bodies  A  and  B  ;  for,  if  A  G 
=  4,  B  G  "=  6,  and  the  ball  B  =  2,  then  the  ball 
because  4  :  6  :  :  2  :  3. 

Prop.  2.  To  find  the  centre  of  gravity  of  a  triangle 
Bisect  any  two  sides,  A  C,  C  B,  in  the 
points  D  and  E,  join  AE,  B  D,  and 
the  point  of  intersection  G  will  be  the 
centre  of  gravity  of  the  triangle.  This 
is  obvious,  because  the  triangle  would 
balance  itself  on  each  of  the  lines  AE, 
B  D  ;  for  these  bisecting  the  line  B  C, 
A  C,  bisect  every  parallel  section,  and 
therefore  the  weight  on  each  side  is 
equal,  and  equally  distant  from  these 

lines.  •^.  ..    . 

3.  To  find  the  centre  of  gravity  of  a  trapezium.  Divide  it 
into  two  triangles,  and  find  the  centre  of  gravity  of  each  ;  and 
then,  by  prop.  1,  the  centre  of  gravity  of  these  two,  which  will 
be  the  centre  of  gravity  of  the  trapezium.  And  in  the  same 
manner  may  be  found  the  centre  of  gravity  of  any  right-lined 
figure. 

When  from  the  centre  of  gravity  of  any  body  we  let  fall  a 
line  perpendicular  to  the  horizon,  that  line  is  called  the  line  of 
direction,  the  property  of  which  is,  that  w hen  it  falls  within  the 
base  upon  which  the  body  stands,  the  body  cannot  fall,  but  if  it 
falls  «'!(/iOj(«  the  base,  the" body  will  tumble.  Thus,  in  the  inclin- 
ing body  A  B,  C  D,  as  in  the  annexed  figure,  the  centre  of 
gravity  is  B,  and  the  body  stands  firmly  on  its  base,  C  D  I  K, 
because  the  line  of  direction  E  F  falls  w  ithin  the  base.  But  if 
the  weight,  as  A  B,  G  H,  be  laid  iipon  the  top  of  the  body,  the 
centre  of  gravity  is  raised  to  L;  and  then,  as  the  line  of 
direction  LD  falls  without  the  base  at  D, 
the  centre  of  gravity  L  is  not  supported, 
and  the  body  and  weight  will  tumble. 
Hence  is  obvious  the  danger  of  rising 
hastily  in  a  coach  or  boat,  when  it  is  likely 
to  overset.  By  so  doing,  the  centre  of 
gravity  is  liable  to  be  thrown  out  of  the 
base,  and  the  vehicle  or  boat  overset. 
The  proper  conduct  of  passengers  in  such  ^j^: 

circumstances  is  to  lie  down  in  the  hot-  I  ^:  ■» 

tom,  and  bring  the  line  of  direction,  and 

consequently  the  centre  of  gravity,  within  the  base.  Coaches 
are  now  built  so  as  to  confine  the  centre  of  gravity  within  the 
base  upon  the  most  uneven  roads.  The  mechanical  motions  of 
animals  ought  to  be  regulated  on  these  principles  ;  for  when 


the  line  of  direction  falls  within  the  base  of  our  feet,  we  stand, 
and  most  firmly,  when  it  is  in  the  middle  of  the  body,  as  A,  in 
the  human  figure  ;  but  when  it  is  out  of  the  base,  we  immedi- 
ately fall.  When  you  endeavour  to  rise  from  a  seat,  yon 
thrust  forward  your  body,  and  draw  your  feet  backward,  till 
the  vertical  line  from  the  centre  of  gravity  falls  just  before 
your  feet ;  this  enables  you  to  rise,  and  prevents  you  falling 
forward  ;  you  advance  one  of  your  feet,  till  the  vertical  line  of 
direction  is  brought  between  your  feet,  in  consequence  of 
which  you  may  stand  firmly.  When  a  man.  B  C,  as  shewn  in 
the  following  figure,  endeavours  to  walk,  he  first  extends  his 
hindermost  leg  and  foot,  S,  almost  to  a  straight  line,  and  at  the 
same  time  bends  a  little  the  knee,  H,  of  his  fore  leg.  Thus 
bis  hind  leg  is  lengthened,  and  his 
fore  leg  shortened,  and  by  this  means 
his  body  is  moved  forward,  till  the 
centre  of  gravit},V,  falls  beyond  the 
fore  foot  B  ;  and  then  being  ready  to 
fall,  he  presently  prevents  it,  by  tak- 
ing up  the  hind  foot,  and  by  bending 
the  joints  of  the  hip,  knee,  and  ancle, 
and  suddenly  translating  it  forward 
to  T  beyond  the  centre  of  gravity, 
and  thus  he  gains  a  new  station. 

After  the  svime  manner,  by  extend- 
ing the  foot  and  leg  H  B,  and  thrust- 
ing forward  the  centre  of  gravity 
beyond  the  foot  S,  and  then  translat- 
ing the  foot  B  forward,  he  gains  a 
third  station ;  and  thus  walking  is 
continued  at  pleasure.  His  two  feet  do  not  go  in  one  right 
line,  but  in  two  lines  parallel  to  one  another;  therefore,  a  man 
walking  has  a  libratory  motion  from  one  side  to  the  other  ;  and 
it  is  not  possible  to  walk  in  a  right  line.  We  walk  on  level 
ground  easily  and  pleasantly  ;  it  is  laborious  to  climb  a  hill, 
from  the  great  flexure  required  of  the  joints  to  ascend,  and 
from  the  stress  they  receive  from  the  weight  of  the  body  in  that 
position.  In  ualkinr/  we  always  set  down  one  foot  before  the 
other  be  taken  up ;  and  therefore  at  every  step  we  have  both 
feet  on  the  ground  at  once.  But  in  rimnini/  we  never  set  one 
foot  down  till  the  other  be  up  ;  so  that  at  every  step  we  have 
but  one  foot  on  the  ground,  and  all  the  intermediate  time  none. 
The  walking  of  birds  is  not  unlike  that  of  man  ;  only  their 
weight  is  entirely  supported  by  the  strength  of  the  muscles, 
since  their  joints  are  always  bent.  The  feet  of  birds  are  also 
moved  in  two  parallel  lines.  The  motions  of  quadrupeds  are 
the  same  as  those  of  men. 

AVhen  a  beast,  a  horse  for  example,  stands,  the  line  of  gravity 
must  fall  within  the  quadrilateral  made  by  his  four  feet.  When 
he  walks,  he  has  always  three  feet  on  the  ground,  and  one  up,  as 
you  see  in  the  figure.  Thus,  suppose  he  first  lift  the  hind  foot 
C.     Before  he  does  this,  by  extending  his  leg  backwards,  he 

thrusts  forward 
his  body  and  the 
centre  of  gravity; 
then  taking  up 
the  foot  C  he 
moves  it  forward 
to  F.  Then  he 
directly  takes  up 
the  fore  foot  B 
on  the  same  side, 
and  carries  it  to 
H  ;  then  he  takes 
up  the  hind  foot 
D.and  translates 
it  forward  ;  and 
then  the  fore  foot 
A  ;  then  C  again, 
and  so  on. 
Let  any  person  try  to  walk  on  all-fours,  and  one  hand  and 
one  leg  on  one  side,  one  hand  and  one  leg  on  the  other,  is  the 
natural  action  of  the  horse  in  walking.  When  the  horse  trots, 
he  takes  up  two  feet  together,  and  sets  down  two  together, 
diagonally  opposite.  When  he  gallops,  he  takes  up  Ins  feet 
one  by  one,  and  sets  them  down  one  by  one ;  though  some 


C  E  N 


DICTIONARY    OF    MECHANICAL    SCIENCE. 


CEP 


161 


Riiiiiials  strike  willi  the  t«o  fore  feet  nearly  at  once,  and  tlie 
two  hind  feet  nearly  at  once  ;  and  have  not  ahove  two  feet  on 
the  ground  at  onec.  Animals  of  six  or  more  feet,  as  the  cater- 
pillar, fake  up  the  hindmost  first,  then  the  next,  and  then  the 
next  in  order  to  the  foremost,  all  on  one  sirlc ;  and  after  that, 
all  the  feet  on  the  other  s^de ;  in  the  same  order,  hej;inninK 
at  the  last.  If  the  caterpillar  were  to  take  uj)  its  foremost  feet 
first,  it  would  move  backwards,  as  we  see  a  crab  do  on  the  sea- 
liorse. 

Dogs,  and  oilier  four-footed  animals,  find  it  diflicult  to  stand 
upon  their  hind  le^s,  as  the  centre  of  gravity  lies  too  far  for- 
ward, the  heads  of  all  animals  being  heavy,  ia  proportion  to 
other  parts  of  the  body. 

In  the  duck,  the  goose,  and  the  swan,  who  are  adapted  for 
swimming,  the  centre  of  gravity  lies  pretty  far  forward  ;  hence 
they  walk  awkwardly,  and  do  not  seem  at  case  but  when  in 
the  water.  Hawks  liave  the  centre  of  gravity  so  far  forward, 
that  when  they  light  on  the  rocks  they  are  obliged  to  stand 
with  their  heads  up,  somewhat  in  the  manner  of  dogs.  If  they 
were  to  put  themselves  in  any  other  position,  they  would  fall 
forward.  Penguins  arc  similarly  formed,  and  their  weight 
sinks  them  so  deep  in  the  w  ater,  that  a  stream  passes  between 
the  neck  and  the  body.  In  cats,  and  animals  that  spring  upon 
their  prey,  the  centre  of  gravity  is  so  situated  that  they  uni- 
formly fall  upon  their  feet.  When  dropping  from  a  height, 
they  hang  down  the  fore  and  hind  feet  and  tail,  so  as  to  bring 
the  centre  of  gravity  to  the  point  below  their  breast,  which, 
descending  first,  makes  them  fall  as  they  do.  Fasten  a  piece 
of  lead  or  stone  to  the  string  of  a  bent  bow,  and  toss  the  whole 
in  the  air,  that  part  will  come  down  first,  and  the  back  of  the 
bow  will  never  do  so.  The  same  cause  acts  in  the  case  of  cats 
and  other  animals  of  prey. 

We  are  told  by  voyagers,  and  writers  on  natural  history, 
that  tortoises  are  taken  in  warm  climates  whilst  lloaling  in  a 
drowsy  state  on  the  surface  of  the  waves.  A  man  throws  him- 
self out  of  the  boat,  and  lays  hold  of  the  tortoise  by  the  tail, 
and  by  his  weight  keeps  it  from  diving,  whi(di  gives  his  com- 
panions time  to  lay  hold  and  drag  it  into  the  boat. 

Centre  o{  O'l/rntion,  of  a  body,  or  system  of  bodies,  is  that 
point  into  which,  if  the  whole  mass  were  collcetcd,  a  given  force 
applied  at  a  given  distance  from  the  axis  of  suspension,  would 
produce  the  same  angular  velocity  in  the  same  time,  as  if  the 
bodies  were  disposed  at  their  respective  distances.  This  point 
differs  from  the  centre  of  oscillation  only  in  this,  that  in  the  latter 
case  the  motion  is  produced  by  the  gravity  of  the  body  or  of  its 
particles,  but  in  the  case  of  the  centre  of  gyration  the  body  is  put 
in  motion  by  some  other  force  acting  at  one  place  only.  The 
distance  of  the  centre  of  gyration  from  the  axis  of  motion,  is  a 
mean  proportion  between  the  distance  of  the  centre  of  gravity 
and  oscillation  from  the  same  axis.  Hence,  when  any  two  of 
these  distances  are  known,  the  third  may  be  readily  dclerniined. 

Centre  of  Magnitude,  the  point  equally  distant  from  the 
gimilar  external  parts  of  a  body. 

Centre  oi  Motion,  that  point  which  remains  at  rest  while  all 
the  other  points  of  a  body  move  about  it.  And  this  is  the  same 
in  uniform  bodies  of  the  same  matter  throughout,  as  the  centre 
o*"  gravity. 

Centre  of  Oscillation,  is  that  point  in  the  axis  of  suspension 
of  a  vibrating  body,  in  which  if  all  the  matter  of  the  system 
were  collected,  any  force  applied  there  would  generate  the 
same  angular  velocity  in  a  given  time,  as  the  same  force  at  the 
rentre  of  gravity,  the  parts  of  the  system  revolving  in  their 
respective  places.  Or,  since  the  force  of  gravity  upon  the 
whole  body  may  be  considered  as  a  single  force,  eipiivalcnt  to 
the  weight  of  the  body,  applied  at  its  centre  of  gravity  ;  the 
centre  of  oscillation  is  that  point  in  a  vibrating  body,  into 
which  if  the  whole  mass  were  concentrated,  and  attached  to 
the  same  axis  of  niolion,  it  would  then  vibrate  in  the  same 
time  the  body  does  in  its  natural  state.  The  centre  of  oscilla- 
tion cannot  fall  williin  a  cone,  unless  the  altitude  he  greater 
than  the  semidiainclcr  of  the  cone's  base  ;  and  when  the  altitude 
and  semibasc  are  equal,  the  centre  of  the  base  is  the  centre  of 
ascillation;  but  when  the  semidiameter  of  the  base  exceeds  the 
altitude,  it  always  falls  below  the  base. 

Centre  of  Percussion,  in  a  moving  body,  is  that  point  where 
the  percussion  or  stroke  is  the  gieatest,  in  which  the  whole 
18. 


percutient  force  of  the  body  is  supposed  to  he  collected  ;  or 
about  which  the  impetus  of  the  parts  is  balanced  on  every  side, 
so  that  it  may  be  stopped  by  an  immoveable  obstacle  at  this 
point,  and  rest  on  it  without  acting  on  the  centre  of  suspension. 

1.  When  the  percutient  body  revolves  about  a  fixed  point, 
the  centre  of  percussion  is  the  same  with  the  centre  of  oscilla- 
tion ;  and  is  determined  in  the  same  manner,  tir.  bv  consider- 
ing the  impetus  of  the  parts  as  so  many  weights  applied  to  an 
inllexible  right  line  void  of  gravity  ;  namely,  by  di\iding  the 
sum  of  the  products  of  the  forces  of  the  parts  multiplied  by 
their  distances  from  the  point  of  suspension,  by  the  sum  of  the 
forces.  The  centre  of  percussion  in  a  cylinder  is  at  §  of  its 
length  from  the  point  of  suspension  ;  or  a  stick,  of  a  c\lindrical 
figure,  supposing  the  centre  of  motion  at  the  hand,  will  strike 
the  greatest  blow  at  a  point  about  two-thirds  of  its  length  from 
the  band. 

•2.  But  when  the  body  moves  with  a  parallel  motion,  or  all 
its  parts  with  the  same  celerity,  then  the  centre  of  percussion 
is  the  same  as  the  centre  of  gravity.  For  the  momenta  are  the 
products  of  the  weights  and  celerities  ;  and  to  multiply  equi- 
ponderating bodies  by  the  same  velocity,  is  the  same  thing  as 
to  take  equimultiples;  but  the  equimultiples  of  equiponderating 
bodies  do  also  c<|uiponderate,  therefore  equivalent  ntomcnta 
are  disposed  about  the  centre  of  gravity,  and  consequently  in 
this  case  the  two  centres  coincide,  and  what  is  true  of  the  one 
will  hold  in  the  other. 

Centre  Phonic,  in  Acoustics,  is  tJie  place  where  the  speaker 
stands  in  polysyllabical  and  articulate  echoes. 

Centre  Phonocamptic,  is  the  place  or  object  that  returns 
the  voice. 

Centre  of  Position,  in  Mechanics,  denotes  a  point  of  any 
body,  or  system  of  bodies,  so  selected  that  we  may  properly 
estimate  the  situation  and  motion  of  the  body,  or  system,  by 
those  of  this  point.  It  is  evident,  that  in  mechanical  discus- 
sions, the  point,  by  the  position  of  which  we  estimate  the  posi- 
tion and  distance  of  the  whole,  must  be  so  determined  that  its 
position  and  distance  of  the  whole,  estimated  in  any  direction 
whatever,  shall  be  the  average  of  the  positions  and  distances 
of  every  particle  of  the  mass  estimated  in  the  same  direction. 
Accordingly,  this  will  be  the  case,  if  the  point  be  so  selected 
that  when  a  plane  is  made  to  pass  through  it  in  any  direction 
whatever,  and  perpendiculars  arc  drawn  to  this  plane  from 
every  particle  in  the  body  or  system,  the  sum  of  all  the  perpen- 
diculars on  one  side  of  this  plane  is  equal  to  the  sura  of  all  the 
perpendiculars  on  the  other  side. 

CrxrRE  of  Pressiire.  or  fliria  Centre  of  a  fluid  against  a 
plane,  is  that  point  against  which  a  force  being  applied  equal 
and  contrary  to  the  whole  pressure,  it  will  sustain  it,  so  as  that 
the  body  pressed  on  will  not  incline  to  cither  side.  This  is  the 
same  as  the  centre  of  percussion,  supposing  the  axis  of  motion 
to  be  at  the  intersection  of  this  plane  with  the  surface  of  the 
fluid  ;  and  the  centre  of  pressure  upon  a  plane  parallel  to  the 
horizon,  or  upon  any  plane  where  the  pressure  is  uniform,  is 
the  same  as  the  centre  of  gravity  of  that  plane. 

Centre  of  spontatieous  Uolatwn,  is  that  point  which  remains 
at  rest  the  instant  a  l)ody  is  struck,  or  about  which  the  body 
begins  to  revolve.  If  a  body  of  any  size  or  form,  after  rota- 
tory or  gyratory  motions,  be  left  entirely  to  itself,  it  will 
always  have  three  principal  axes  of  rotation,  that  is,  all  the 
rotatory  motions  by  which  it  is  elfected  may  be  constantly 
reduced  to  three,  which  are  performed  round  three  axes  per- 
pendicular to  each  other,  passing  through  the  centre  of  gravity, 
and  always  preserving  the  same  position  in  absolute  space, 
while  the  centre  of  gravity  is  at  rest,  or  moves  uniformly 
forward  in  a  right  line. 

Centre  IV/ir,  Velii/ue,  or  r<7iV  Poi'nf,  isthc  centre  of  gravity 
of  an  equivalent  sail,  or  that  single  sail  whose  position  and 
magnitude  arc  such  as  cause  it  to  be  actcrl  upon  bv  the  wind 
when  the  vessel  is  sailing,  so  that  the  motion  shall  be  the  same 
as  that  which  takes  place  while  the  sails  have  their  usual 
positions. 

CKNTRIFUO.\L  Piimp,  a  very  curions  machine  for  raising 
water  by  means  of  a  centrifugal  force  combined  with  the  pres- 
sure of  the  atmosphere.  It  consists  of  a  large  tube  of  copper, 
f^c.  in  the  form  of  a  cross,  which  is  placed  perpendicularly  in 
the  water,  and  rests  at  the  bottom  on  a  pivot.  At  the  upper 
2  1- 
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part  of  the  tube  is  an  horizontal  cop;-wheel,  which  touches  the 
cogs  of  another  in  a  vertical  position  ;  so  that  hy  the  help  ot  a 
double  winch  the  whole  machine  is  moved  round  with  very 
great  velocity.  Near  the  bottom  of  the  perpendicular  part  of 
the  tube  is  a  valve  opening  upwards  ;  and  near  the  two  cxlte- 
iuilics,  but  on  the  contrary  side  of  the  arms  or  cross  part  of 
the  tube,  are  two  other  valves  opening  outwards.  These  two 
valves  are,  by  the  assistance  of  springs,  kept  shut  till  the 
machine  is  put  in  motion,  when  the  centrifugal  velocity  of  the 
water  forces  them  open,  and  discharges  itself  into  a  cistern  or 
reservoir  placed  there  for  that  purpose.  On  the  upper  part  of 
the  arms  are  two  holes,  which  are  closed  by  pieces  screwed 
into  the  metal  of  the  tube.  Before  the  machine  can  work, 
those  holes  must  be  opened,  and  water  poured  in  through 
them,  till  the  whole  tube  be  full;  by  these  means  all  the  air 
will  be  forced  out  of  the  machine,  and  the  water  supported  in 
the  tube  by  means  of  the  valve  at  the  bottom.  The  tube  being 
thus  lilled  with  water,  and  the  boles  closed  by  the  screw-caps, 
it  is  turned  round  by  means  of  the  winch,  when  the  water  in  the 
arms  of  the  tube  acquires  a  centrifugal  force,  opens  the  valves 
Bear  the  extremities  of  the  arms,  and  flies  out  with  a  velocity 
nearly  equal  to  that  of  the  extremities  of  the  said  arms.  This 
machine  cannot  raise  water  higher  than  32  feet ;  because  its 
action  depends  upon  the  weight  of  the  atmosphere,  and,  on 
shipboard,  is  much  inferior  to  the  chain-pump. 

Cr.NTiuFUGAL  Force,  is  that  force  by  which  a  body  revolving 
about  a  centre,  or  about  another  body,  has  a  tendency  to  recede 
from  it. 

CENTRIPETAL  Force,  is  that  force  by  which  a  body  is 
perpetually  urged  onwards  to  a  centre,  and  thereby  made  to 
revolve  in  a  curve  instead  of  a  right  line. 

CENTURY,  any  thing  divided  or  ranged  into  periods  of 
hundreds.  Thus  we  say,  such  a  century  of  the  Christian  icra, 
meaning  so  many  hundred  years  since  the  commencement  of 
that  ccra,  and  which  is  necessarily  one  more  than  the  number 
of  years  mentioned  in  the  date  :  the  present  is  the  19th  century, 
which  commenced  on  the  1st  of  .lanuary,  1801. 

CEPHEUS.  This  constellation  perpetuates  the  memory  of 
an  ancient  king  of  Ethiopia,  or  India,  said  to  be  the  father  of 
Androm;  da,  and  husband  of  Cassiopeia.  Hyk  (a  king)  was  the 
old  Ethiopian  name  for  this  asterism,  which  the  Arabians  call 
Jieiphiis,  and  Cheic,  an  evident  corruption  from  tlie  Greek. — 
The  boundaries  and  contents  are:  north  by  the  pole  of  the 
world,  east  by  Cassiopeia  and  Tarandus,  south  by  Larerta  and 
Cygnus,  and  west  by  Draco.  Right  ascension  8°,  and  declina- 
tion C0°  north.  It  contains  35  stars,  i/r.  three  of  the  3d  mag- 
nitufie,  seven  of  the  4tli,  &c.  Alderamin,  a,  having  318°  33' 66' 
right  oscension,  and  61°  49'  28"  north  declination,  culminates, 
at  London,  on  the  first  day  of  every  month,  as  shewn  in  the 
following  table :  Meridian  Altitude  79°  41'  32"  north. 


UoNTH. 

Culm. 

Month. 

Cdlm.      j 

Month. 

CCI.M. 

bo.  mi. 

ho.  nit. 

Iio.  rai. 

Jan. 

2  30  A. 

May 

6  34  M. 

Sept. 

10  29   A. 

Feb. 

12  I'J  A. 

June 

4  39  M. 

Oct. 

S  44    A. 

March 

10  19  M. 

Jaly 

2  39  M. 

Nov. 

fl  59    A. 

April 

8  29  M. 

Aug. 

12  29  M. 

Deo. 

4  49    A. 

CETUS,  t/ie  Whale,  is  pretended  by  the  Greeks  to  be  the 
sea  monster  which  Neptune,  brother  to  Juno,  sent  to  devour 
Andromeda,  because  her  mother,  Cassiopeia,  had  boasted  her- 
self to  be  fairer  than  Juno  and  the  Nereides  ;  and  it  was  placetl 
among  the  stars,  when  Perseus,  to  save  that  princess,  struck  it 
dead,  by  presenting  to  its  view  the  head  of  Medusa.  The 
name  of  this  constellation  is  found  long  prior  to  the  time  of 
Perseus.  When  the  cipiinoctial  sun  in  Aries  opened  the  year. 
it  was  denominated  the  iireserver  or  deliverer,  by  the  idolaters  of 
the  East.  The  constellation  of  the  Whale  is  called  Nun  in  Chal- 
daic,  and  Nima  in  Syriac.  Now  the  head  of  Cclus  is  placed 
immediately  under  the  Uam,  and  always  rises  and  sets  with 
that  sign,  but  the  rest  of  the  constellation  rises  before 
Aries.  On  this  account,  it  has  been  suggested,  that  the 
Ram  was  metaphorically  called  the  son  of  that  constellation, 
■Hhicli  is  next  to  it,  and  which  rises  immediately  before  il. — The 
boi;:idarics  and  contents  of  this  constellation  are:  north  by 
Pisces  and  Aries,  cast  by  Eri<lamis,  Orion,  and  Taurus,  south 
by  Fornax  Chemica  and  OITicina  Sculptoris,  and  west  by  Aqua- 
rius.    This  constellation  occupies  the  greatest  space  of  any  iu 


the  firmament.  It  contains  97  stars,  of  which  twoareoftlic 
2d  magnitude,  eight  of  the  third,  nine  of  the  4lli,  See.  Tho 
brilliant  in  this  constellation  is  Menhar,  situated  in  the  upper 
mandible,  and  of  the  •2A  magnitude,  having  43°  12'  b'sf  north, 
right  ascension,  and  3°  '22'  50"  declination  north.  This  star 
appears  in  the  horizon,  at  London,  on  E.  by  N.  i  E.  point  of 
the  compass,  ai:d  rises  and  culuiinates  as  in  the  following 
table  :  Meridian  Altitude  41°  51'  50". 


ONTH. 

Rises. 

CnLM. 

Month. 

R[SES 

Culm. 

ho.  mi. 

ho.  mi. 

QO.  mi. 

ho.  mi. 

Jan. 

2     0    A. 

8     5    A. 

July 

1   55  M. 

8  10   M. 

F.b. 

11   4.5  M. 

5  53    A. 

Au;. 

11  50    A. 

C     3  M. 

Mar. 

9  35  M- 

4     4    A. 

Sepl. 

9  55    A. 

4   10  M. 

April 

7  50  M. 

2   15    A. 

Oct. 

8   10    A. 

2  26  M. 

Mav 

G     0  M. 

0  20  M. 

Nov. 

0   15    A. 

12  35  M. 

June 

3   50  M. 

10  14  M. 

Dec. 

4  15    A. 

10  22    A. 

CHAFF  MACHINE,  as  represented  in  the  following  figure, 
is  used  for  cutting  straw  for  horses  and  cattle.  This  machine 
consists  of  a  wooden  frame,  supported  by  four  legs ,  and  on 
this  frame  is  a  box  to  hold  the  straw,  about  5  feet  long  and  10 
inches  broad.  On  the  wheel  B  is  fixed  a  knife  A,  and  in  every 
revolution  of  the  wheel  the  knife  passes  the  end  of  the  bo,\, 
and  cuts  the  straw  into  chaff.  The  straw  is  fed  by  two  roller! 
connected  with  the  machinery  in  the  side  of  the  box,  and 
worked  usually  by  a  wheel,  whose  teeth  work  in  an  endless 
screw.  The  whole  is  worked  by  the  hand,  which  grasps  the 
winch  C.  This  is  Baker's  chall-outter.  Pike's  is  somewhat 
dilTerent. 


CHAIN,  an  instrument  used  in  surveying,  of  which  there  are 
three  different  kinds,  but  that  which  is  most  commonly 
employed  for  this  purpose,  is  the  Gunter  chain,  so  called  from 
the  name  of  its  inventor.  This  chain  is  4  poles,  or  66  feet  long, 
and  is  divided  into  100  square  lengths,  or  links,  each  link  beint; 
7'92  inches  in  a  link.  1  square  chain  =:  10000 links  r:  16 poles; 
10  square  chains  zz  100000  links  =  160  poles  =z  1  acre. 

Hence  we  have  the  following  easy  method  of  converting  links 
or  chains  to  acres  : — From  the  number  of  links  point  oil'  five 
figures  to  the  right  hand  for  decimals,  and  those  on  the  left  will 
be  acres;  multiply  the  decimals  by  4,  and  point  off  again  five 
places  for  decimals,  and  those  on  the  left  will  be  roods ;  multi- 
ply these  decimals  by  40,  and  point  off  the  decimals  as  above, 
and  the  figures  on  the  left  will  be  poles,  or  perches,  which  is 
commonly  the  lowest  denominator.     See  Slrvkving. 

CHAIN-PUMP,  a  well-known  hydraulic  machine  for  raising 
water.  It  is  usually  made  from  12  to  25  feet  in  length,  and 
consists  of  two  collateral  square  barrels,  and  an  endless  chain 
of  pistons  of  the  same  form  fixed  at  proper  distances.  The 
chain  is  moved  round  a  coarse  kind  of  whcelwork,  fixed  some- 
times at  one  end,  but  often  at  both  ends  of  the  machine.  The 
teeth  of  the  wheelwork  are  so  contrived  as  to  receive  one  half 
of  the  fiat  pistons,  and  let  them  fold  in  ;  and  they  take  hold  of 
the  links  as  they  rise.  A  whole  row  of  the  pistons  (which  go 
free  of  the  sides  of  the  barrel  by  about  a  quarter  of  an  inch)  are 
nlways  lifting  when  the  pump  is  at  work :  and,  as  this  machine 
is  generally  worked  briskly,  the  pistons  or  iiallcls  bring  up  a  full 
btire  of  water  in  the  pump.  Chain  pumps  are  wrought  some- 
times by  men  turning  winches,  sometimes  hy  horses,  and  somo- 
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times  by  the  impulse  of  a  stream  of  water:  they  are  likewise 
so  contrivcil.  that  by  the  continual  folding  in  of  tlic  pislons, 
gtones,  dirt,  or  whatever  comes  in  the  way,  may  be  cleared  ofi'; 
they  are  therefore  often  used  to  drain  ponds,  sewers,  and  remove 
foul  water,  when  no  other  pump  could  be  employed. 

Chain-pumps  are  not  merely  fixed  in  a  vertical  position,  but 
are  often  inclined  ;  and  in  the  latter  caselhey  are  in  a  state  of  the 
greatest  perfection,  or  raise  the  most  water,  when  the  breadth 
of  the  pallets  is  equal  to  their 
distance  from  each  other,  and 
the  plane  is  inclined  under  an 
angle  of  24°  21'.  The  Chinese 
method  of  working  the  chain- 
pump  resembles  the  opera- 
tion of  the  trcad-niill. 

It  is  not  unusual  for  chain- 
pumps  to  be  erected  wilhoiit 
a  barrel  to  receive  the  pis- 
tons, after  the  manner  repre- 
sented in  the  figure.  The 
pallets  are  converted  into 
square  boxes  S,  S,  Sue.  Hhi(Oi 
are  raised  by  means  of  hexa- 
gonal axles,  each  side  of  the 
iiexagon  being  equal  to  the 
distance  from  box  to  box  ;  the 
boxes  descend  with  their 
mouths  downwards,  and  so 
enter  the  water. 

Another  contrivance  for 
raising  water,  similar  to  the 
chain-pump,  is  an  endless 
rope,  with  stulfed  cushions 
Lung  upon  it,  w  hieh,  by  means 
of  two  wheels  or  drums,  are 
caused  to  rise  in  succession 
in  the  same  barrel,  and  to 
carry  water  with  them.  From 
the  resemblance  of  this  appa- 
ratus to   a  string  of  beads,  it 

is  usually  called  paternosler-work.  But  in  this,  as  well  as  the 
chain-pump,  the  magnitude  of  the  friction  is  a  formidable 
practical  objection. 

CHAINS,  strong  links  or  plates  of  iron,  the  lower  ends  of 
which  are  bolted  through  a  ship's  side'  to  the  timbers  :  they 
are  placed  at  short  distances  from  each  other  on  the  sliip'.s 
outside,  as  being  used  to  contain  the  blocks,  called  dead-eyes, 
by  which  the  shrouds  of  the  masts  are  extended. 

CHAIN-SHOT,  a  particular  kind  of  shot,  formed  by  fasten- 
ing two  cannon-balls  together  with  a  short  cliain.and  designed 
to  mangle  and  ruin  a  ship's  sails  and  rigging. 

CHAIN-WALES,  or  Channels,  broad  and  thick  planks 
projecting  horizontally  from  the  ship's  outside,  beginning 
abreast  of,  and  continuing  somewhat  abaft  each  mast.  They 
are  formed  to  extend  the  shrouds  from  each  other,  and  from  the 
axis,  or  middle  of  the  ship,  so  as  to  give  a  greater  security  and 
support  to  the  masts,  and  to  prevent  the  shrouds  from  rubbing 
against  the  gun-wale.  Every  mast  has  its  chain-wales,  which 
are  either  built  above  or  below  the  second-deck  ports  in  a 
ship  of  the  line;  they  are  strongly  connected  to  the  side  by 
knees  bolts,  and  standards,  besides  being  confined  thereto  by  the 
chains,  whose  upper  ends  pass  through  notches  on  the  outer 
edge  of  the  cliain-wales,  so  as  to  unite  with  the  shrouds  above. 

CHALDRON,  an  English  dry  measure  of  capacity,  mostly 
used  in  measuring  coals.  The  chaldron  contains  3G  bushels,  and 
weighs  about  28  cwt.  By  act  of  parliament,  the  Newcastle 
chaldron  is  to  weigh  52^  cwt.,  and  this  is  to  the  London  chal- 
dron in  the  ratio  of  15  to  5,  which  gives  28  cwt.  for  the  London 
chaldron,  as  above  slated. 

CHAMELEON,  Thl,  in  Astronomy,  is  a  small  asterisra  by 
the  roots  of  Robur  Caroli,  at  the  south  pole,  and  contains  ten 
stars,  none  of  « Inch  exceed  the  ,'itli  magnitude. 

CHANCES,  an  interesting  branch  of  the  modern  analysis, 
which  treats  of  the  probability  of  certain  events  takini;  place, 
by  enntcniplaling  the  different  ways  in  which  tlicy  may  happen 
or  fall.     The  doctrine  of  clianccs  is  a  subject   of  which  the 


ancients  seem  to  have  had  no  idea;  the  discovery  of  it  is 
wholly  due  to  the  moderns  ;  but.  like  most  other  theories,  it  has 
grown  into  a  science  by  such  imperceptible  degrees,  that  we 
can  scarcely  say  to  whom  we  are  indebted  for  the  (irst  inven- 
tion. But  the  various  circumstances  and  limitations  under 
which  events  may  happen,  render  it  impossible  to  reduce  the 
laws  of  chance  to  a  few  determined  rules  and  piinciples,  as  is 
done  in  various  other  branches  of  analysis  ;  much  must  neces- 
sarily be  left  to  the  judgment  of  the  analyst,  and  no  subject 
requires  more  his  care  and  attention.  We  cannot  in  this  place 
enter  upon  the  subject  further  than  to  observe,  that  the  proba- 
bility of  casting  an  ace  with  a  single  die  in  one  throw  is  J,  of 
casting  an  ace  or  deuce  is  §,  and  so  on.  Again,  the  probability 
of  drawing  an  ace  out  of  a  coniplelc  pack  of  cards  is  j»j  or  f,. 
For  there  are  four  aces  and  62  cards,  or  4  chances  for  the 
event  happening,  and  .02  for  its  happening  and  failing. 

CHANGES,  in  Mathematics,  denote  the  various  arrange- 
ments that  may  take  place  in  the  order  or  situation  of  a  given 
number  of  things  ;  and  is  distinguished  from  the  more  general 
term  Permutations,  in  this  ;  that  in  the  latter  there  may  be  anv 
number  of  things,  and  any  number  taken  at  a  time;  while  in 
the  former,  the  whole  number  is  always  supposed  to  enter. 
The  whole  number  of  changes  that  a  given  number  of  things  n 
admits  of,  is  equal  to  tlie  continued  product  1.2.3.4.  .  .  .n  ;  thus 
the  number  of  changes  of  ...  .G  things  z=   1.2.3.4.0.6      n     720 

7  things  =z  1.2.3.4.5.6.7  zi  60U) 
See  Permutation  and  Combination. 

CHANNEL,  in  Hydrography,  the  deepest  part  of  a  river, 
harbour,  or  streight,  which  is  most  convenient  for  the  track  of 
shipping;  also,  an  arm  of  the  sea  running  between  an  island 
and  the  main  or  continent,  as  the  British  channel,  &c. 

CHARACTERS,  in  Mathematics,  are  certain  symbols  intro- 
duced in  order  to  represent  either  quantities  or  operations. 
Algebraical  Characters  are  those  used  to  denote  operations, 
equalities,  proportions,  &c.  See  Algebraical  Definition). 
Astronomical  Characlers  are  those  used  to  denote  the  Aspects, 
Planets,  Sir/ns,  &c.  Geometrical  and  Trigonometrical  Charac- 
ters. -Sfc  Geometry  and  Trigonometry.  Numeral  C/iaracf«)'« 
are  those  used  to  represent  numbers. 

CHARGE,  in  Electricity,  in  a  strict  sense,  denotes  the  accu- 
mulation of  the  electric  matter  on  one  surface  of  an  electric,  as 
a  pane  of  glass.  Leydcn  phial,  &c.  whilst  an  equal  quantity 
passes  oil  from  the  opposite  surface. 

CnAiir, r,  in  Gunnery,  is  the  quantity  of  powder  and  ball,  or 
shot,  put  into  a  piece  of  ordnance,  in  order  to  prepare  it  lor 
execution.  Different  charges  of  powder,  with  the  same  weight 
of  ball,  produce  different  velocities  in  the  ball,  which  are  in 
the  subduplicate  ratio  of  the  weights  of  powder  ;  and  when 
the  weight  of  powder  is  the  same,  and  the  ball  varied,  the 
velocity  produced  is  in  the  reciprocal  subduplicate  ratio  of  the 
weight  of  the  ball :  and  thus  corresponds  lioth  to  theory  and 
practice.  This,  however,  is  on  a  supposition  that  the  gun  is 
of  an  indefinite  length  ;  whereas,  on  account  of  the  limited 
length  of  guns,  some  variation  from  this  law  occurs  in  practice, 
as  well  as  in  theory;  in  consequence  of  which  it  appears,  that 
the  velocity  of  the  ball  increases  with  the  charge  only  to  a  ce.'- 
tain  point,  which  is  peculiar  to  each  gun,  where  the  velocity  is 
the  greatest ;  and  that,  by  farther  increasing  the  charge,  the 
velocity  is  gradually  diminished,  till  the  bore  is  quite  full  of 
powder.  The  length  of  the  charge  producing  the  greatest 
velocity,  ought  to  be  about  gths  of  the  length  of  the  bore.  But 
for  several  reasons,  the  length  of  the  chjirge  producing  the 
greatest  velocity  falls  short  of  this,  and  the  more  so  as  the  gun 
is  the  larger.  From  many  exi)eriments  it  has  been  found,  that  the 
length  of  the  charge  producing  the  greatest  velocity,  in  gun.s 
of  various  lengths  of  bore,  from  1.5  to  U) calibers,  is  as  follows  : 

Lenclh  of  Van  in  Cnlilicra.  Lmmh  of  I  l.arvo  f,ir 

BTtatesl  \  t^l»ciue». 

15 A 

20  iS 

30  -A 

40  A 

In  practice,  however,  the  charge  which  jiroduces  the  greatest 
velocity,  is  not  that  which  produces  the  greatest  effect,  at  least 
in  battering  down  the  gates,  &c.  of  fortified  places,  and  in 
naval  actions;  for  the  balls,  in  these  cases,  penetrate  and  I'ass 
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quite  tlirougli,  and  therefore  communicate  to  the  objects  they 
strike  afcainst,  only  a  part  of  their  momenluni. 

CHARLES'S  Wain,  a  name  given  by  some  old  astronomical 
writers  to  the  constellation  Ursa  Major. 

CHART,  or  Sea  Chart,  a  hydrographical  or  sea  map,  for 
the  use  of  navigators ;  being  a  projection  of  some  part  of  the 
sea  in  piano,  shewing  the  sea-coasts,  rocks,  sands,  bearings, 
&c.  Fournier  ascribes  the  invention  of  sea  charts  to  Henry, 
son  of  John,  king  of  Portugal.  These  charts  are  of  various 
kinds,  the  plain  cliart,  Mercalor's  or  Wright's  chart,  the  globu- 
lar chart,  &c.  In  the  construction  of  charts,  great  care  should 
be  taken  that  the  several  parts  of  them  preserve  their  position 
to  one  another,  in  the  same  order  as  on  the  earth  ;  and  it  is 
probable,  that  the  Gnding  out  of  proper  methods  to  do  this  gave 
rise  to  the  various  modes  of  projection. 

There  are  many  ways  of  constructing  maps  and  charts  ;  but 
Ihey  depend  chiefly  on  two  principles.  First,  by  considering 
the  earth  as  a  large  extended  flat  surface  ;  and  the  charts  made 
on  this  supposition  are  usually  called  plain  charts.  Secondly, 
by  considering  the  earth  as  a  sphere  ;  and  the  charts  made  on 
this  principle  are  sometimes  called  globular  charts  ;  Mcrcator's 
charts  resemble  a  cylinder  unrolled  ;  and  to  these  bydrogra- 
phical  maps  we  more  properly  give  the  epithet  chart. 

Plain  Chauts  have  the  meridian,  as  well  as  the  parallels  of 
latitude,  drawn  parallel  to  each  other,  and  the  degrees  of  longi- 
tude and  latitude  every  where  equal  to  those  at  the  equator. 
And  therefore  such  charts  must  be  deficient  in  several  respects. 
For,  first,  since  in  reality  all  the  meridians  meet  in  the  poles, 
it  is  absurd  to  represent  them,  especially  in  large  charts,  by 
parallel  right  lines.  Secondly,  as  plain  charts  shew  the  degrees 
of  the  several  parallels  as  equal  to  those  of  the  equator,  there- 
fore the  distances  of  places  lying  east  and  west  must  be  repre- 
sented much  larger  than  they  really  are.  And,  thirdly,  in  a 
plain  chart,  while  the  same  rhumb  is  kept,  the  vessel  appears 
to  sail  on  a  great  circle,  which  is  not  really  the  case.  Yet 
plain  charts  made  for  a  small  extent,  as  a  few  degrees  in  length 
and  breadth,  may  be  tolerably  exact,  especially  for  any  part 
within  the  torrid  zone  ;  and  even  a  plain  chart  made  for  the 
whole  of  this  zone  will  differ  but  little  from  the  truth. 

Blercator's  Chart,  like  the  plain  charts,  has  the  meridians 
represented  by  parallel  right  lines,  and  the  degrees  of  the 
parallels,  or  longitude,  every  where  equal  to  those  at  llie 
equator,  so  that  they  are  increased  more  and  more,  above  their 
natural  size,  as  they  approach  towards  the  pole  ;  but  then  the 
degrees  of  the  meridians,  or  of  latitude,  are  increased  in  the 
same  proportion  at  the  same  part ;  so  that  the  same  proportion 
is  preserved  between  them  as  on  the  globe  itself.  This  chart 
has  its  name  from  that  of  the  author,  Girard  JNIercator,  who 
first  proposed  it  for  use  in  the  year  1556,  and  made  the  first 
charts  of  this  kind,  though  they  were  not  altogether  on  true  or 
exact  principles,  nor  does  it  appear  that  he  perfectly  understood 
them.  Neither,  indeed,  was  llic  thought  originally  his  own,  of 
lengthening  the  degrees  of  the  meridian  in  some  proportion ; 
for  that  was  hinted  by  Ptolemy  two  thousand  years  ago.  It 
was  not  perfected,  however,  till  about  the  year  151)0,  when  Mr. 
Wright  shewed  a  ready  w  ay  of  constructing  it,  by  enlarging  the 
meridian  line  by  the  continual  addition  of  the  secants. 

Globular  Chart,  is  a  projection  so  called  from  the  conformity 
it  bears  to  the  globe  itself.  This  is  a  meridional  projection,  in 
which  the  parallels  are  equidistant  circles,  having  the  pole  (or 
their  common  centre,  and  the  meridians  curvilinear  and  inclined, 
so  as  all  to  meet  in  the  pole,  or  common  centre  of  the  parallels. 
By  which  means  the  several  parts  of  the  earth  have  their  pro- 
per proportion  of  magnitude,  distnnce,  and  situation,  nearly  the 
same  as  on  the  globe  itself ;  which  renders  it  a  good  method 
for  geographical  maps. 

Hi/dror/ra/i/iical  Charts,  are  sheets  of  large  paper,  on  which 
several  parts  of  the  land  and  sea  are  described,  with  their 
respective  coasts,  harbours,  sounds,  flats,  rocks,  shelves,  sands, 
&c. ;  also  the  points  of  the  compass,  and  the  latitudes  and 
longitudes  of  the  places. 

Selnnoi/raphic  CHARTS,  are  particular  descriptions  of  the 
appearances,  spots,  and  macula;  of  the  moon. 

Toprii/rap/iic  CHARTS,  are  draughts  of  some  small  parts  only 
of  the  earth,  or  of  some  partiewlar  place,  wilbout  regard  to  its 
relative  situation,  as  London,  York,  &c. 


CHEMISTRY,  investigates  the  cfTects  of  the  action  of  bodies 
upon  each  other,  with  the  view  of  determining  their  constituent 
principles,  and  forming  new  compounds.  The  extensive  utility 
of  this  science  is  shewn  by  its  immediate  connexion  with  the 
arts,  subservient  to  the  subsistence  or  the  comforts  of  man. 
Dyeing,  bleaching,  taiming,  glass-making,  the  working  of 
metals.  Sec.  are  chemical  operations.  In  agriculture  its  use  is 
very  important,  because  it  explains  the  phenomena  of  the 
growth  and  nonrishment  of  vegetables,  and  the  nature  and 
action  of  manures,  &c.  The  culinary  arts,  the  arts  of  baking, 
brewing,  distilling.  Sec.  owe  their  improvement  to  chemistry. 
In  medicine,  it  affords  invaluable  assistance,  by  giving  the 
medical  man  a  knowledge  of  the  various  substances  used  as 
medicines.  In  short,  there  is  scarcely  any  art,  trade,  or  manu- 
facture that  does  not  depend,  either  immediately  or  remotely, 
upon  a  knowledge  of  this  science.  Besides,  it  enlarges  the 
mind,  by  alforditig  us  a  more  extensive  and  intimate  knowledge 
of  nature,  and  procures  for  us  some  of  the  most  sublime  plea- 
sures and  rational  enjoyments.  Before  we  proceed  to  the 
theory,  we  shall  describe  the  principal  processes  employed  in 
chemical  experiments  :  these  are — 

1.  Trituration.  2.  Sifting.  ;?.  Washing.  4.  Filtration.  5.  De- 
cantatiou.  6.  Lixiviation.  7.  Evaporation.  8.  Distillation.  9. 
Sublimation.  10.  Crystallization.  11.  Solution.  12.  Precipita- 
tion. 13.  Fusion.  14.  Cupellation.  15.  Digestion.  ICi.  Satura- 
tion. 17.  Combustion.  18.  Deflagration.  19.  Detonation.  20. 
Operations  in  the  dry  way.     21.  And  in  the  humid  way. 

Mechanical  Operations  fur  the  Division  of  Bodies. — Trituration, 
Pulverization,  and  Levigation,  (or  the  reduction  of  solids  into 
powders  of  different  degrees  of  fineness,)  are  necessary  and 
preliminary  operations,  previous  to  the  solids  being  chemically 
acted  upon.  Brittle  substances  are  reduced  to  powder  by 
means  of  hammers,  pestles  and  mortars,  and  stones  and  mul- 
lers.  The  annexed  cut  represents  a  pestle  and 
mortar.  Fibrous  substances,  as  wood,  the  horns 
of  animals,  elastic  gum,  and  metals,  which  flatten 
under  the  hammer,  cannot  be  reduced  to  powder 
by  the  foregoing  methods ;  for  these,  files,  rasps, 
knives,  and  graters,  are  used. 

Sifting.  The  separation  of  the  finer  parts  of  bodies  from  the 
coarser,  which  may  want  farther  pulverization,  is  performed  by 
sifting  or  washing.  A  sieve  consists  of  a  cylindrical  band  of 
thin  wood,  or  metal,  having  silk,  leather,  hair,  or  wire,  plaited 
or  woven,  and  stretched  across  it.  Sieves  are  of  different 
degrees  of  Oneness. 

Washing,  is  employed  for  procuring  powders  of  an  uniform 
fineness,  more  accurately  than  by  the  sieve  ;  but  it  can  only  be 
used  for  substances  that  are  not  acted  upon  by  the  fluid  which 
is  used  in  the  washing. 

Filtration,  is  a  finer  species  of  sifting,  through  the  pores  of 
paper,  flannel,  fine  linen,  sand,  pounded  glass,  porous  stones, 
and  the  like.  It  is  used  for  separating  fluids  from  solids,  or 
gross  particles  that  may  happen  to  be  suspended  in  them,  and 
not  chemically  combined  with  the  fluids.  Thus,  salt  water 
cannot  be  deprived  of  its  salt  by  filtration  ;  but  muddy  water 
will  deposit  its  mud. 

Decantation,  separates  solid  particles  which  are  difi'uscd 
through  liquors.  These  are  allowed  to  settle  to  the  bottom, 
and  the  clear  fluid  is  gently  poured  oft'.  If  the  sediment  be 
extremely  light,  and  apt  to  mix  again  with  the  fluid  by  the 
slightest  motion,  a  syphon  is  used  for  drawing  off  the  clear  fluid. 

Li.xiviation,  is  the  separation  by  w  ater,  or  some  other  fluid,  of 
such  substances  as  are  soluble  in  that  fluid,  from  other  sub- 
stances that  are  not  soluble  in  it.  If  a  mineral  consisting  of 
salt  and  sand,  or  salt  and  clay,  &.c.  be  broken  to  powder  and 
thrown  into  water,  the  salt  will  be  dissolved  and  kept  suspended, 
whilst  the  earthy  matter  will  fall  to  the  bottom  of  the  vessel, 
and,  by  means  of  filtration,  may  be  separated  from  the  fluid. 

Evaporation,  separates  a  fluid  from  a  solid,  or  a  more  volatile 
fluid  from  another  less  volatile.  Evaporation  is  used  when  tlie 
more  volatile  or  fluid  substance  is  not  to  be  preserved,  and 
various  degrees  of  beat  are  employed  for  this  purpose,  accord- 
ing to  the  nature  of  the  substances.  Evaporation  is  performed 
in  vessels  of  wood,  glass,  metal,  porcelain,  &c.  of  a  flat  shape, 
to  expose  the  liquids  as  extensively  as  possible  to  the  action  of 
heat :  evaporating  vessels  may  be  placed  either  over  the  naked 
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fire,  or  in  a  vessel  filled  with  sand,  called  a  sand-bath  ;  or  they 
may  be  left  in  a  warm  room. 

Distillation.  When  the  fluid  which  is  evaporated  must  be 
preserved,  the  operation  is  called  distillation,  which  is  nothing 
more  than  evaporation  in  close  vcssel.s,  tu  separate  two  fluids 
of diderent  degrees  of  a 

volatility,  and  preserve 
the  most  volatile,  or 
both  of  them.  The 
lubstance  to  he  sub- 
jected to  distillation  is 
put  into  some  vessel 
that  will  resist  the 
action  of  heat,  called  a 
retort.  See  the  annexed  figure,  of  which  A  is  the  retort,  and 
B  a  vessel  for  receiving  the  product  of  distillation;  the  latter 
is  called  the  receiver,  a  is  called  the  turbulure,  having  a  glass 
stopper,  by  which  the  substance  intended  for  distillation  is 
poured  into  the  retort ;  b  is  the  neck  of  the  receiver,  into  which 
the  beak  of  the  retort  enters.  Alembics  and  stills  having  beaks 
in  the  same  way,  arc  used  for  sublimation  and  distillation. 
The  vessel  that  contains  the  liquor  to  be  distilled  is  placed  upon 
the  fire,  or  in  a 
sand  bath,  or  over 
a  lamp ;  the  heat 
causes  the  volatile 
fluid  to  rise  in  the 
fortn  of  vapour  and 
pass  into  the  re- 
ceiver, where  it  is 
again  condensed 
by  cold.  This  con- 
densation may  be 
assisted  by  making 
the  vapour  pass 
through  a  tube 
which  is  immersed 
in  a  vessel  contain- 
ing cold  water,  and 

called  the  refrigeratory.    The  above  represents  a  still  in  action  ; 
A  is  the  end  of  the  tube  from  whence  the  distilled  fluid  escapes. 

Sublimation.  When  the  materials 
which  are  evaporated  concrete  in  a  solid 
form  within  the  neck  of  the  distilling 
vessels,  the  operation  is  called  sublima- 
tion, and  is  performed  in  an  alembic, 
which  the  annexed  figure  represents. 
A  is  the  cucurbit  or  boiler ;  B  is  the  head 
or  capital  ;  C  is  a  glass  tube  through 
which  the  sublimed  substances  pass  into 
I),  the  receiver.  The  following  beautiful 
experiment,  illustrated  by  an  engraving, 
will  amply  explain  the  operation  of  sub- 
limation. Procure  a  bell-glass,  a  sprig 
of  rosemary,  a  flat  circular  piece  of  iron 
or  copper,  and  two  drachms  of  Benzoic 
acid.  Heat  the  iron  nearly  to  redness, 
sprinkle  the  acid  on  it,  and  invert  the 
bell-glass,  with  the  rosemary  sprig  in  it, 
over  the  whole.  The  acid  will  arise  or 
be  sublimed  in  dense  fumes,  and  will  be 
precipitated  or  settled  on  the  cool 
branches  of  the  rosemary,  in  the  form  of 
a  beautiful  hoai  frost. 

Crystallization.     When  a  salt  is  dis- 
solved in  wati-i,  or  other  fluid,  and  by 
evaporation  the  fluid  is  driven  ofl',   (he 
salt  gradually  aei|uires  a  solid  form,  and 
in  doing  this,  it  arranges  its  particles  in 
a  particular  manner;  and  they  are  then 
said    to     be    crystallized.      Some    salts 
arrange  themselves  in  the  forms  of  pyra- 
mids, some  of  prisms  of  dilVcrent  kinds, 
&c.     Vessels  of  earthenware  or  glass  are  employed   for  such 
crystallizations  ;  and  they  must    be  kept  perfectly  still,  and 
well  defended  from  dust  or  accidents. 
18. 


Solution.  When  a  salt  is  mixed  with  water,  it  loses 
its  stale  of  solidity,  the  particles  of  salt  are  divided,  and 
unite  themselves  to  those  of  the  water,  forming  a  liquid  ot 
which  all  the  parts  are  homogeneous,  or  of  the  same  kind. 
In  this  process  neither  the  salt  nor  the  water  is  decomposed, 
and  the  salt  may  be  recovered  again  in  its  original  state  and 
quantity,  by  driving  ofl'  the  water  by  evaporation.  The  same 
takes  place  when  resin  is  mixed  with  spirits  of  wine.  The 
solution  of  metals  by  acids,  is,  however,  of  a  difl'erent  nature  ; 
here  one  of  the  substances  is  altered,  and  difl'erent  products 
are  obtained.  Vessels  of  glass  are  used  for  solution.  The 
liquid  used  for  dissolving  a  metal,  or  other  solid  substance,  is 
usually  called  a  solvent. 

Precipitation,  is  the  recovery  or  separation  of  a  body  from 
its  solvent,  by  the  addition  of  a  third  substance,  so  that  the 
former  may  re-appear  in  a  solid  slate.  The  substance  thus 
recovered,  is  called  a  precipitate,  and  the  superadded  body 
that  occasions  this  precipitation,  is  called  a  precipitant. 

Fusion.  The  melting  or  causing  any  body  to  pass  from  the 
solid  to  the  liquid  state,  by  the  action  of  fire,  is  called  fusion. 
The  fusion  of  metallic  substances  re- 
quires vessels  which  will  resist  de- 
struction by  fire.  Those  vessels  called 
crucibles  are  mostly,  if  not  always, 
made  of  earthenware,  or  porcelain,  or 
a  mixture  of  clay  and  powder  of  black- 
lead.  Some  of  these  are  barrel-shaped, 
as  A  ;  others  are  indented  at  the  side, 
to  allow  their  contents  to  be  poured  out,  as  B,  and  others  have 
lids  fitted  to  them,  to  prevent  the  sublimation  or  dispersion  or 
volatile  substances,  such  as  arsenic,  &c.  as  C. 

Furnaces  For  fusion,  we  find  it  necessary  to  employ  fur- 
naces, or  the  blow-pipe.  The  various  degrees  of  heat  required 
for  the  performance  of  chemical  operations,  render  a  variety  of 
fireplaces  or  furnaces  necessary  for  a  chemist.  Furnaces  arc 
either  open  at  top,  or  covered  with  what  is  called  a  dome,  and 
have  a  chinmey  or  tube  to  carry  ofl'  the  heated  air,  smoke.  &c. 
They  are  sometimes  supplied  with  air  from  the  natural  action 
of  the  fire,  which  rarefies  the  air  about  the  ignited  fuel;  and 
which  becoming  specifically  lighter,  ascends  into  the  chimney, 
whilst  the  colder  or  heavier  air  is  forced  by  the  atmosphere  to 
enter  at  the  lower  part  of  the  furnace.  Some  furnaces  are 
supplied  with  air  by  means  of  bellows,  and  those  are  applied 
to  the  forging  of  iron,  or  for  reducing  metals  from  their  ores  ; 
this  is  called  smelling.  Hence  furnaces 
derive  their  various  names,  and  are 
called  simple  or  open  furnaces,  reverbe- 
rator;/ furnaces,  the  furnace  for  distilling 
by  a  sanrl  heat,  the  cupelling  or  enamelling 
furnace,  and  tlie  nind  or  air  furnace, 
which  the  engraving  represents  ;  a  being 
the  ash-pit,  c  the  lire  containing  a  cru- 
cible, rf  is  a  moveable  cover,  to  betaken 
oil' or  put  on  at  ])leasure.  There  arc 
also  blast  furnaces,  forges,  smelting  fur- 
naces, &.C. 

For  common  purposes,  portable  fur- 
naces are  used.  Thoy  are  extremely 
useful  for  a  variety  of  purposes  in  the 
small  way;  as  in  distillation,  fusion, 
sublimation,  euptllation,  &e.  &c.  In 
the  engraving  of  one  of  these  furnaces. 
B  is  the  fireplace,  C  the  ash-pit,  and  D 
the  chimney. 

Blow-pipes  are  used  for  diverting  the 
flame  of  a 

^^^ 1    candle    or 

lump  a^Kinst 
any  bit  of 
ore  or  other  substance,  required  to  be 
examined.  They  ought  to  have  a  bulb 
upon  the  middle  of  their  stems  (accord- 
ing to  the  figure)  to  contain  the  moisture 
that  is  formed  from  the  breath.  The 
compound  gas  blow-pipe, which  has  been 
2u 
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a  late  discovery,  is  perhaps  the  most  generally  useful  instru- 
ment a  chemist  can  possess.     See  Blowpipe. 

CupelUuion,  or  the  art  of  assiijinp;  melals  and  ores,  is  per- 
formed in  a  shallow  crucihie  made  of  burnt  bones.  The  impure 
melal  or  ore  is  put  into  the  cupel  (of  which  the  an- 
nexed i^  a  figure)  with  some  oxidizable  metal,  such 
as  lead.  The  cupel  is  now  put  into  a  inulllc,  and  the 
whole  is  submitted  to  the  heat  of  a  furnace.  The 
flame  passes  over  the  cupel,  oxidatinj;:  the  lead,  which  combines 
with  the  hase  part  of  the  metal  to  be  assayed,  and  leaves  the 
pure  metal  (such  as  gold  or  silver)  in  the  shape  of  a  button  at 
the  bottom. 

Digestion.  When  a  solid  substance,  in  powder  or  other- 
wise, is  left  for  a  certain  time  in  a  lluid,  and  the  mixture  is 
kept  exposed  to  a  slow  degree  of  heat,  the  process  is  called 
digestion. 

Saturation.  When  one  substance  which  has  an  affinity  to 
another,  is  mixed  with  as  much  of  that  other  substance  as  its 
affinity  will  enable  it  to  hold  in  combination,  then  the  former 
substance  is  said  to  be  saturated,  or  the  mixture  to  have 
attained  the  point  of  satuiation.  If  the  mixture  contain  a 
greater  proportion  of  either  substance,  it  is  said  to  contain  an 
excess,  or  to  be  surcharged.  The  same  thing  must  be  under- 
stood of  the  compounds  of  more  than  two  substances. 

Combustion,  is  when  a  body  is  in  the  act  of  burning  in  any 
air  or  gas  capable  of  supporting  (lame. 

Deflagration,  is  when  the  combustion  is  attended  w  ith  explo- 
sions or  cracklings. 

Detonation,  is  a  pretty  loud  report. 

Operatiims  in  the  Dry,  and  Humid  Way. — When  strong  degrees 
of  heat  are  used,  chemical  operations  are  said  to  be  performed 
in  the  dry  way.  The  humid  way  is  when  fluids  are  used  in  the 
solution  of  bodies. 

All  the  vaiious  parts  of  this  science  are  found  under  their 
respective  titles  in  the  work,  as  Elements  of  Bodies,  Gases, 
Metals,  &c. 

is  the  name  given  by  the  miners  to  a 
is  massive,  not  disposed  to  pass  into  lliin 
in  thick  beds.  Colour  bluish,  passing 
Fracture  splintery;  edges  translucent; 
Blocks  of  it  are  used  in  the  porcelain 
manufactories  in  the  midland  counties  for  grinding  flint-stones 
for  the  finer  porcelain,  and  the  purity  of  the  rock  augments  the 
product  of  fine  siliceous  earth  by  its  own  attrition  during  the 
process.  There  is  another  sort  called  by  the  miners  Wliite 
Cliert,  which  seems  to  be  a  transition  of  siliceous  slate  into 
quartz.  It  is  not  only  used  for  grinding  flints,  but  also  as 
common  millstone.  A  variety  of  chert  has  been  found  to 
answer  as  well  as  the  best  buhr  stones  of  France  in  flour-mills, 
and  is  manufactured  for  that  purpose.  They  may  be  had  from 
50  lb.  to  several  hundred  weight  each. 

CHESS,  a  game  performed  with  different  pieces  of  wood, 
on  a  board  divided  into  04  squares  or  houses,  in  which  chance 
has  so  small  a  share,  that  it  is  a  matter  of  doubt  whether  a 
person  ever  lost  but  by  his  own  fault.  Each  player  has  eight 
dignified  pieces  ;  namely,  a  king,  a  queen,  two  bishops,  two 
knights,  and  two  rooks,  also  eight  pawns,  all  of  which  are  of 
two  different  colours,  or  white  and  black.  See  Automaton 
Chess  Player. 

CHESNUT  TuEE.  Next  to  the  oak,  the  Spanish  chesnut 
limber  is  most  coveted  by  carpenters  and  joiners.  It  likewise 
makes  the  best  stakes,  pallisadoes,  vine-props,  hop-poles,  &c. 
and  is  also  proper  for  mill-timber  and  waterworks.  It  is  like- 
wise lit  for  chests,  fables,  bedsteads,  columns,  &c.  It  was 
anciently  very  much  used  in  the  building  of  churches  in  this 
island,  and  must  have  been  abundant,  though  now  rare.  The 
horse  cln^siiut-trce  is  a  very  perishable  wood. 

CHILIAD,    an    assembiage    of   several    things    ranged    by 
thousands.     The  term  was  particularly   applied   to  tables  of 
logarithms,  which  were  at  first  divided  into  thousands. 
CniLLEDRON,  a  solid  figure  of  I(K)0  faces. 
CHILIAGON,  in  Geometry,  a  regular  plane  figure  of  1000 
sides  and  angles. 

CHIMES  OF  A  Clock,  a  kind  of  periodical  music  produced 
nt  equal  intervals  of  time,  by  means  of  a  particular  apparatus 
added  to  the  clock 


CHERT,  or  Chirk, 
siliceous  .--late,  which 
layers,  but  occurring 
into  yellowish   gray. 
specific  gravity  2  (>363. 


CHIMNEY.  The  rules  for  building  chimneys  are  :  1.  That 
no  timber  be  laid  within  twelve  inches  of  the  foreside  of  the 
chimney  jambs.  2.  That  all  the  joists  on  the  back  be  laid  with 
a  trimmer.  3.  That  no  timber  be  laid  within  the  funnel  of  any 
chimney. 

CHIVALRY,  in  Antiquity,  an  institution  which,  according  to 
some  writers,  took  its  rise  from  the  crusades  ;  but,  according 
to  others,  it  gave  occasion  to  that  enterprise;  and  which,  though 
founded  in  caprice,  and  productive  of  extravagance,  had  a 
very  considerable  influence  in  refining  the  manners  of  the 
European  nations,  during  the  twelfth,  thirteenth,  fourteenth, 
and  fifteenth  century.  Chivalry  was  employed  in  rescuing 
humble  aud  faithful  vassals  from  the  oppression  of  petty  lords  ; 
their  women  from  savage  lust;  and  the  lioary  heads  of  hermits 
(a  species  of  Eastern  monks,  much  reverenced  in  the  Holy 
Land,)  from  rapine  and  outrage.  In  the  mean  time,  the  courts 
of  the  feudal  sovereigns  became  magnificent  and  polite  ;  and, 
as  the  military  constitution  still  subsisted,  military  merit  was 
to  be  upheld:  but  destitute  of  its  former  objects,  it  naturally 
softened  into  fictitious  images  and  courtly  exercises  of  war,  in 
"  justs"  and  "  tournaments  ;"  where  the  honour  of  the  ladies 
supplied  the  place  of  zeal  for  the  holy  sepulchre  :  and  thus  the 
courtesy  of  elegant  love,  but  of  a  wild  and  fanatic  species,  as 
being  ingrafted  on  spiritual  enthusiasm,  came  to  mix  itself  with 
the  other  characters  of  the  knights-errant,  adding  gentleness  to 
valour. — This  singular  iustitution,in  which  vaIour,gallanlry,and 
religion,  were  so  strangely  blended,  was  wonderfully  adapted 
to  the  taste  and  genius  of  martial  nobles  ;  and  its  efl'ecls  were 
soon  visible  in  their  manners.  War  was  carried  on  with  less 
ferocity,  when  humanity  came  to  be  deemed  the  ornament  of 
knighthood  no  less  than  courage.  More  gentle  and  polished 
manners  were  introduced,  when  courtesy  was  recommended  as 
the  most  amiable  of  knightly  virtues.  Violence  and  oppres- 
sion decreased,  when  it  was  reckoned  meritoiious  to  check 
aud  to  punish  them.  A  scrupulous  adherence  to  truth,  with 
the  most  religious  attention  to  fulfil  every  obligation,  were  its 
characteristics. 

CHLOR.VTES,  combinations  of  the  chloric  acid  with  oxides, 
alkalies,  &c. 

CHLORIC  Acin,  is  a  combination  of  chlorine  and  oxygen, 
in  greater  abundance  than  in  the  oxide  called  enchlorine.  By 
its  combination  with  other  substances,  it  forms  the  salts  called 
chlorates,  formerly  denominated  oxymuriates. 

CHLORIDES,  compounds  of  chlorine  with  various  other 
substances. 

CHLORINE,  formerly  supposed  to  be  a  compound  of 
oxygen  and  the  muriatic  acid,  was  called  by  the  French  oxy- 
ninriatic  acid  gas,  but  Sir  H.  Davy  having  found  it  resisted  the 
most  powerful  means  used  to  decompose  it,  con.sidered  it  a 
simple  substance,  aud  this  is  now  the  received  opinion. 

Mix  in  a  mortar  three  parts  of  common  salt,  and  one  of 
black  oxide  of  manganese.  Introduce  them  into  a  glass  retort, 
and  add  two  parts  of  sulphuric  acid.  Gas  will  issue,  which 
must  be  collected  in  the  water-pneumatic  trough.  This  gas  is 
of  a  greenish  yellow  colour,  easily  recognized  by  daylight, 
but  scarcely  distinguishable  by  artificial  light.  Its  odour  and 
taste  are  disagreeable,  strong,  aud  so  characteristic,  that  it  is 
impossible  to  mistake  it  for  any  other  gas.  Its  specific  gravity 
is  2-4733.  In  its  perfectly  dry  state,  it  has  no  efi'ect  on  dry 
vegetable  colours.  With  the  aid  of  a  little  moisture,  it  bleaches 
them  into  a  yellowish  wliite.  Scheele  first  remarked  this  pro- 
perty;  Berthollet  applied  it  to  the  art  of  bleaching  in  France, 
and  from  him  Mr.  Watt  introduced  it  into  Great  Britain.  If  a 
lighted  wax  taper  be  immersed  rapidly  into  this  gas,  it  con- 
sumes very  fast,  with  a  dull  reddish  fiame,  and  much  smoke. 
The  taper  « ill  not  burn  at  the  surface  of  the  gas.  Its  taste  is 
somewhat  astringent,  but  not  in  the  least  degree  acidulous. 
When  we  put  in  a  perfectly  dark  place,  at  the  ordinary  tempe- 
rature, a  mixture  of  chlorine  and  hydrogen,  it  experiences  no 
kind  of  alteration,  even  in  a  great  many  days.  But  if,  at  the 
same  low  temperature,  we  expose  the  mixture  to  the  diffuse 
light  of  day,  by  degrees  the  tivo  gases  enter  into  chemical  com- 
bination, and  form  muriatic  acid  gas. 

C'hlitriiie  and  llydro/jen,  by  their  union  form  the  mnriatic 
acid,  called  also  the  hydrochloric  acid.  Some  substances, 
when  plunged  into  chlorine  in  an  ignited  state,  are  speedily 
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extinguished,  while  others,  and  those  the  least  combustible  of 
all  substances,  nndcriio  spontaneous  combustion.  Several  of 
<he  metals,  and  gold  itself  when  plunjed  into  it,  burst  into 
ai'tiial  flame,  and  burn  with  fcreat  brilliancy. 

CHLORITES,  a  kind  of  screen  jasper,  almost  as  pellucid  as 
the  coarser  cmera'lds.  It  is  sometimes  amorphous,  and  somfi- 
times  crystallized.  There  are  four  species,  viz.  the  earthy 
chlorite,  common  chlorite,  the  foliated,  and  schistose  chlorite. 

CHOCOLATE,  a  sort  of  cake  made  chielly  from  the  cocoa- 
nut.  When  the  cocoa  is  properly  roasted  and  cleansed,  it  is 
pounded  in  a  morlar,  and  afterwards  ground  on  a  stone.  It 
is  then  put  hot  into  tin  moulds,  in  which  it  soon  congeals.  The 
Spaniards  mix  with  the  cocoa-nnls,  cloves, cinnamon,  and  other 
ingredients;  but  in  England,  the  chocolate  is  made  of  simple 
cocoa,  with  a  little  sugar  and  vanilla. 

CHOLERA  MORBUS,  a  sudden  clTusion  or  overflowing  of 
the  bile  on  the  stomach  or  intestines  ;  and  its  symptoms  arc, 
violent  retching,  and  in  some  cases,  puri!,ing. 

CHOLOSTERIC  Acid,  is  obtained  from  cholosterine  by 
heating  it  with  strong  nitric  acid. 

CHOLOSTERINE,  the  name  given  to  the  pearly  substance 
of  human  biliary  calculi. 

CHORD,  in  Geometry,  is  the  right  line  joining  the  extremi- 
ties of  any  arc  of  a  circle  ;  such  are  the 
lines  A  B,  D  C. —  I.  A  line  drawn  from 
the  centre  to  bisect  a  chord,  is  perpen- 
dicular to  the  chord  ;  or  if  it  be  perpen- 
dicular to  the  chord,  it  bisects  botii  the 
chord  and  the  arc  of  the  chord,  as  O  B, 
OE.  2.  Chords  «hic!i  are  equally  distant 
from  the  centre  of  a  circle,  are  equal  to 
each  other;  or  if  they  arc  equal  to  each 
oilier,  they  are  equally  distant  from  the  centre.  H.  The  chord 
of  an  arc  is  a  mean  proportional  between  the  diameter  and 
versed  sine  of  that  ari'. 
Line  (;/'CiioiiDs.  Sec  Plane  Scale  and  Sector. 
Chord,  or  Cortl,  in  Music,  denotes  the  string  or  line,  from 
the  vibration  of  which  the  sensation  of  sound  is  excited  ;  and 
by  whose  divisions  the  several  degrees  of  time  are  deter- 
mined. 

CHOROGRAPHY,  the  act  of  making  a  map  of  a  particular 
country  or  province. 

CHORUS,  in  Music,  is  when,  at  certain  periods  of  a  song, 
tlie  whole  company  are  to  join  the  singer  in  repeating  certain 
cou\)lcts  or  verses. 

CHROMATICS,  that  part  of  the  science  of  optics  by  which 
the  properties  of  the  colours  of  light,  and  of  natural  bodies,  are 
illustrated  ami  exijlained. 

CHHOMIC  Acii>  has  been  obtained  from  red  oxide  of  lead, 
ore  of  Siberia,  and  from  an  ore  of  iron  from  the  department  of 
Var  in  France.  It  has  the  property  of  colouring  its  salts,  and 
hence  it  has  been  called  chromic.  If  two  parls  of  the  red  lead 
ore  of  Siberia,  in  line  powder,  be  boiled  with  one  of  an  alkali 
saturated  with  carbonic  acid,  in  forty  parts  of  water,  a  carbo- 
nate of  lead  will  be  precipitated,  and  the  chromate  remain 
dissolved.  The  solutions  are  of  a  lemon  colour,  and  allord 
crystals  of  a  somcvhat  deeper  hue.  Those  of  chromate  of 
ammonia  are  in  yellow  laminic,  having  the  metallic  lustre  of 
gold.  The  chromate  of  barytes  is  very  little  soluble,  and  that 
of  lime  still  less.  They  are  both  of  a  pale  yellow,  and  when 
heated  give  out  oxygen  gas,  as  do  the  alkaline  chromates. 

CHROMIUM,  a  very  rare  metal,  found  either  in  the  form  of 
chromate  of  lead,  or  of  chromate  of  iron.  The  emerald  of 
Pern,  and  spinel  ruby,  owe  their  colours  to  this  metal.  Chro- 
mium is  obtained  from  its  native  combinations  by  decomposing 
them  by  the  alkaline  carbonates,  precipitating  the  chromic 
acid,  and  heating  it  strongly  in  a  crucible.  Chromium  is  a 
porous  mass  of  agglutinate  grains,  brittle,  of  a  white  liet«ecn 
tin  and  slecl.  Specilio  gravity  6-!).  It  is  susceptible  of  a  small 
degree  of  magnetism.  It  resists  all  the  acids,  except  the  nitro- 
murialic. 

CHHONOLOGy,  is  that  science  which  treats  of  time,  and 
shews  its  dillercnt  measures  or  computations,  as  they  have 
been  observed  by  dillercnt  nations.  By  chronology  we  are 
enabled  truly  to  date  the  beginning  and  end  of  the  reigns 
cf  princes,  the  births  and  deaths  of  eminent  persons,  the  revo- 


lutions of  empires  and  kingdoms,  battles,  sieges,  or  any  other 
remarkable  events.  Without  this  useful  science,  that  is  to  say, 
without  distinguishing  the  times  of  events  as  clearly  as  the 
nature  ot  the  case  will  admit,  history  would  be  little  better 
than  a  lieap  of  confusion,  destitute  of  light,  order,  or  beaaty 
See  Time,  Ybar,  jI-^ras,  &c. 

CHRONOMETER, in  general, means  an  instrument  used  ia 
measuring  time,  as  dials,  (locks,  watches,  &ce.  The  term, 
however,  is  commonly  used  fur  a  machine  so  contrived  as  to 
measure  a  small  portion  of  time  with  great  exactness,  even  to 
the  sixteenth  part  of  a  second,  and  which  is  of  great  use  in 
astronomical  observations,  ascertaining  the  time  of  the  fall  of 
bodies,  the  velocity  of  running  waters,  &c.  The  lamp  chrono- 
meter consists  of  a  chamber  lamp,  or  acjlindiical  vessel  about 
three  inches  high,  and  one  inch  diameter.  To  the  stand  is  fixed 
a  handle,  which  supports  a  frame,  covered  with  oiled  paper, 
about  12  inches  high,  and  4  wide.  This  frame  is  divided  into 
12  equal  parts  by  liorizontal  lines,  at  the  ends  of  which  are 
marked  the  hours,  and  between  the  lines  are  diagonals  divided 
into  halves,  quarters,  &c.  On  the  handle,  and  next  to  the  glass, 
is  lixed  a  stile,  and  as  the  distance  of  this  stile  from  the  llame 
of  the  lamp  is  only  half  an  inch,  if  the  distance  of  the  frame 
from  the  stile  be  (i  inches,  then  while  the  float  containing  the 
light  descends  by  the  decrease  of  the  oil,  one  inch,  the  shadow 
of  the  stile  on  the  frame  will  ascend  12  inches,  and  thus  shew, 
by  its  progression,  the  increase  of  the  hours  with  the  several 
divisions.  The  oil  must  be  very  pure,  and  the  wick  of  the  same 
size  and  substance. 

CHRYSALIS,  or  Auri^lia,  in  Natural  History,  denotes  the 
state  of  seeming  insensibility,  in  which  butterflies,  moths,  and 
some  other  insects,  pass  through  before  they  arrive  at  their 
winged  or  perfect  state.  The  ligurc  of  the  chrysalis  is  gene- 
rally co.nical ;  and  the  creature,  when  in  this  state,  seems  to 
have  neither  legs,  wings,  nor  motion.  It  is  almost  destitute  of 
life,  for  it  takes  no  nourishment,  nor  has  it  apparently  any 
organs  for  the  purpose.  The  external  covering  of  the  chrysalis 
is  merahraneous,  smooth,  and  glossy,  but  some  of  them  have 
hairs  ;  and  others  are  rough  all  over  like  shagreen.  They  aie 
divided  generally  into  two  classes,  the  ronnd  and  the  angular, 
and  of  these  again  there  are  several  subordinate  distinctions. 
Some  of  them  are  very  beanliful.  The  time  of  the  animal  in 
(he  chrysalis  state  varies  in  dilfcrent  species,  some  being  no 
more  than  eiivht  days,  while  others  aie  as  many  months. 

CHRYSOLITE,  in  Natural  History,  a  gem  to  which  the 
ancients  gave  the  name  of  topaz;  their  true  chrysolite  being 
that  which  modern  jewellers  call  topaz.  The  chrjsolite  is 
found  in  angular  fragments  and  crystallized.  Itisofagreeu 
colour,  and  there  are  two  varieties,  1.  the  common  chrysolite, 
found  in  Ceylon,  South  America,  and  Bohemia  :  its  colour  is  a 
yellowish  green.  2.  Olive  chrysolite,  is  found  commonly  in 
basalt,  and  is  of  an  olive-green  colour. 

CHRYSOPRASE,  a  mineral  found  in  Germany,  and  which 
is  alwajs  Jimurphous.  It  is  of  a  green  colour,  and  splintery. — 
Also,  a  variety  of  chalcedony  used  in  jewellery.  It  consists  of 
i>0  silica  in  the  101). 

CHRYSOPR.VSUS,  in  Christian  Antiquity,  the  tenth  of 
those  precious  stones  which  adorned  the  foundation  of  ihe  hea- 
venly Jerusalem:  the  colour  of  it  was  green,  inclining  to  that 
of  gold,  as  its  name  imports.     See  Revelation,  chap.  x\i.20. 

CHURCHWARDENS,  the  guardians  or  keepers  of  the 
church,  arc  persons  annually  chosen  in  Easter  week,  by  the 
joint  consent  of  the  minister  anil  parishioners — or  according  to 
the  custom  of  the  respective  places — to  look  after  the  church 
and  churchyard,  and  things  thereunto  belonging.  They  are 
intrusted  with  the  caro  and  management  of  the  goods  and 
personal  property  of  the  church,  which  they  are  to  order  for  the 
liest  advantage  of  the  parishioners  ;  but  they  have  no  interest 
in,  or  power  over,  the  freehold  of  the  church  itself,  or  of  any 
land  or  other  real  property  belonging  to  it :  these  are  the  pro- 
perty of  the  parson  or  vicar,  who  alone  is  interested  in  their 
loss  or  preservation.  The  churchwardens,  therefore,  may  pur- 
chase goods  and  other  articles  for  the  use  of  the  parish;  they 
may,  likewise,  with  the  assent  of  the  parishioners,  sell  or  oiher- 
wise  dispose  of  the  goods  of  the  church;  but  without  such  con- 
sent, they  are  not  authorized  to  alienate  any  of  the  property 
under  their  care. 
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All  peers  of  the  realm,  clergymen,  counsellors,  attorneys, 
clerks  in  court,  physicians,  surg;eons,  and  apothecaries,  are 
exempt  from  serving  the  office  of  churchwarden,  as  is  every 
licensed  dissenting  teacher. 

CHURN,  an  implement  for  agitating  cream  or  milk,  so  as 
to  separate  the  hutyroiis  particles  from  the  serous,  and  to 
effect  the  production  of  butter. 

The  inferiority  of  the  churns  in  common  use  has  induced 
several  ingenious  mechanics  to  exert  their  skill  in  contriving 
others  that  would  render  the  process  of  making  butter  less 
tedious  and  expensive.  Of  these,  one  of  the  most  valuable  is 
Bovtler's  improved  churn,  with  which  the  Society  for  the 
Encouragement  of  Arts,  &c.  were  so  well  satisfied  as  to 
present  the  inventor  with  thirty  guineas.  This  churn  renders 
the  operation  of  making  butter  far  less  fatiguing;  and  it  has, 
besides,  some  peculiar  advantages,  which  will  appear  in  our 
description. 

This  churn  is  of  the  barrel  kind,  being  a  cylinder  18  inches 
in  diameter,  and  9  wide  ;  the  sides  are  of  wood,  and  the  rim  a 
tin  plate,  which  has  two  openings,  one  8^  inches  in  length,  and 
4  in  width,  through  which  the  cream  is  poured  into  the  churn, 
and  the  hand  introduced  for  cleaning  it;  the  other  a  short 
pipe,  one  inch  in  diameter,  by  which  the  buttermilk  runs  out  of 
the  churn  when  the  operation  is  finished.  The  first  of  these 
openings  has  a  wooden  cover,  fastened  down  by  two  screws  ; 
and  the  other  a  cork  fitted  to  it,  while  the  butter  is  churning. 
There  is  further,  near  the  larger  opening,  a  small  vent-hole 
with  a  peg,  to  admit  the  passage  of  any  air  that  may  be  dis- 
charged from  the  cream  at  the  beginning  of  the  operation.  An 
axle  also  through  the  churn,  terminating  in  two  gudgeons,  on 
which  it  passes,  hangs  ;  its  lower  part  being  immersed  in  a 
trough,  in  order  to  hold  occasionally  either  hot  or  cold  water, 
according  to  the  season  of  the  year.  On  the  inside  of  the  rim 
are  four  projecting  pieces  of  wood,  with  holes,  serving  to 
agitate  tlie  cream  by  the  motion  of  the  churn.  The  movement 
is  caused  by  a  pendulum  3  feet  Cinches  long,  that  has  an  iron 
bob  weighing  10  lbs.  and  at  its  upper  end  a  turning  pulley 
10  inches  in  diameter,  from  which  a  rope  goes  twice  round 
another  pulley  about  3  inches  in  diameter,  fixed  on  the  axis  of 
the  churn,  which  it  causes  to  make  a  partial  revolution  by  each 
vibration  of  the  pendulum. 


There  are  likewise  sliding  covers  to  the  machinery,  and 
another  to  the  water  trough  ;  in  order,  when  hot  water  is  used, 
to  secure  the  steam,  and  keep  the  cream  in  a  proper  degree  of 
warmth.  The  motion  of  the  pendulum  is  given,  and  continued, 
by  means  of  a  wooden  rod  about  3  feet  i)  inches  in  length,  which 
turns  on  a  pin  3  inches  above  the  hob  of  tlin  pendulum.  If 
there  be  a  transverse  handle  at  the  upper  end  of  this  wooden 
fod,  a  boy  may  give  motion  to  the  churn  with  great  facility, 


even  while  sitting ;  the  action  being  then  much  like  that  of 
rowing,  one  of  the  most  advantageous  methods  of  applying 
human  force. 

In  the  figure,  A  A  is  the  body.  B,  an  opening  by  which 
the  cream  is  put  in.  C,  the  cover  of  the  large  opening:  the 
small  hole  on  the  opposite  side  of  the  churn  cannot  be  shewn 
in  this  view.  D,  the  gudgeon  on  which  the  body  of  the  churn 
hangs.  E,  the  upper  or  larger  pulley.  F,  the  smaller  pulley 
fixed  on  the  axis  or  gudgeon  of  the  churn.  G  G,  the  rod  of  the 
pendulum  hanging  from  the  upper  pulley  E.  H,  the  bob  of 
the  pendulum.  II,  the  handle,  moveable  on  a  pin  at  a,  by 
whicli  the  pendulum  is  moved  to  and  fro,  making  a  traverse  in 
form  of  the  dotted  line  K  K.  L,  the  trough  for  the  hot  or  cold 
water.  M,  a  projecting  piece  of  wood,  with  a  shoulder,  by 
which  the  handle  I  is  supported,  when  the  churn  is  not  at  work. 

CHYLE  and  Chyme.  See  Blood.  When  food  has  been 
received  into  the  stomachs  of  animals,  by  the  action  of  the 
saliva  and  a  juice  in  the  stomach  called  the  gastric  juice,  it  is 
converted  into  a  milky  fluid  called  chyme.  This  fluid  after- 
wards passes  into  the  intestines,  where  it  unites  with  the 
pancreatic  juice  and  bile,  and  is  there  separated  into  chyle,  or 
into  feculent  matter,  which  is  carried  on  and  discharged. 
Chyle  is  taken  up  by  the  lacteal  absorbent  vessels,  and  finds 
its  way  into  the  blood,  which  is  circulated  over  the  whole 
system,  and  supplies  its  constant  waste. 

CICATRIX,  in  Surgery,  a  little  seam  or  elevation  of  calloos 
flesh  rising  on  the  skin  after  the  healing  of  a  wound  or  ulcer. 
It  is  commonlv  called  a  scar. 

CICHORIUM,  Succory,  a  genus  of  the  polygamia  aequali.^ 
order,  in  the  syngenesia  class  of  plants  ;  belonging  to  the  49th 
natural  order,  compositae.  There  are  three  species,  1.  Clcho- 
rium  endivia,  the  common  endive,  which  is  both  an  annual  and 
biennial  plant,  and  esteemed  as  a  salad.  2.  Cichorium  intibus, 
or  wild  succory,  grows  naturally  by  the  side  of  roads,  and  in 
shady  lanes.  It  is  good  in  scorbutic  complaints.  3.  Cicho- 
rium spinosum,  with  a  prickly  stalk,  grows  in  Sicily,  and  the 
islands  of  the  Archipelago. 

CIDER,  a  drink  made  of  the  juice  of  apples.  In  this  pro- 
cess the  Devonshire  method  is  preferred,  which  is,  to  gather 
all  the  apples  that  have  dropped  from  the  trees,  from  time  to 
time,  into  a  heap,  where  they  are  suffered  to  lie  about  ten 
days;  secondly,  such  as  are  to  be  gathered  from  the  trees, 
having  acquired  some  degree  of  maturity,  are  laid  in  a  heap 
by  themselves  for  about  a  fortnight;  and  lastly,  the  hard  fruit 
which  are  to  be  left  on  the  trees  till  frost  is  apprehended,  are 
laid  in  separate  heaps  for  a  month  or  six  weeks.  These  heaps 
are  to  be  made  in  an  open  part  of  the  orchard,  without  any 
regard  to  the  weather.  After  having  lain  the  proper  time,  the 
apples  are  ground  in  a  mill  resembling  that  for  grinding  bark, 
and  the  pumice  received  in  a  large  open  vessel,  capable  of 
containing  as  much  as  is  sufficient  for  one  making,  or  cheese 
as  it  is  termed.  This  pum.ice  should  remain  no  longer  in  the 
vat  than  till  there  is  enough  broken  for  one  pressing.  The 
stooming  or  stumming  of  cider  is  done  by  burning  a  match  in  a 
clean  hogshead,  moist  from  recent  rinsing,  and  racking  the 
cider  on  the  fret  into  it.  If  much  on  the  fret,  when  the  cider  is 
half  racked  into  the  scented  cask,  burn  another  match  in  each 
cask,  rolling  the  same  well  about  for  a  couple  of  hours.  Stum 
is  the  rich  must  of  good  cider,  blended  with  the  vapour  of  the 
burning  match,  which  prevents  its  fermenting;  and  when  dis- 
posed to  fret,  must  be  racked  into  another  cask,  well  matched. 
Stum  is  used  to  mend  declining  cider,  to  make  it  ferment 
afresh,  and  give  to  it  new  life  and  sweetness.  Boiled  cider 
makes  the  best  stum  for  keeping. 

CiDFR  Wine. — The  method  of  preparing  this  liquor  in  Ame- 
rica, where  it  is  much  used,  is  as  follows  :  the  fresh  apple  juice 
is  evaporated  in  a  brewing  copper  till  half  of  it  be  wasted  ;  the 
remainder  is  then  put  into  a  wooden  cooler,  and  afterwards 
into  a  cask,  with  an  addition  of  yeast,  and  so  fermented  in  the 
ordinary  way.  This  process  has  lately  been  adopted  in  some  of 
our  cider  counties  :  but  from  the  impregnation  of  the  copper  in 
the  liquor,  the  public  ought  to  be  guarded  against  the  use  of  it. 

CIMEX,  or  Bug,  a  genus  of  hemipterous  insects,  of  which 
there  are  above  121  species.  The  larvai  of  bug?  only  ditl'er 
from  the  perfect  insect  by  the  want  of  wings  ;  they  run  over 
plants,    and    change   to   chrysalies   without   undergoing   any 
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material  change.  The  cimex  lectolarius,  or  house-hup:,  is 
acceptable  to  spiders,  and  even  sought  after  by  the  wood-bup. 
Various  raetliods  have  been  recommended  for  destrojing  this 
pernicious  insect,  as  oil  of  turpentine,  camphor,  &c.  One  of 
the  best  methods  for  extirpatinii  these  insects  from  bedsteads, 
is  by  thoroughly  washing  all  the  parts  where  they  are  likely  to 
lodge,  with  a  solution  of  corrosive  suMimate.  (iicat  caution 
should  be  had  in  llie  use  of  this  mixture,  as  it  is  one  of  the 
most  deadly  poisons  known. 

CIMOLIA  Alba,  the  earth  of  which  tobacco  pipes  are  made. 
It  is  dense,  compact,  heavy,  of  a  dull  colour,  and  of  a  very 
close  texture.  It  is  found  in  the  Isle  of  Wight,  Dorsetshire, 
Devonshire,  and  Stall'ordshire.  Cimolia  AVyra,  is  of  a  dark 
lead  colour,  hard,  dry,  and  heavy.  It  burns  perfectly  while, 
and  is  found  in  Northamptonshire,  where  it  is  used  for  making 
pipes. 

CINCTURE,  or  Ceincture,  in  Architecture,  a  ring  or  list 
at  the  top  and  bottom  of  the  shaft  of  a  column. 

CINNABAR,  in  Natural  History,  is  either  native  oY  facti- 
tious. The  native  is  an  ore  of  quicksilver  moderately  com- 
pact, very  heavy,  and  of  a  striated  colour.  Factitious  cinnabar, 
is  a  mixture  of  mercury  and  sulphur  sublimated,  and  reduced 
to  a  tine  red  substance.  The  principal  use  of  it  is  in  painting, 
when  it  passes  under  the  name  of  vermilion.  In  medicine,  it 
is  recommended  as  a  sedative  and  antispasmodic;  also  as  a 
mercurial  fumigation  in  venereal  cases. 

CINNAMON,  the  bark  of  two  species  of  laurus.  The  true 
sort  is  from  the  laurus  cinnaniomnm,  and  the  base  kind  from 
the  laurus  cassia.  Cinnamon  is  an  astringent  in  the  prima 
vice,  but  in  the  remoter  scats  of  action  it  is  an  aperient  and  an 
alexipharmic.  It  is  useful  in  diarrhoeas  and  flatulencies.  The 
oil  of  cinnamon  is  made  now  in  England,  and  is  much  better 
than  what  was  formerly  imported  from  Holland.  Cinnamon 
water  is  made  by  distilling  the  bark  first  infused  in  spirit  of 
wine  or  brandy. 

CINQUE  PORTS,  five  havens  that  lie  on  the  east  part  of 
England,  towards  France,  wliich  have  a  particular  policy,  and 
are  governed  by  a  keeper,  with  the  title  of  the  lord  warden  of 
the  Cinque  Ports,  which  olllee  belongs  to  the  constable  of 
Dover;  and  their  representatives  are  called  Barons  of  the 
Cinque  Ports.  These  five  ports  are,  Dover,  Hastings,  Rom- 
ney,  Hythe,  and  Sandwich ;  to  which  Winchclsea  and  Rye 
have  been  since  added. 

CIPHER,  or  Cypher,  one  ot  the  Arabic  characters  used  in 
arithmetic.  It  is  also  a  kind  of  conjunctive  character,  con- 
sisting of  letters  interwoven  :  these  are  generally  the  initials  of 
a  person's  name.  Cipher  also  denotes  certain  secret  charac- 
ters disguised  and  varied,  used  in  writing  letters  for  the  pur- 
pose of  secrecy.  The  properties  necessary  in  this  kind  of 
writing  are,  that  the  cipher  be  easy  to  read  by  the  person  for 
whom  it  is  intended,  and  clear  of  suspicion  by  any  stranger 
into  whose  hnnds  the  same  may  fall. 

CIRCINUS,  the  Compasses,  is  a  small  con.stellation  south- 
east of  Centaurus,  containing  only  four  stars,  and  one  only  of 
these  measures  the  4th  magnituile. 

CIRCLE,  a  plane  figure  continued  by  one  line,  which  is 
caleld  the  circumference,  and  is  such 
that  all  straight  lines,  drawn  from  a 
certain  point  within  the  figure,  to  the 
circumference,  are  equal  to  one  another, 
and  this  point  is  called  the  centre  of  the 
circle.  The  diameter  passes  through 
the  centre,  as  A  B  ;  and  a  radius  is  one- 
half  a  diameter,  as  D  C,  or  D  B.  The 
third  book  of  Euclid's  Geometry  con- 
tains the  theory  of  the  circle,  and  the  4th  book  many  practical 
problems  of  and  belonging  to  the  circle. 

1.  To  find  the  centre  of  a  circle. 
Draw  any  right  line  AB  within  the  cir- 
cle ;  bisect  this  line  in  K,  and  through 
the  point  K  draw  C  D  perpendicular,  or 
at  right  angles,  to  A  B,  and  bisect  C  I)  in 
E  ;  the  point  E  is  the  centre  of  the 
circle. 

2.  To  describe  a  circle  through  three 
given  points,  A,  B,  C.     Join  the  points 

19. 


A  B,  B  C  ;  bisect  A  B,  B  C.  in  the  points 
D  and  E  by  the  perpendiculars  DO. 
EG;  and  the  point  of  interseclibn  O 
will  be  the  centre,  and  O  A,  or  O  B,  or 
O  C,  the  radius  re(iuired. 

.3.  To  divide  a  given  circle  into  any 
number  of  co-centric  pans,  equal  to 
each  other.  Draw  the  radius  .\  B,  and 
on  it  describe  the  semicircle  XeiiH. 
Divide  A  B  into  the  proposed  number  of 
equal  parts  1,2,  &c.  and  erect  the  per- 
pendiculars 1  rf,  2e,  &e.  meeting  the 
semicircle  in  d.  e,  &c.  From  the  centre 
B,  and  radii  B  tl,  B  e,  &c.  describe  cir- 
cles ;  so  shall  the  circle  be  divided  into 
the  proposed  number  of  equal  co-centric 
parts. 

4.  To  divide  a  circle  into  any  number 
of  parts,  equal  both  in  area  and  peri- 
phery, as  in  the  following  figure.  Divide 
the  diameter  A  B  into  the  proposed  num- 
ber of  equal  parts  at  the  points  S,  T,  V, 
&c.  ;  then  on  one  side  of  the  diameter 
describe  the  semicircles  on  the  diame- 
ters AS,  AT,  AV;  and  on  the  other 
side  of  the  diameters  B  V,  B  T,  BS; 
so  shall  the  parts  17,  3  5,  5  3,  7  1, 
be  all  equal,  both  in  area  and  peri- 
phery. 
Quadrature  and  Recti/icatinn  of  the  Circle. — This  is  a  problem, 
which,  of  all  others,  has  most  engaged  the  attention  of  mathema- 
ticians, at  least  amongst  the  ancients  ;  for  being  the  most  regular 
and  best  known  of  any  curvilinear  figure,  it  soon  became  a  ques- 
tion to  determine  its  area ;  and  as  no  reason  could  be  seen 
why  this  should  not  be  found,  the  greater  part  of  the  ancients 
seem  to  have  attempted  the  solution  of  it,  as  have  likewise 
several  of  the  moderns.  In  the  present  day,  however,  though 
the  problem  has  not  been  demonstrated  to  be  absolutely  impos- 
sible, yet  few  trials  are  now  made,  and  the  solution  is  given  up 
as  hopeless.  But  though  neither  the  rectification  nor  quadra- 
ture of  the  circle  has  been  completely  determined,  yet  approxi- 
mations to  them  have  been  found,  and  some  of  these  to  such  a 
degree  of  accuracy,  that  in  a  circle  whose  diameter  is  equal  to 
that  of  the  orl)it  of  .Saturn,  we  should  not,  in  assigning  its  cir- 
cumference, diller  from  the  truth,  in  the  breadth  of  a  single  hair. 
We  '•annot,  in  the  present  article,  enter  into  investigations 
of  the  several  approximating  rules  that  have  been  given  for 
finding  the  circumference  and  area  of  a  circle  ;  and  in  the  pre- 
sent instance,  we  must  content  ourselves  with  merely  stating 
the  several  results,  without  entering  at  all  into  the  methods 
made  use  of  in  determining  them. 

The  simplest  and  most  ancient  approximation  is  as  follows: 
As  7  to  22,  so  is  the  diameter  to  the  circumference.     This  is 
the  ratio  given  by  Archimedes.     Other  approximations,  nearer 
than  the  above,  but  in  larger  numbers,  are  as  follows  :  viz. 
as         106  :  333 


lU(j  :  333  -\ 

113  :  3.05    f 

1702  :  5.347  ( 

1815  :  5702  3 


so  is  diameter  to  the  circumference, 


which  sre  each  more  accurate  than  the  preceding  one. 

Circle  oi Curvature,  in  Geometry,  that  circle,  the  curvature 
of  which  is  ecpial  to  that  of  any  curve  at  a  certain  point.  It  is 
also  called  the  (ircle  of  equi-curvature. 

Circles  of  the  Sphere,  su(-h  as  cut  the  mundane  sphere,  and 
have  their  circumference  in  its  surface.  They  are  either 
moveable  or  fixed.  The  first,  are  those  whose  peripherics  are 
in  the  moveable  surface,  andvthieh  therefore  revolve  with  its 
diurnal  motion  ;  as  the  meridians,  !slc.  The  latter,  having  (heir 
periphery  in  the  immoveable  surface,  do  not  revolve;  as  the 
ecliptic,  e<|uator,  and  its  parallels,  &c.  The  circles  of  the 
sphere  are  cither  great  or  little.  A  great  Circle  ol  the  sphere, 
is  that  which  divides  it  into  two  e<iual  parts  or  hemispheres, 
having  the  same  centre  and  diameter  with  it  ;  as  the  horizon, 
meridian,  &c.  A  little,  or  less  Circle  of  the  sphere,  divides  the 
sphere  into  two  unequal  parts,  having  neilhcr  the  same  centre 
nor  diameter  with  the  sphere;  its  diameter  being  only  some 
2  X 
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chord  of  llie  splierc  less  tliau  its'  axis,  such  as  the  parallels 
of  latitude,  &c. 

Circles  of  Deelinntion,  are  great  circles  intersecting  each 
other  in  the  poles  of  tlie  world. 

Diurnal  CiitCLEs,  are  parallels  to  the  equinoctial,  supposed 
to  be  described  by  the  stars,  and  other  points  of  the  heavens, 
in  their  apparent  diurnal  rotation  about  the  earth.  It  may 
here  be  observed,  that  most  circles  of  the  sphere  are  transferred 
from  the  heavens  to  the  earth;  and  have  thus  a  place  in  geo- 
graphy, as  well  as  in  astronomy  ;  all  the  points  of  each  circle 
being  conceived  as  let  fall  jierpendicnlarly  on  the  surface  of 
the  terrestrial  glolie,  and  hence  tracing  out  circles  perfectly 
similar  to  them.  Thus  the  terrestrial  equator  is  a  circle  con- 
ceived precisely  under  the  equinoctial  line,  which  is  in  the 
heavens  :  and  so  of  the  rest. 

Circles  of  iijcuision,  are  circles  parallel  to  the  ecliptic,  and 
at  such  a  distance  from  it,  as  that  the  excursions  of  the  planets 
towards  the  poles  of  the  ecliptic  may  be  included  within  them  ; 
usually  fixed  at  ten  degrees. 

Circles,  Horary,  in  Dialing,  are  the  lines  which  shew  the 
hours  on  dials  ;  though  these  be  not  drawn  circular,  but  nearly 
straight.  Circle,  liorary,  on  the  Globe,  a  brazen  circle  lixed 
to  the  north  pole,  and  furnished  with  an  index,  shewing  the 
diflerence  of  meridians,  and  serving  for  the  solution  of  many 
problems.  On  globes  of  late  structure,  this  circle  is  often 
placed  on  the  equator,  and  the  index  is  made  to  slide  on  a 
brass  wire  running  parallel  to  the  equator,  and  above  it. 

Circle  of  Illununation,  a  circle  passing  through  the  centre  of 
the  earth  or  moon,  perpendicular  to  a  line  drawn  from  the  sun 
to  the  respective  body.  This  is  supposed  to  separate  the  illu- 
minated part  of  the  globe  from  the  darkened  part;  which  it 
does  very  nearly. 

Circles  o{  Latitude,  or  Secondaries  of  the  Ecliptic,  are  great 
circles  perpendicular  to  the  plane  of  the  ecliptic,  passing 
througli  the  poles  thereof,  and  through  every  star  and  planet. 
They  are  so  called,  because  they  serve  to  measure  the  latitude 
of  the  stars,  which  is  nothing  but  an  arch  of  one  of  these  circles 
intercepted  between  the  star  and  the  ecliptic. 

Circles  of  Loni/itadc,  are  several  less  circles,  parallel  to  the 
ecliptic  ;  still  diminishing,  in  proportion  as  they  recede  from  it. 
On  the  arches  of  these  circles  the  longitude  of  the  stars  is 
reckoned. 

Circle  of  perpetual  Apparition,  one  of  the  less  circles, 
parallel  to  the  equator;  described  by  any  point  of  the  sphere 
touching  the  northern  point  of  the  horizon  ;  and  carried  about 
with  the  diurnal  motion.  All  the  stars  included  within  this 
circle  never  set,  but  are  ever  visible  above  the  horizon. 

Circle  of  perpetual  Occultation,  is  another  circle  at  alike 
distance  from  the  equator  ;  and  contains  all  those  stars  which 
never  appear  in  our  hemisphere.  The  stars  situated  between 
these  circles  alternately  rise  and  set  at  certain  times.  ' 

Polar  Circles,  are  immoveable  circles,  parallel  to  the  equa- 
tor, and  at  a  distance  from  the  poles  equal  to  the  greatest 
declination  of  the  ecliptic. 

Circles,  Druidical,  a  name  given  to  certain  ancient  enclo- 
sures, formed  by  rude  stones  circularly  arranged.  These,  it  is 
supposed,  were  temples,  or  places  for  solemn  assemblies,  for 
councils,  or  seats  of  judgment. 

CIRCUIT,  in  Law,  a  longer  course  of  proceedings  than  is 
needful  to  recover  the  thing  sought  for.  Circuit  also  signifies 
the  journey  or  progress,  which  the  judges  take  twice  every 
year,  through  the  several  counties  of  England  and  Wales,  to 
hold  courts  and  administer  justice,  where  recourse  cannot  be 
had  to  the  King's  courts  at  Westminster ;  hence  England  is 
divided  into  six  circuits,  vir.  the  Home  circuit,  Norfolk  circuit, 
Midland  circuit,  Oxford  circuit.  Western  circuit,  and  Nortliern 
circuit.  In  Wales,  there  are  but  two  circuits.  North  and 
South  Wales.  Two  judges  are  assisned  by  the  king's  commis- 
sion to  every  circuit.  In  Scotland  there  are  three  circuits, 
viz.  the  Southern,  Western,  and  Northern,  which  are  likewise 
made  twice  every  year,  vi:.  in  spring  and  autumn. 

CIRCULAR,  any  thing  relating  to  the  circle  ;  as  Circular 
Arcs,  Instruments,  Lines,  Parts,  liiny,  S;c. 

CiiieiiLAR  liiny,  is  the  measure  or  space  included  between 
two  concentric  circles,  and  the  area  of  it  is  conseiiucnilv  equal 
to  the  dill'ercnce  of  the  areas  of  the  two  circles.     Or  the  area 


may  be  found  thus :  Multiply  the  sum  of  the  two  diameters  by 
the  diflerence  of  them,  and  that  product  again  by  '7854,  which 
will  give  the  area  required. 

CiRci'LAR  Sailiuy,  the  method  of  moving  a  ship  upon  a  great 
circle  of  the  globe. 

CiRCi'LAR  Naiiibers,  a  name  sometimes  applied  to  numbers 
whose  powers  terminate  in  the  same  digits  as  their  roots;  an 
old  and  useless  distinction. 

Circular  Parts  (Napier's),  are  five  parts  of  a  right-angled, 
or  a  quadrantal  spherical  triangle  ;  they  are  the  legs,  the  com- 
plement of  the  hypothenuse,  and  the  complements  of  the  two 
oblique  angles. 

Circular  Instruments,  or  Rc/tectiny  or  fliultiph/iny  Circles, 
are  instruments  which  possess  all  the  advantages  of  accuracy 
attending  large  instruments,  in  diminishing  the  errors  of  divi- 
sion and  eccentricity  at  pleasure,  by  means  of  reflection,  though 
the  instruments  themselves  are  small  and  portable.  Circular 
instruments  maybe  considered  as  improvements  of  Hadley's 
octant,  and  the  marine  sextant,  which  are  for  the  same  purpose  ; 
Hi'-,  for  observing  the  altitudes,  distances,  &c.  of  the  heavenly 
bodies,  extremely  useful  for  navigators  in  finding  the  moon's 
distance,  and  other  nautical  purposes. 

CIRCULATING  Decimals,  at  Hecurriny  Decimals,  are  those 
that  consist  of  a  repetition  of  a  small  number  of  digits,  as 
•C4G46-1,  Sec.  ■41-27127127,  Sec.  ;  in  fat  t,  every  decimal  that  is  not 
finite,  is  a  circulating  decimal,  or  is  such,  that  if  continued  f.ar 
enough  the  same  figures  will  again  recur;  but  it  is  only  those, 
of  which  the  periods  of  circulation  consist  of  a  few  figures,  that 
receive  generally  the  definilion  of  circulating  decimals. 

When  the  circulation  consists  of  the  same  digit  repeated,  it 
is  called   a  Simple  Circulate,  and  is  distinguished  by  a  point 

placed  over  it:  thus  -111,  kc.  =  -1  ;  -3.33  =  -3,  Sec.  When 
the  period  of  eirculution  consists  of  more  than  one  digit,  it 
is    called    a    Compound   Circulate,   and    is   distinguished   thus, 

•234234234,  &c.  =.  -234.  A  Ulixed  Circulate  is  that  which  has 
other  figures  in  it  that  are  not  repeated,  as  -7848484,  &c. ;  and 

these  are  represented  thus,  -784. 

All  operations,  as  multiplication,  division.  Sec.  of  these  num- 
bers, may  be  performed  by  the  same  rules  as  common  decimals  ; 
and  in  fact,  there  are  very  few  cases  in  which  those  rules  are 
not  to  be  preferred,  though  some  authors,  as  Brown,  Cunn, 
Malcolm,  Emerson,  Donn,  and  particularly  Henry  Clarke,  have 
treated  at  considerable  length  the  theory  of  circulating  deci- 
mals ;  as  also  Dr.  Wallis,  who  seems  to  have  been  the  first 
author  that  distinguished  them  under  a  separate  head. 

Reduction  of  Circvlaliny  Decimals.  — Case  1.  To  reduce  a 
Simple  or  Compound  Circulate  to  its  equivalent  Fraction. — 
Rule.  Take  the  figures  in  the  given  decimal,  considered  as  a 
whole  number,  for  the  numerator;  and  as  many  O's  as  there 
arc  places  in  the  circulate  for  the  denominator;  observing 
only,  that  when  there  are  any  integral  figures  in  the  circulate, 
as  many  ciphers  must  be  annexed  to  the  numerator,  as  the 
highest  place  iu  the  repetend  is  distant  from  the  decimal  point 
thus, 


Examples 1.  The  circulate 

2 

3 


•ti  =  !;  =  3 
■3(J  =  i  =  f, 
•09  =     ,^    =    i. 


4 2Wi3  =2,^5  =2^ 

Case  2,  To  reduce  a  Mixed  Circulate  to  its  equivalent  Frac- 
tion.— Rule.  Subtract  the  finite  part  of  the  expression,  consi- 
dered as  a  whole  uuml)er,  from  the  whole  mixed  repetend, 
taken  in  the  same  manner  for  the  numerator:  and  to  as  many 
9's  as  there  are  repeating  places  in  the  circulate,  annex  as 
many  ciphers  as  there  are  finite  decimal  places  for  a  denomi- 
nator ;  thus, 

138—  13 


900 
418— 24_ 
990      - 


Ji 


A 


E.ramples.—i.  The  circulate  138  zz 

2.  Again....  2-418  =  2- 
And  so  on  in  other  examples.   Having  thus  shewn  how  to  reduce 


■2^  =  'i^ 
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»ny  circulate,  simple,  compoun<),  or  mixed,  to  its  equivalent 
fraction  ;  all  the  rules  of  addition,  subtraction,  multiplication, 
division,  &c.  of  circulaliiiB;  decimals,  may  be  performed  liy  the 
rules  that  are  given  for  the  same  operations  in  fractions  ;  » Iiich 
see  under  their  respective  heads. 

CIRCULATION  of  the  Blood,  the  natural  motion  of  the 
blood  in  a  living  animal,  whereby  that  fluid  is  alternately 
carried  from  tiie  heart  to  all  parts  of  the  body  by  the  arteries, 
and  returned  from  the  same  parts  to  the  heart  by  the  veins. 

CIRCULUS,  a  chemical  instrument,  consisting  of  an  iron 
ring,  which  beint:;  heated  red-hot,  is  applied  to  tbe  necks  of 
glass  vessels  to  make  the  necks  come  eveidy  off. 

CIRCUMFERENCE,  Circiimpehkntia,  in  a  Rcneral  sense, 
denotes  the  line  or  lines  bounding  any  figure;  but  it  is  com- 
monly used.  In  a  more  limited  sense,  to  denote  the  periphery 
of  a  circle,  which  is  every  where  equally  distant  from  a  certain 
point  within,  called  the  centre.     See  Circle. 

CIRCUMFERENTOR,  an  instrument  used  by  surveyors  in 
taking  angles;  it  consists  of  a  brass  circle  and  index,  in  one 
piece,  commonly  about  seven  inches  in  diameter,  an  index 
about  fourteen  inches  long,  and  one  and  a  half  inches  broad. 
On  tlie  circle  is  a  card  or  compass,  divided  into  .'jtid  degrees; 
the  meridian  line  of  which  answers  to  the  middle  of  the  breadth 
of  the  index.  There  is  also  soldered  on  the  circumference  a 
brass  ring,  on  which  screws  another  ring  with  a  Hat  glass  in  it, 
so  as  to  form  a  kind  of  box  for  the  needle,  suspende<l  on  the 
needle  in  the  centre  of  the  circle.  There  are  also  two  sights  to 
screw  on,  and  slide  up  and  down  the  index,  as  also  a  ball  and 
socket  screwed  on  the  under  side  of  the  circle,  to  receive  the 
leg  of  the  three-legged  stalT. 

The  above  dr<cription  answers  to  the  most  simple  form  of 
tbe  eircumferentor  ;  but  an  improved  instrument  of  this  kind  is 
sold  by  Jones,  of  Holborn,  which  in  some  measure  answers  the 
purpose  of  a  theodolite. 

CIRCUMGYRATION,  tbe  whirling  motion  of  a  body  about 
a  centre. 

CIRCUM-PoLAU  Stars,  are  tliose  situated  near  tbe  north 
pole  of  the  heavens,  or  those  which  revolve  about  it  without 
setting. 

CIRCUMSCRIBED  Figure,  is  that  which  is  circumscribed 
or  drawn  about  anolher  figure,  so  as  to  touch  it  on  every  side. 

A  right-lined  figure  is  said  to  be  circnmscribcd  about  another, 
f/hcn  all  the  angles  of  tbe  latter  fall  in  the  sides  of  the  former. 
A  right-lined  figure  circumscribes  a  curvilinear  one,  when  the 
periphery  of  the  latter  touches  all  the  sides  of  the  former.  A 
circle,  or  other  curvilinear  figure,  circumscribes  a  right-lined 
one,  when  all  the  angles  of  the  latter  are  in  the  periphery  of  the 
former. 

Circumscribed  Hyperhola.  one  of  Newton's  byperbolas,  of 
the  second  order,  which  cuts  its  asymptotes,  and  contains  the 
part  cut  off  within  itself 

CIRCUMVALLATION,  in  military  affairs,  is  a  forfificalion 
of  earth,  consisting  of  a  parapet  and  trench  made  round  atown 
intended  to  be  besieged,  when  opposed  to  any  army  that  may 
come  to  its  relief. 

CIRRI,  in  botanical  language,  denotes  the  fine  strings  or 
filaments  by  which  creeping  plants  adhere  to  walls  and  trees. 
In  ichthyology,  the  term  is  applied  to  appendages  hanging 
from  the  months  of  fishes,  and  called  by  some,  beards. 

CISSOID  of  DiocLi'.s,  in  the  higher  Geometry,  is  a  curve 
line  of  the  second  order,  invented  by  Diodes,  an  ancient  Greek 
geometrician,      for 

the  purpose  of  find-  * 

ing  two  continued 
mean  proportionals 
between  two  other 
given  lines.  T  he 
generation  of  this 
curve  is  as  follows: 
At  the  extremity  B 
of  the  diameter  A  B  of  the  circle  AGE,  draw  perpendicular  to 
it  the  indefinite  line  C  B  D,  to  which  from  the  other  extremity 
A  draw  several  lines  cutting  the  circle  in  I,  <),  N,  &c.  and  upon 
these  lines  set  off  the  corresponding  equal  distances,  viz. 
H  M  =  A  1,  FO  =  A  O,  C  L  =:  A  N,  fxc ;  then  the  curve  line 
drawu  through  all  the  points  M,  O,  L,  &c.  is  the  cissoid.  Other 


methods  of  constructing  this  curve  maybe  seen  in  Newton's 
"  Uiiiveisal  Arithmetic,"  and  Emerson  on  "Curve  Lines." 

CISTERN,  on  board  of  ships,  is  a  large  wooden  trough, 
placed  in  the  well  just  below  the  orlop,  and  iiaving  a  leaden 
pipe,  which  goes  through  the  ship's  side,  whereby  it  is  occa- 
sionally filled  with  sea  water,  which  is  thence  pumped  up  to  wash 
the  decks,  &c. 

CISTUS,  the  Rock  Rose,  a  genus  of  the  roonogynia  order,  in 
the  polyandria  class  of  plants,  ranking  in  the  natural  method 
under  the  20th  order,  rotacea?.  There  are  (id  species,  mostly 
natives  of  tbe  southern  parts  of  Europe.  They  arc  very  beau- 
tiful evergreen  shrubs,  and  very  ornamental  in  gardens.  The 
flowers  are  white,  purple,  and  yellow  ;  they  are  propagated  by 
seeds  or  cuttings.  Gum  labdauum  is  obtained  from  the  species 
in  the  Levant. 

CITADEL,  a  place  fortified  with  four,  five,  or  six  bastions, 
on  a  convenient  hill,  near  a  city  which  it  commands. 

CITATION,  in  ecclesiastical  courts,  is  the  same  with  a 
summons  in  the  civil. 

CITRUS,  the  citron,  orange,  and  lemon  tree,  a  genus  of  the 
polyadelphia  class,  and  icosandria  order  of  plants.  Cal)  x 
(juinquefid  ;  petals  oblong,  and  five  ;  anther*  twenty,  filaments 
unite  into  various  bodies  ;  fruit  nine-celled.  There  are  five 
species,  and  many  varieties.  1.  Citrus  aurantium,  tbe  orange, 
of  which  the  varieties  are,  the  .Seville  orange,  a  iiandsomc  tree, 
and  the  hardiest  of  any.  The  fruit  is  large,  rougri-nn','ed,  and 
sour.  2.  The  China  orange,  which  has  a  smooth,  thin  rind,  and 
sweet  fruit.  3.  The  forbidden  fruit-tree,  very  much  resembles 
the  common  orange-tree,  but  the  fruit  is  large  ;  the  flavour  is 
delicious.  4.  The  horned  orange,  is  a  tree  of  moderate  size, 
producing  fruit  which  di\ide,  and  the  rin<l  has  divisions  like 
horns.  5.  The  hermaphrodite  orange  produces  fruit  formed 
partly  like  that  of  the  orange,  and  partly  like  a  citron.  G.  The 
dwarf  orange  tree,  or  nutmeg  orange,  grows  to  the  heig'.t  of 
two  or  three  feet,  and  the  fiuit  is  very  small.  II.  Citr 
medica,  the  citron  tree,  of  which  there  are  six  varieties.  The 
lemon  tree  is  accounted  a  variety  of  the  citron,  and  of  this  there 
are  not  less  than  eleven  sorts.  Besides  these  varieties  oi  the 
citrus  there  are  several  others,  as,  1.  The  citrus  tril'ollata,  a 
thorny  shrub,  wliirh  grows  in  Japan.  2.  Citrus  decuinana,  or 
shaddock,  which  is  a  native  of  the  East  and  West  Indies. 
3.  Citrus  Japonica,  the  fruit  of  which  is  about  the  size  of  a 
cherry,  and  very  pleasant  to  the  taste. 

CiV'ET,  is  collected  betwixt  the  anus  and  the  organs  of  gene- 
ration of  a  fierce  carnivorous  quadruped,  met  with  in  China, 
and  the  East  and  West  Indies,  called  a  ci\el  cat;  but  bearing 
a  greater  resemblance  to  a  fox  or  marten  than  a  cat :  it  is  a 
species  of  Viverra.  Several  of  these  animals  have  been 
brought  into  Holland,  and  allord  a  considerable  branch  of 
commerce,  particularly  at  .Amsterdam.  The  civet  is  squeezed 
out  in  summer  every  other  day  :  in  winter  twice  a  week:  the 
quantity  procured  at  once,  is  from  two  scruples  to  a  drachm, 
or  more.  The  juice  thus  coller^ted  is  much  purer  and  finer 
than  that  which  the  animal  sheds  against  shrubs  or  stones  in 
its  native  climates.  Good  civet  is  of  a  clear  yellowish  or 
brownish  colour,  not  fluid,  nor  hard,  but  about  the  consistence 
of  butter  or  honey,  and  uniform  throughout;  of  a  very  strong 
smell;  quite  oH'ensive,  when  iiiidilulcd  ;  but  agreeable,  when 
only  a  small  portion  is  mixed  with  other  substances. 

CIVIL  Day,  like  the  astroironiiral  or  natrrral,  consists  of 
twenty-four  hours,  but  begins  dill'crcntly  in  dill'erent  natrons. 
The  ancient  Bab\lonians,  Persians,  Syrians,  and  most  of  the 
eastern  nations,  began  their  day  at  sun-rising.  The  ancient 
Athenians,  the  Jews,  See.  began  their  day  at  srrii-selting,  which 
custom  is  followed  by  the  modern  Austrians,  liohoniians.  Sile- 
sians,  Italians,  Chinese,  &c.  The  Arabians  begin  their  day  at 
noon,  like  the  modern  astronomers.  The  ancient  Egyptians, 
Romans,  See.  began  their  day  at  midnight,  and  this  method  is 
followed  by  the  English,  French,  Gerrnarrs,  Dutch,  Spanish,  and 
Portuguese. 

CIVILIAN,  a  term  applied  to  the  doctors  and  professors  of 
the  civil  law.  In  London  ihey  have  a  college,  called  Doctors' 
Commons. 

CIVIL  LAW,  is  properly  the  peculiar  law  of  a  state,  coun- 
try, or  city,  but  is  |now  applied  exclusively  to  a  br)dy  ol 
laws  compiled  out  of  tile  best  Roman  and   Grecian  systems  of 
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jurisprudence,  agreeable  fo  what  is  denominated  the  law  of 
nature  snd  nalions,  and  which  were  generally  observed 
throusjhout  tlie  Roman  dominions  above  1200  years.  In  onr 
country,  the  civil  law  is  used  in  the  ecclesiastical  courts  and 
the  admiralty,  but  is  subservient  to  the  common  law. 

CIVIL  Year.     &<;  Year. 

CLAMP.S,  in  Naval  Architecture,  thick  planks  on  the  inner 
part  of  a  ship's  side,  used  to  sustain  the  ends  of  the  beams,  and 
extending  from  stem  to  stern,  including  the  whole  interior 
range  of  the  side.  They  are  placed  close  under  each  deck,  so 
as  to  be  securely  fayed  to  all  the  timbers,  to  which  they  are 
fastened  by  nails  throuffh  the  clamp,  and  penetrating  two-thirds 
of  the  thickness  of  the  timbers. 

The  clamps  of  the  lower  and  second  decks  ought  to  be 
equal  in  thickness  to  half  the  corresponding  timbers  in  that 
part,  and  as  broad  as  can  be  procured.  In  their  disposition  it 
is  essentially  necessary  to  avoid  their  being  wounded  by  the 
ports,  as  the  strength  and  firmness  of  a  ship  greatly  depend  on 
the  substance  and  solidity  of  those  pieces  which  lie  horizontally 
in  her  frame. 

Clamps  are  also  smooth  crooked  plates  of  iron  fore-loeked 
vipon  the  trunnions  of  the  cannon,  to  keep  them  fast  upon  their 
carriages :  these,  however,  arc  more  properly  termed  eap- 
squares.  Clamps  of  the  latter  kind  are  likewise  frequently 
used  to  fasten  the  masts  or  bowsprits  of  small  vessels,  and  of 
boats. 

CLAN,  a  term  used  in  Scotland  to  denote  a  number  of  fami- 
lies of  the  same  name,  under  a  feudal  chief,  who  protected 
them,  and  in  return  for  that  protection  commanded  (lieir 
services  as  his  followers,  and  led  them  to  war,  and  on  military 
excursions. 

CLARENCIEIIX,  the  second  king  at  arms,  so  called  from 
Lionel  l)uke  of  Clarence,  to  whom  the  title  originally  apper- 
tained. His  ofiice  is  to  marshal  the  order  of  procession  in  the 
funerals  of  the  inferior  nobility,  &e. 

CLARIFICATION,  in  Chemistry,  the  clearing  and  fining 
any  fluid  from  heterogeneous  matter. 

CL.4.RO  OBSCURO,  in  Painting,  the  art  of  distributing 
advantageously  the  light  and  shadow  of  a  piece  with  regard  to 
the  ease  of  the  eye,  and  the  effect  of  the  whole.  It  also  denotes 
a  design  consisting  of  only  two  colours,  usually  black  and 
white,  or  black  and  yellow. 

CLASS,  a  term  given  to  the  general  divisions  of  a  subject: 
thus  in  the  Liunsean  system,  animals  and  plants  are  divided 
into  classes. 

CLAY,  a  kind  of  earth,  which  was  formerly  denominated 
argillaceous,  but  is  now  found  to  be  a  mixture  of  alumina  and 
silica  in  various  proportions.  Clay  also  contains  carbonate  of 
lime,  of  magnesia,  barytes,  oxide  of  iron,  &e.  It  adheres 
slightly  to  the  tongue;  feels  greasy;  and  falls  (o  powder  in 
water.  When  pure,  it  is  white  with  a  tinge  of  blue  or  yellow. 
Potters'  clay  stains  the  fingers,  and  acquires  a  polish  by  rub- 
bing. When  properly  moistened,  it  is  very  ductile.  Tobacco 
pipe  elay  is  a  variety  of  this  species.  The  structure  of  schis- 
tose clay  is  slaty,  and  of  a  gray  colour.  It  is  usually  found 
in  coal  mines. 

CLAY  .SLATE,  is  a  mineral  extensively  distributed,  forming 
part  of  primitive  and  transitive  mountains.  Its  constituents 
are  486  silica,  235  alumina,  I'G  magnesia,  Il-S  peroxide  of 
iron,  0'5  oxide  of  manganese,  47  potash,  6'3  carbon,  01  sul- 
phur, and  7-6  water  and  volatile  matter. 

CLEATS,  pieces  of  wood  of  difi'erent  .shapes,  used  occa- 
sionally in  a  ship,  to  fasten  ropes  upon  :  some  have  one,  and 
some  two  arms;  others  are  without  arms,  being  hollowed  in  the 
middle  to  tie  any  thing  to,  and  are  called  belaying  cleats,  a 
deck  cleat,  and  a  thumb  cleat. 

CLEF,  or  Cliff,  in  Music,  a  mark  set  at  the  beginning  of  a 
song,  denoting  the  key  in  which  the  same  is  to  be  performed, 
or  it  is  a  letter  marked  on  a  line,  to  e.xplain  the  rest. 

CLEOSTRATUS,  a  celebrated  astronomer,  born  inTencdos, 
was,  according  to  Pliny,  the  first  who  proposed  the  signs  of  the 
zodiac  ;  others  say,  that  he  only  invented  the  signs  Aries  and 
Sagittarius.  He  also  corrected  the  errors  of  the  Grecian  year, 
about  the  3061h  before  Christ. 

CLEPSYDRA,  an  instrument  or  machine  serving  to  measure 
time  by  the  fall  of  a  certain  quantity  of  water,  though  there 


have  likewise  been  clepsydra;  made  with  mercury.  The  Egyp- 
tians, by  this  machine,  measured  the  course  of  the  sun.  Tycho 
Rrahe,  in  later  days,  made  use  of  it  to  measure  the  motion  of 
the  stars,  &c.  ;  and  Dudley  used  the  same  conttivancc  in 
making  all  his  maritime  observations.  The  use  of  clepsydrie 
is  very  ancient;  they  were  invented  in  Egypt,  under  the  Ptole- 
mies ;  as  were  also  sun-dials.  Their  use  was  chiedy  in  the 
winter,  as  the  sundiids  served  in  the  summer:  but  they  had 
two  great  defects  ;  the  one,  that  the  water  ran  out  with  a 
greater  or  less  facility,  as  the  air  was  more  or  less  dense  ;  the 
other,  that  the  water  ran  more  readily  at  the  beginning  than 
towards  the  conclusion. 

Tlie  Construction  of  a  common  Clepsi/dra. — To  divide  any 
cylindrical  vessel  into  parts,  to  be  emptied  in  each  division  of 
time  ;  the  time  wherein  Ihe  whole,  and  that  wherein  any  part  is 
to  be  evacuated,  being  given  :  Suppose  a  cylindrical  vessel, 
whose  charge  of  water  Hows  out  in  twelve  hours,  were  required 
to  be  divided  into  two  parts,  to  be  evacuated  each  hour.  1.  As 
the  part  of  time  1  is  to  (he  whole  time  12,  so  is  the  same  time 
12  to  a  fourth  proportional  144.  2.  Divide  the  altitude  of  the 
vessel  into  144  equal  parts :  here  the  last  will  fall  to  the  last 
hour  ;  the  three  next  above  to  the  last  part  but  one  ;  the  five 
next  to  the  tenth  hour  ;  lastly,  the  twenty-three  last  to  the  first 
hour.  For  since  the  times  increase  in  the  series  of  the  natural 
numbers  1,  2,  3,  4,  .'>,  Sec.  and  the  altitudes,  if  the  numeration  be 
in  a  retrograde  order  from  the  twelflh  hour,  increase  in  the 
series  of  the  unequal  numbers  1,  3,  5,  7,  t),  &e.  the  altitudes 
computed  from  tlie  twelfth  hour  will  be  as  the  squares  of  the 
times  1,  4,  9,  16,  25,  &e.  Therefore  the  squares  of  the  whole 
time,  144,  comprehend  all  the  parts  of  the  altitude  of  the  vessel 
to  be  evacuated.  But  a  third  proportional  to  I  and  12  is  the 
square  of  12,  and  consequently  it  is  the  number  of  equal  parts 
in  which  the  allitude  is  to  be  divided,  to  be  distributed  accord- 
ing to  the  scries  of  the  unequal  numbers,  through  the  equal 
interval  of  hours.  There  were  many  kinds  of  ciepsjdrie  among 
the  ancients  ;  but  they  had  all  this  in  common,  that  the  water 
ran  generally  through  a  narrow  passage,  from  one  vessel  to 
another,  and  in  the  lower  was  a  piece  of  cork  or  light  wood, 
which,  as  the  vessel  filled,  rose  up  by  degrees,  and  shewed  the 
hour. 

Clepsydrae  have  been  much  improved  of  late  years  iu 
their  construction;  but  as  their  use  is  now  superseded  by  the 
accuracy  of  our  modern  timepieces,  we  shall  not  dwell  longer 
upon  them  here. 

CLERK,  a  word  originally  applied  to  a  clergyman,  from  the 
Greek  icXijnof,  chosen,  whence  it  was  afterwards  used  to  denote 
a  man  of  learning.  In  our  law,  it  is  still  the  designation  of 
every  person  in  holy  orders  under  the  episcopal  dignity.  The 
word  clerk  is  now  variously  applied  to  persons  iu  numerous 
ofiiecs  iu  the  law  and  the  government,  as  well  as  to  those 
employed  in  keeping  merchants'  books. 

CLICKS  are  small  pieces  of  iron  falling  into  a  notched 
wheel  attached  to  the  winehers  in  cutters,  &c.  and  thereby 
serving  the  ofiice  of  pauls. 

CLIMATE,  or  Clime,  in  the  ancient  Geography,  a  part  of 
the  surface  of  the  earth,  or  zone,  bounded  by  two  lesser 
circles  parallel  to  the  equator  ;  and  of  such  a  breadth,  as  that 
the  longest  day  in  the  parallel  nearer  the  pole  exceeds  the 
longest  day  in  that  next  the  equator,  by  some  certain  space,  as 
half  an  hour  or  an  hour..  Vulgarly,  the  term  climate  is  bestowed 
on  any  country  or  region  dillcring  from  another,  either  in 
respect  of  the  seasons,  the  quality  of  the  soil,  or  even  the  man- 
ners of  the  inhabitants,  without  any  regard  to  the  length  of  tlie 
longest  day. 

CLINCH,  a  particular  method  of  fastening  large  ropes  by  a 
kind  of  knot  and  seizings,  instead  of  spli<-ing;  and  is  chiefly 
used  to  fasten  the  cable  to  the  ring  of  the  anchor,  and  the 
brceehings  of  guns  to  the  riug-bolts  in  the  ship's  side. 

CLINCHER-WORK,  thedisposition  of  the  planks  in  the 
side  of  any  boat  or  vessel,  when  the  lower  edge  of  every  plank 
overlays  that  next  below  it.  like  slates  on  the  roof  of  a  house. 

Clinchfu-blilt,  made  of  clincher-work. 

CLINCHING,  in  sea  language,  is  the  diiving  a  little  oakum 
into  the  seams  to  keep  out  the  water. 

CMVICAL,  in  Medicine,  i:>  applied  to  the  practice  of 
visiting  and  treating  patients. 
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CLOCK,  a  machine  now  constructed  in  such  a  manner,  and 
so  refjnlated  hy  the  uniform  motion  of  a  pendulum,  as  to  mea- 
sure time,  and  all  its  sulidivisions,  with  Rreat  exactness.  Before 
the  invention  of  the  pendulum,  a  balance,  not  unlike  the  (ly  of 
a  kitchen  jack,  was  used  instead  of  it.  Clocks  «  ere  at  first 
called  nocturnal  dials,  to  distinituish  them  from  sun-dials, 
whicli  shewed  the  hour  by  the  shadow  of  the  sun.  The  inven- 
tion of  clocks  with  wheels  is  ascribed  to  Pacificus,  archdeacon 
of  Verona,  in  the  9th  century,  on  the  credit  of  an  epitaph 
quoted  by  Ughelli,  and  borrowed  by  him  from  Panvinius. 
Others  attribute  the  invention  to  Boethius,  about  the  year  .010  ; 
and  some  to  Archimedes.  But  we  know  for  certain,  that 
Edward  III.  gave  permission  to  three  artists  to  come  over  from 
Holland  to  England,  and  practise  their  calling  here.  A  modern 
clock,  as  in  tlie  (igure,  consists  of  a  variety  of  parts,  which  may 
be  thus  explained  :  P  is  a  weight  whieli  is  suspended  by  a 
cord  that  winds  about  the  cylinder  or  barrel  C,  which  is  fixed 
upon  the  axis  «,  a  ;  the  pivots  b,  h,  go  into  holes  made  in  the 
plates  TS.TS,  in  wliich  they  turn  freely.  These  plates  are 
made  of  brass  or  iron,  and  are  connected  by  means  of  four 
pillars,  Z,  Z  ;  the  whole  together  being  called  flie/Vnmc.  The 
weight  P,  if  not  restrained,  would  necessarily  turn  the  barrel 
C,  with  an  uniformly  accelerated  motion,  in  the  same  manner 
as  if  the  w  eight  w  ere  „ 

falling   freely.        But  fThir'"^ ffll— rf 

the  bariel  is  furnish-  I  lliiL_L Uli— 11 

ed  with  a  ratchet- 
wheel,  K,K,  the  right 
side  of  whoso  teeth 
strikes  against  the 
click,  which  is  fixed 
with  a  screw  to  the 
wheel  D  I),  as  repre- 
sented in  the  second 
figure ;  so  that  the 
action  of  thcweighl  Is 
communicated  to  the 
■wheel  V)  D,  the  teeth 
of  which  act  upon 
the  teeth  of  llio  small 
wheel  (/,  which  turns 
upon  the  pivots  c,  c. 
The  communication 
or  action  of  one  wheel 
with  another.is  called 
the  pilcliinff  ;  a  small 
wheel  like  d  is  called 
apininn,  and  its  teeth 
are  called  haves  of 
the  pinion.  Several 
things  are  requisite 
to  form  a  good  pitch- 
ing, the  advantages 
of  which  are  obvi- 
ous in  all  machinery 
where  teeth  and  pi- 
nions are    employed. 

The  teeth  and  piiiion-lcaves  should  be  of  a  proper  shape,  and 
perfectly  e(iual  among  themselves:  the  size  also  of  the  pinion 
should  be  of  a  just  proportion  to  the  «  heel  acting  into  it. 

The  wlieel  EE  is  (ixedupon  the  axis  of  the  pinion  d ;  and  the 
motion  communicated  to  the  wheel  D  D  by  the  weight  is 
transmitted  to  the  pinion  d,  consequently  to  the  wheel  E  E,  as 
likewise  tn  the  pinion  e  and  wheel  F  F,  which  moves  the  pinion 
/,  upon  the  axis  of  which  the  crown  or  balance-wheel  Gil  is 
fixed.  The  pivots  of  the  pinion  /  play  in  holes  of  the  plates 
LM,  which  are  fixed  horizontally  to  the  plates  TS.  In  a  word, 
the  motion  begun  by  the  weight  is  trnnsmitteil  from  the  wheel 
G  H  to  the  palettes  I  K,  and  by  means  of  the  fork  U  X  riveted 
on  the  palettes,  communicates  motion  to  the  pendulum  A  B, 
which  is  suspended  upon  the  hook  A.  The  pendulum  A  B 
describes,  round  the  point  A,  an  arc  of  a  circle  alternately 
going  and  returning.  If,  then,  the  pendulum  be  once  put  in 
motion  by  a  push  of  the  lian<l,  the  weight  of  the  pendulum  at  B 
will  make  it  return  upon  itself,  and  it  will  continue  to  go  alter- 
nately backward  and  forward  till  the  resistance  of  the  air  upon 
19. 


the  pendulum,  and  the  friction  at  the  point  of  suspension  at  A, 
destroys  the  original  impressed  force.  But  as  at  every  vibra- 
tion of  the  pendulum  the  teeth  of  the  balance-w  heel  G  H  act 
so  upon  the  palettes  I  K  (the  pivots  upon  the  axis  of  these 
palettes  play  in  two  holes  of  the  polciice  si.)  that  after  one 
tuotli  H  has  communicated  motion  to  the  palette  K.  that  tooth 
escapes  ;  then  the  opposite  tooth  G  acts  upon  the  palette  I. 
and  escapes  in  the  same  manner ;  and  thus  each  tooth  of  the 
wheel  escapes  the  palettes  IK,  after  having  communicated 
their  motion  to  the  palettes  in  such  a  manner  that  the  pendu- 
lum,instead  of  being  stopped,  continues  to  move.  The  wheel 
EE  revolves  in  an  hour;  the  pivot  c  of  this  wheel  passes 
through  the  plate,  and  is  continued  to  r ;  upon  the  pivot  is  a 
wheel  N  N,  with  a  long  socket  fastened  in  the  centre  ;  upon 
the  extremity  of  this  socket  r,  the  minute-hand  is  lixed.  TThc 
wheel  N  N  acts  upon  the  wheel  O  ;  the  pinion  of  which  p  acts 
upon  the  wheel  yr/,  fixed  upon  a  socket  which  turns  along  with 
the  wheel  N.  Tills  wheel //r/  makes  its  revolution  in  labours, 
upon  the  socket  of  which  the  hour-hand  is  fixed. 

From  the  above  description  it  is  easy  to  see,  I.  That  the 
weight  P  turns  all  the  wheels,  and  at  the  same  time  continues 
the  motion  of  the  pendulum.  2.  That  the  quickness  of  the 
motion  of  the  wheels  is  determined  by  that  of  the  pendulum. 
3.  That  the  wheels  point  out  the  parts  of  time  divided  by  the 
uniform  motion  of  the  pendulum. 

When  the  cord  upon  which  the  weight  is  suspended  is 
entirely  run  down  from  off  the  barrel,  it  is  wound  up  again  by 
means  of  a  key,  which  goes  on  at  the  square  end  of  the  arbor  at 
Q,  by  turning  it  in  a  contrary  direction  from  that  in  w  liicli  the 
weight  descends.  For  this  purpose  the  inclined  side  of  the 
teeth  of  the  wheel  K  (as  in  the  annexed  figure)  reraoics  the 
click  C,  so  that  the  ratchet-wheel  R 
turns  while  the  wheel  D  is  at  rest ;  but 
as  soon  as  the  cord  is  wound  up,  the 
click  falls  in  between  the  teeth  of  the 
wheel  I),  and  the  right  side  of  the  teeth 
again  act  upon  the  end  of  the  click, 
■which  obliges  the  wheel  D  to  turn  along 
with  the  barrel ;  and  the  spring  \  keeps 
the  click  between  the  teeth  of  the  ratchet- 
wheel  R. 

We  shall  now  explain  how  time  is  measured  bv  the  motion 
of  the  pendulum;  and  how  the  wheel  E,  upon  the  axis  of  which 
the  minute-hand  is  fixed,  makes  but  one  precise  revolution  in  an 
hour.  The  vibrations  of  a  pendulum  are  performed  in  a  shorter 
or  longer  time  in  proportion  to  the  length  of  the  pendulum 
itself.  A  pendulum  of  3<JJ  inches  in  length  makes  ,3()00  vibra- 
tions in  an  hour;  i.e.  each  vibration  is  performed  in  a  second 
of  time,  and  for  that  reason  it  is  called  a  serond  pendulum.  But 
a  pendulum  of  Oj';  inches  makes  7-200  vibrations  in  an  hour,  or 
two  vibrations  In  a  second  of  time,  and  is  called  «  half-second 
pendulum.  Hence,  in  constructing  a  wheel  whose  revolution 
must  he  performed  in  a  given  time,  the  time  of  the  vibrations  of 
the  pendulum  which  regulates  its  motion  must  be  considered. 
Supposing,  then,  that  the  pendulum  A  B  makes  7-JUO  vibrations 
in  an  hour,  let  us  consider  how  the  wheel  E  shall  take  up  an 
hour  in  making  one  revolution.  This  entirely  depends  on  the 
number  of  teeth  in  the  wheels  and  pinions.  If  the  balance- 
wheel  consists  of  30  teeth,  it  will  turn  once  in  the  time  that  the 
pendulum  makes  60  vibrations  ;  for  at  every  turn  of  the  wheel 
the  same^  tooth  acts  once  on  the  palette  I,  and  once  on  the 
palette  K,  which  occasions  two  separate  vibrations  in  the  pen- 
dulum ;  and  the  wheel  having  30  teeth,  it  occasions  twice  30,  or 
60  vibrations.  Consequently  this  wheel  must  perform  l-'O  revo- 
lutions in  an  hour;  because  60  vibrations,  wlilcli  it  occasions 
at  every  revolution,  are  contained  VJO  times  in  '■JOO,  the  num- 
ber of  vibrations  performed  by  the  pendulum  in  an  hour.  Ndvv, 
In  order  to  determine  the  number  of  teeth  for  the  wheels  E  F, 
and  their  pinions  e /,  it  must  be  remarked,  that  one  revolution  of 
the  wheel  E  must  turn  the  pinion  e  as  many  times  as  the  num- 
ber of  teeth  in  the  pinion  is  contained  in  the  number  of  teeth  in 
the  wheel.  Thus,  if  the  wheel  E  contains  72  teeth,  and  the 
pinion  p  6,  the  pinion  will  make  12  revolutions  in  the  time  that 
the  wheel  makes  I  ;  for  each  tooth  of  the  wheel  drives  forward 
a  tooth  of  the  pinion,  and  when  the  6  teelli  of  the  pinion  arc 
moved,  a  complete  revolution  is  performed  ;  but  the  wheel  E 
2  Y 
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has  by  that  time  only  advanced  6  teeth,  and  has  still  6(5  to 
advance  before  its  revolution  be  completed,  which  will  occasion 
II  more  revolutions  of  the  pinion.  For  the  same  reason,  the 
wheel  F  having  60  teeth,  and  the  pinion  / 6,  the  pinion  will 
make  10  revolutions  while  the  wheel  performs  1.  Now  the 
wheel  F  beinf?  turned  by  the  pinions,  makes  12  revolutions  for 
one  of  the  wheel  E  ;  and  the  pinion  /"makes  10  revolutions  for 
one  of  the  wheel  F  ;  consequently  the  pinion/performs  10  times 
12,  or  120  revolutions,  in  the  time  the  wheel  B  performs  one. 
But  the  wheel  G,  v»'hich  is  turned  by  the  pinion/,  occasions  60 
vibrations  in  the  pendulum  each  lime  it  turns  round  ;  conse- 
quently the  wheel  G  occasions  60  times  120,  or  7200,  vibrations 
of  the  pendulum  while  the  wheel  E  performs  one  revolution  ; 
but  7200  is  the  number  of  vibrations  made  by  the  pendulum  in 
an  hour,  and  consequently  the  wheel  E  performs  but  one  revo- 
lution in  an  hour;  and  so  of  the  rest. 

From  this  reasonin^^  it  is  easy  to  discover  how  a  clock  may 
be  made  to  go  for  any  length  of  time  without  being  wound  up. 
1.  By  increasing  the  number  of  the  teeth  in  the  wheels.  2.  By 
diminishing  the  number  of  teeth  in  the  pinions.  3.  By  increas- 
ing the  length  of  the  cord  that  suspends  the  weight.  4.  By  in- 
creasing the  length  of  the  pendulum.  And,  5.  By  adding  to 
the  number  of  wheels  and  pinions.  But  in  proportion  as  the 
time  is  augmented,  if  the  weight  continues  the  same,  the  force 
which  it  communicates  to  the  last  wheel  GH  will  be  diminished. 

It  only  remains  to  take  notice  of  the  number  of  teeth  in  the 
wheels  which  turn  the  hour  and  minute  hands.  The  wheel  E 
performs  one  revolution  in  an  hour;  the  wheel  N  N,  which  is 
turned  by  the  axis  of  the  w  heel  E,  must  likewise  make  only  one 
revolution  in  the  same  time;  and  tlie  minute-hand  is  fixed  to 
the  socket  of  this  wheel.  The  wheel  N  has  30  teeth,  and  acts 
upon  the  wheel  O,  which  "nas  likewise  30  teeth,  and  the  same 
diameter;  consequently  the  wheel  O  takes  an  hour  to  a  revolu- 
tion :  now  the  wheel  O  carries  the  pinion;;,  which  has  6  teeth, 
and  which  acts  upon  the  wheel  q  q  of  72  teeth  ;  consequently  the 
pinion  p  makes  12  revolutions  while  the  wheel  q  q  makes  one, 
and  of  course  the  wheel  qq  takes  12  hours  to  one  revolution; 
and  upon  the  socket  of  this  wheel  the  hour-hand  is  fixed. 
Much  that  has  been  said  here  concerning  revolutions  of  wheels, 
&e.  is  equally  applicable  to  watches  as  to  clocks. 

But  to  speak  of  the  striking  part,  in  which,  indeed,  as  well 
as  the  other  part  of  a  clock,  there  is  room  for  a  great  variety 
and  choice  in  the  construction  ;  the  wheels  composing  this  part 
are,  the  great  or  first  wheel,  moved  by  the  weight  or  spiing  at 
the  barrel,  in  sixteen  or  thirty  hour  clocks  ;  this  has  usually 
pins,  and  is  called  the  pin-wheel:  in  eight-day  pieces  the  second 
wheel  is  commonly  the  pin-wheel  or  striking-wheel,  which  is 
moved  by  the  former.  Next  to  the  striking-wheel  is  the  detent- 
wheel,  or  hoop-wheel,  having  a  hoop  almost  round  it,  wherein 
is  a  vacancy  at  which  the  clock  locks.  The  next  is  the  third 
or  fourth  wheel,  according  to  its  distance  from  the  rest,  called 
the  warniny-iclieeL  Tiie  last  is  the  ll)ing  pinion,  with  a  fly  or 
fan,  to  gather  air,  and^so  bridle  tlie  rapidity  of  the  clock's 
motion.  To  these  must  be  added  the  pinion  of  veport,  which 
drives  round  the  locking-wheel,  called  also  the  count-uheel, 
ordinarily  with  eleven  notches  in  it,  uneciuajly  distant,  to  make 
the  clock  strike  the  hours.  Besides  the  w  heels,  to  the  clock 
part  belongs  the  rash  or  ratch  ;  a  kind  of  wheel  with  twelve 
large  fangs,  running  concentrici;l  to  the  dial-wheel,  and  serving 
to  lift  up  the  detents  every  hour,  and  make  the  clock  strike : 
the  detents  or  stops,  which  being  lifted  up  and  let  fall,  lock 
and  unlock  the  clock  in  striking  ;  the  hammir,  w  hich  strikes 
the  bell  ;  the  hammer  tails,  by  which  the  striking  pins  draw 
back  the  hammers;  latches,  whereby  the  work  is  lifted  up  and 
unlocked  ;  and  lifting-pieces,  which  lift  up  and  unlock  the 
detents. — For  the  other  parts  of  a  clock,  sec  Balance,  Pendu- 
lum, and  SCAPEMENT. 

J.  H.  G.  Dyar,  of  Vermont,  in  America,  has  invented  a  clock, 
the  principles  and  movements  of  w  hich  entirely  dillcr  from  those 
at  present  in  use.  The  pendulum  moves  in  a  cyeloidal  arch,  and 
performs  long  and  short  vibrations  in  equal  times;  while  the 
pendulum  of  the  common  clock  swings  in  tlu^  arc  of  a  circle, 
making  unequal  vibrations  in  unequal  limes.  In  other  respects 
its  construction  is  peculiar  ;  the  hammer,  which  is  balanced  and 
turns  on  a  pivot,  strikes  the  internal  limb  of  the  bell  ;  and  the 
machinery  of  the  whole  is  surprisingly  simple,   but  two  wheels 


being  required  to  contijue  the  operation  of  eight  days,  without 
renewing  the  power :  three  w  heels,  it  is  said,  w  ill  do  this  for  a 
year  ;  and  four,  we  are  told,  will  perpetuate  the  motion  for  a 
century.  They  may  be  seen  at  some  of  the  dockmakers  in 
London. 

Prior's  contrivance  for  the  striking  part  of  a  eight  day  clock, 
consists  of  a  wheel,  on  the  face  of  which  are  cut  six  turns  of  a 
spiral  line  for  counting  the  hours  ;  the  pins  below  this  spiral 
elevate  the  hammer,  and  those  above  are  for  the  use  of  the 
detent.  This  single  wheel  serves  the  purpose  of  count-wheel, 
pin-wheel,  detent-wheel,  and  the  fly-wheel,  and  has  six  revo- 
lutions in  striking  the  12  hours.  The  flies  of  clocks  turn  round, 
at  a  mean,  above  sixty  times  for  every  knock  of  the  hammer, 
but  this  turns  round  only  three  times  for  the  same  purpose  ; 
and  suppose  the  pivots  were  of  equal  diameters,  the  inllnence 
of  oil  on  them  would  be  as  the  number  of  revolutions  in  each. 

In  some  parts  of  the  kingdom,  Glasgow  to  wit,  the  dials  of 
public  clocks  have  been  illuminated  by  gas;  and  certainly 
nothing  is  more  necessary  than  this  addition  to  our  night 
watch.  A  dial-plate  might  be  made  to  revolve  on  the  axis  of 
the  fixed  dial.  The  figures  shewing  the  hours  being  cut  in 
contrary  succession,  and  the  span  illuminated  by  a  strong 
gas  light. 

One  on  the  follow  ing  plan  might  be  adopted,  exactly  as  it  has 
been  suggested  by  the  editor  of  the  "  Register  of  the  Arts  and 
Sciences."    A  is  the  dial-plate  of  a  common  clock,  with  the 

hours,  &c.  marked  upon  it, 
as  usual  ;  B  is  the  proposed 
addition  to  it,  for  the  pur- 
pose of  exhibiting  the  time 
distinctly  during  the  night; 
C  is  a  light  cog-wheel, 
placed  immediately  behind 
the  day  dial,  having  its 
centre  fitted  in  the  arbor  of 
the  hour-hand,  and  revolv- 
ing with  it.  The  night  dial  B 
we  propose  to  be  made  of  a 
plate  of  glass,  with  the  hours 
painted  upon  itin  black, and 
to  revolve  on  an  axis  in  its 
centre.  The  index,  repre- 
sented by  an  arrow,  is  fixed. 
The  periphery  of  the  glass 
plate  is  encompassed  by  a 
~im  of  brass,  having  cogs  in 
its  outer  edge,  which  fit  into 
the  cogs  of  the  wheel  C  ;  consequently  they  mote  together  ; 
and  being  of  equal  diameters,  they  perform  their  revolutions  in 
equal  time.  Tlie  time  represented  in  our  engraving  is  a  quar- 
ter past  ten  ;  when  the  hour-hand  has  moved  on  to  XI,  (for 
instance.)  the  transparent  dial  B  will  have  moved  an  equal 
space  past  the  fixed  index,  and  denote  the  same  precise  time. 
Both  dials  must,  by  this  simple  contrivance,  invariably  agree 
in  their  respective  indications  of  the  time.  During  the  day 
the  time  is  observed  on  the  large  dial,  as  usual ;  and  at  night 
a  lighted  lamp  placed  behind  the  transparent  dial  will  always) 
exhibit  the  time  as  distinctly. 

CLOSE  HAULED,  the  arrangement  or  trim  of  a  ship's  sails 
when  she  endeavours  to  make  a  progress  in  the  nearest  direc- 
tion possible  towards  that  point  of  the  compass  from  which  the 
wind  blows  ;  in  this  manner  of  sailing,  the  keel  of  square-rigged 
vessels  commonly  makes  an  angle  of  six  points  with  the  line  of 
the  wind,  but  cutters,  luggers,  and  other  fore-and-aft  rigged 
vessels,  will  sail  much  nearer.  All  vessels,  indeed,  are  sup- 
posed to  make  nearly  a  point  of  lee-way  when  close-hauled, 
even  when  they  have  the  advantage  of  a  good  sailing  breeze 
and  smooth  water.  The  angle  of  the  lee-way,  however,  enlarges 
in  proportion  to  the  increase  of  the  w  ind  and  sea.  In  this  dis- 
position of  the  sails  tliey  are  all  extended  sideways  on  the  ship, 
so  that  the  wind,  as  it  crosses  the  ship  obliquely  towards  the 
stern  from  forwards,  may  fill  their  cavities.  But  as  the  current 
of  wind  also  unites  the  cavities  of  the  sails  in  an  oblique  direc- 
tion, the  eflbrt  of  it,  to  make  the  ship  advance,  is  considerably 
dimiuishcd  :  she  will,  thcrelbre,  make  the  least  progress  when 
sailing  in  this   manner.     The  ship  is  said  to  be  close-hauled, 
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hecaase  at  this  time  Iier  lacks,  or  lower  corners  of  the  princi- 
pal sails,  are  drawn  close  down  to  her  side  to  windward;  the 
sheets  hauled  close  aft;  and  all  the  bowlines  drawn  to  their 
greatest  extension,  in  order  to  keep  the  sails  ready. 

CLOSE  QUARTERS,  certain  strong  barriers  of  wood 
Stretching  across  a  merchant  ship,  in  several  places  ;  they  are 
used  as  a  place  of  retreat  when  a  ship  is  boarded  by  her  adver- 
sary, and  are  therefore  fitted  with  loop-holes  through  which  to 
lice  the  small  arms  ;  they  are  likewise  furnished  with  caissons, 
or  powder-chests,  fixed  upon  the  deck,  which  may  be  lired  at 
any  time  from  the  close  quarters  upon  the  boarders.  An 
English  merchant  ship  of  16  guns,  by  being  properly  fitted  with 
close  quarters,  has  been  known  to  defeat  the  united  efforts  of 
three  French  privateers  who  boarded  her,  after  having  engaged 
at  some  distance  nearly  a  day  and  a  half,  with  very  few  inter- 
vals of  rest.  Trtoofthe  cruisers  were  equipped  with  12  guns 
each,  and  the  other  with  8.  The  French  sailors  were,  after 
boarding,  so  much  exposed  to  the  continued  fire  of  musketry, 
and  cohorns  charged  with  grenadoes.  that  a  dreadful  scene  of 
carnage  ensued,  in  which  the  decks  were  soon  covered  with  the 
dead  bodies  of  the  enemy,  several  of  which  the  boarders,  in 
their  hurry  to  escape,  had  left  behind. 

CLOUD,  a  visible  aggregate  of  minute  drops  of  water  sus- 
pende<l  in  the  atmosphere.  The  same  aggregate,  which  in  this 
situation  is  called  a  cloud,  obtains  the  name  of  mist,  when  seen 
to  arise  from  the  earth  or  waters;  and  fog,  when  it  envelopes 
and  covers  the  observer.  Yet  the  two  latter,  viewed  from  a 
greater  distance  or  elevation,  present  all  the  appearances  of 
clouds  ;  while  those,  in  their  turn,  become  mists  and  fogs,  in 
proportion  as  we  approach  and  penetrate  them.  It  is  con- 
cluded, from  numerous  observations,  that  the  particles  of  which 
a  cloud  consists,  are  always  more  or  less  electrified  ;  and  this 
fluid  has  hence  been  considered  as  the  cause  of  the  formation 
of  all  clouds  whatever,  whether  of  thunder,  hail,  rain,  or  snow. 
See  Metkor. 

The  hypothesis  which  assumes  the  existence  of  vesicular 
Tapour,  and  makes  the  particles  of  clouds  to  be  hollow  spheres, 
which  unite  and  descend  in  rain  when  ruptured,  however  sanc- 
tioned by  the  authority  of  several  eminent  philosophers,  does 
not  seem  necessary  to  the  science  of  meteorology  in  its  present 
state;  it  being  evident  that  the  buoyancy  of  the  particles  is 
not  more  perfect  than  it  ought  to  be,  if  we  regard  them  as  mere 
drops  of  water.  In  fact,  they  always  descend,  and  the 
water  is  elevated  again  only  by  being  converted  into  invisible 
vapour. 

The  height  of  the  clouds  is  supposed  to  be  from  about  a 
quarter  of  a  mile  to  a  mile.  It  is  common  for  persons  by 
climbing  very  high  mountains,  to  get  above  the  clouds,  and  see 
them  swim  beneath  them.  The  wonderful  variety  in  the  colour 
of  the  clouds  is  owing  to  their  particular  situation  with  regard 
to  the  sun,  and  the  diflerent  reflections  of  his  light.  The  dif- 
ferent figures  of  the  clouds  result  from  their  loose  and  voluble 
texture,  revolving  into  any  form  according  to  the  varied  force 
of  the  winds.  Those  small  clouds,  sometimes  seen  very  high, 
and  heaped  upon  one  another,  presage  rain  very  soon.  When 
the  horizon,  at  the  rising  or  setting  of  the  sun,  appears  pale 
and  yellowish,  it  is  a  sign  of  the  air  being  full  of  vapours,  and 
threatens  bad  weather.  But  when  it  is  of  a  light  red  at  those 
times,  there  arc  but  few  vapours  in  the  air,  and  fine  weather 
may  be  expected.  The  quantity  of  vapour  evaporated  at  any 
degree  of  heat  or  wind,  depends  on  the  quantity  of  vapour 
already  in  the  atmosphere. 

COAL,  a  solid  inflammable  substance  commonly  used  for 
fuel.  There  arc  various  species,  1.  I'it  Cixtl,  is  a  black,  com- 
pact, brittle  mass,  which,  according  to  Kirwan,  consists  of 
petrol  or  asphaltum  mixed  with  argillaceous  earth  ;  seldom  with 
calcareous  ;  and  frequently  also  with  ))yrites.  2.  Culm  Ciial, 
this  has  a  greater  portion  of  argillaceous  earth  and  vitriolic 
acid,  with  a  moderate  portion  of  petrol.  It  burns  with  a  flame 
without  being  consumed.  3.  SInle  Coal,  contains  so  much 
earth,  that  it  looks  like  common  slate  ;  but  burns  with  a  fiamc. 
There  are  large  quarries  of  it  at  Purbeek,  in  Dorsetshire.  4. 
Cannel  Coal,  or  ampelites,  is  of  a  dull  black  colour,  and  burns 
with  a  bright  flame,  but  is  apt  to  fly  to  pieces  in  the  fire.  This 
kind  is  used  for  making  various  toys,  which  appear  like  jet. 
6.  Kilhennij  Coal,  is  the  lightest  of  all,  and  contains  the  largest 


quantity  of  asphaltum  ;  burns  with  less  smoke  and  flame,  and 
more  intensely,  though  more  slo«ly,  than  cannel  coal.  6  Sul- 
phurous Coal,  has  a  considerable  portion  of  pyrites,  whence  it 
is  apt  to  moulder  and  break  when  exposed  to  the  air,  after 
which  water  will  act  upon  it.  There  are  in  it  \ellow  spots 
resembling  metal.  7.  Bovey  Coal,  is  of  a  dark  brown  colour, 
and  of  a  jellow  lamina  and  texture.  The  laminx  are  flexible 
when  first  dug,  but  harden  when  exposed  to  the  air.  It  con- 
sists of  wood  penetrated  with  petrol  or  bitumen,  and  frequently 
contains  pyrites,  alum,  &c.  8.  Jet.  This  substance  is  found 
in  France,  Spain,  Germany,  Britain,  and  other  countries.  It 
is  found  in  detached  kidney-formed  masses  of  various  sizes, 
and  is  of  a  very  deep  glossy  black  colour,  opaque  and  hard. 

Coal,  Small,  a  sort  of  charcoal  prepared  from  the  spray  and 
brush-wood  stripped  off  from  the  branches  of  coppice  wood, 
sometimes  formed  in  bavins  for  that  purpose,  and  sometimes 
charred  without  binding.  It  is  used  by  artificers  to  temper 
and  anneal  their  works. 

COAL  GAS,  is  of  the  highest  importance,  from  the  beautiful. 
light  which  it  yields.  Wlicn  coals  are  burning  on  the  fire,  we 
see  the  stream  shooting  out,  and  inllamiug  when  a  light  is 
held  near  it:  this  is  coal  gas.  To  obtain  gas,  the  coals  are 
enclosed  in  iron  retorts,  which  are  heated  red-hot;  the  coal  is 
literally  dissolved,  and  the  gas  rising  up  in  the  retort,  is  made 
to  pass  through  water  and  other  substances,  to  free  it  from 
impurities.  It  is  collected  in  a  gasometer,  from  which  it  is 
transmitted  by  pipes  to  whatever  distance  it  may  be  required, 
with  the  same  facility  as  if  it  were  water  from  a  reservoir; 
indeed,  with  greater  ease,  as  the  level  of  a  reservoir  of  water 
must  always  be  higher  than  the  place  to  which  water  is  con- 
ducted ;  but  from  the  buoyancy  and  lightness  of  gas,  it  will 
ascend  to  any  height  to  which  it  may  be  desirable  to  con- 
duct it.  The  gas  produced  from  coal  is  chiefly  the  carbu- 
rctted  hydrogen  gas,  wbic'li  consists  of  carbon  and  hydrogen, 
chemically  combined.  This  is,  however,  by  no  means  in  a  slate 
of  purity,  but  is  (miy  the  predominant  gas  in  the  mixture. 

COASTING,  is  that  part  of  navigation  which  Is  carried  on 
near  the  coast  or  shore,  without  losing  sight  of  land,  except 
occasionally  for  a  short  period. 

COAT  OF  AuMs,  i.i  Heraldry,  was  a  habit  worn  by  the 
ancient  knijihts,  over  their  armour,  reaching  as  low  as  their 
navel.     The  term  is  used  for  the  hearing  of  a  person  or  family. 

COATING,  the  application  of  clay  or  some  other  substance 
about  a  glass  vessel,  to  keep  it  from  breaking  by  the  violence 
of  the  fire. 

COBALT,  in  Chemistry,  a  metal,  when  pure,  of  a  white 
colour,  inclining  to  bluish  or  steel  gray.  .4t  the  common  tem- 
perature its  specific  gravity  is  more  than  8'5.  It  is  attracted 
liy  the  magnetic  needle,  and  is  itself  capable  of  polarity.  For 
fusion,  it  requires  nearly  the  same  intensity  of  heat  as  cast  iron. 
Cobalt  occurs  in  nature  alloyed  with  other  metals,  and  mine- 
ralized by  oxygen,  and  by  arsenic  acid.  Tlie  white  cobalt 
ore  is  an  alloy  of  cobalt  and  arsenic,  with  a  little  sulphur,  and 
in  some  specimens  a  little  iron,  the  two  latter  being  probably 
accidental.  The  gray  cobalt  ore,  as  it  has  been  named,  is  an 
alloy  of  cobalt  with  arsenic  and  iron;  sometimes,  also,  as 
has  been  ainrnied,  with  small  portions  of  nickel  and  bismuth. 

Cobalt  combines  with  many  of  the  metals.  Its  alloys  are 
generally  brittle,  and  none  of  them  Ikivc  been  applied  to  any 
use;  nor  have  they  been  much  cxaniijicd.  The  principal,  or 
indeed  almost  the  sole  use  of  cobalt,  is  in  communicating  a 
blue  colour  to  glass,  enamel,  and  porcelain.  Small  and  azure 
blue  are  merely  eoballic  glass  in  fine  powder.  Zafl'rc  is  a  flint 
powder,  and  an  impure  oxide  of  cobalt  prepared  by  calcination 
of  the  ores. 

COBITIS,  the  Loaehe,  a  genus  of  fishes,  of  the  order  of 
abdominalcs,  of  which  there  are  five  species,  natives  of  the 
rivers  in  Europe.  The  loaehe  generally  keeps  at  the  bottom  on 
the  gravel,  whence  it  is  called  the  groundling. 

COIJOOSE,  the  place  where  the  victuals  are  cooked  onboard 
merchant  ships. 

COCCULUS  INDICUS,  a  poisonous  berry,  too  frequently 
mixed  with  malt  liquors  to  make  them  intoxicating.  It  is  the 
fruit  of  the  monospermum  cocculus. 

COCCUS,  a  genus  of  insects  belonging  to  tne  order  of 
hcmiptera.     The  coccus  cacti,  a  native  of  the  warmer  parts  ol 
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America,  is  the  famous  cocliiiieal  animal.  The  female,  which 
alone  is  valuable  for  its  colour,  is  slothful  and  ill-sliaped.  Tlie 
male  is  scarce,  aiui  sunicieiit  for  three  hundred  females.  It  is 
.?mall.  slender,  and  active.  The  cochineal  insect  resembles 
tlie  silkworm  in  the  manner  of  depositing  its  e^gs-  The  insects 
destined  for  this  purpose  are  taken  and  put  into  a  box  lined 
with  a  coarse  clotli,  where  tliev  lay  their  eiss,  and  then  die. 
The  box  is  kept  close  shut  till  tlie  time  of  placing  the  egg  on  the 
foliage  of  the  cactus  cochenilifcr  or  Indian  tig,  called  by  the 
Spaniards  nopal.  At  Oaxaca,  in  Mexico,  the  cochineal  insects 
are  gathered  in  large  quantities,  and  the  cultivation  of  them  is 
the  employment  of  the  Indians.  In  trade  there  are  four  sorts  of 
cochineal  -  mastique,  campeschane,  tetraschale.  and  Sylvester. 
The  first  is  the  best,  and  the  last  the  worst.  The  cochineal  is 
esteemed  in  medicine  as  a  cordial,  sudorific,  and  febrifuge;  but 
it  is  cliiellv  used  by  dyers  and  painters.  Coccus  lacca,  or 
gum  lac  animal,  is  a  native  of  the  East  Indies.  This  species 
fix  themselves  upon  the  succulent  extremities  of  the  young 
branches  of  the  trees  they  Inhabit,  and  are  as  it  were  glued 
thereto  by  a  red  liquid,  which  gradually  accumulating,  forms  a 
complete  cell,  and  is  what  is  called  gum  lac.  Out  of  this  pro- 
ceed the  young  insects,  leaving  the  exuviie  behind,  which  is 
that  while  mend^ranous  substance  found  in  the  cells  of  the  stick 
lac.  Tlie  gum  lac  brought  to  this  country  is  principally  found 
on  the  mountains  on  both  sides  the  Ganges,  and  is  of  a  deep 
red  colour.  Coccus  Polonieus,  or  the  scarlet  grain  of  Poland, 
is  usually  met  with  at  the  root  of  the  plant  called  polygonum 
coeciterum. 

COCHINEAL,  was  at  first  supposed  to  be  a  grain,  which 
name  it  still  retains  by  way  of  eminence  among  dyers,  but 
naturalists  soon  discovered  that  it  was  an  insect,  a  species  of 
the  coccus.  Fine  cochineal,  which  has  been  w  ell  dried  and 
properly  kept,  ought  to  be  of  a  gray  colour  inclining  to  purple. 
The  gray  is  owing  to  a  powder  which  covers  it  naturally,  a  part 
of  which  it  still  retains  :  the  purple  tinge  proceeds  from  the 
colour  extracted  by  the  water  in  which  it  has  been  killed. 
Cochineal  will  keep  a  long  time  in  a  dry  place.  Hellot  says, 
that  he  tried  some  130  years  old,  and  found  it  to  produce 
the  same  elfect  as  new. 

COCHLEA,  the  same  as  screw  :  being  thus  called  in  conse- 
quence of  its  resemblance  to  the  spiral  shell  of  a  snail,  called 
by  the  Latins  cochlea. 

COCKBOAT,  a  small  boat  used  on  rivers  near  the  shore. 
In  ancient  days  a  cock  was  the  general  name  of  a  yawl. 
^  COCKPIT,  in  a  ship,  is  near  the  apartments  of  the  surgeon 
and  his  mates,  being  the  place  where  the  wounded  men  are 
dressed.  It  is  situated  near  the  after  hatchway,  and  under  the 
lower  gun-deck. 

Fore  Cockpit,  a  place  leading  to  the  magazine  passage,  and 
the  boatswain's,  gunner's,  and  carpenter's  store  rooms  ;  in 
large  ships,  and  during  war  time,  the  boatswain  and  carpenter 
generally  have  their  cabins  in  the  fore  cockpit,  instead  of 
beinsr  under  the  forecastle. 

COCOS.  in  Botany,  a  genus  belonging  to  the  natural  order 
ofpalma;.  and  of  the  raonoeeia  hexandria  class.  There  are 
five  species.  The  principal  is,  cocos  nucifcra,  or  cocoa-nut 
tree.  It  frequently  grows  to  the  height  of  .sixty  feet,  and  is 
smaller  in  the  middle  than  at  top  and  bottom.  Owing  to  the 
load  of  nuts  which  it  bears,  it  leans  to  one  side.  The  colour  is 
of  a  pale  brown,  and  the  bark  smooth.  The  leaves  are  often 
fourteen  or  fifteen  feet  long,  and  about  twenty-eight  in  num- 
ber. The  nuts  hang  at  the  top  of  the  trunk  in  clusters  of  a 
dozen  eacli.  The  nut  has,  next  the  stem,  three  holes  closely 
stopped.  When  the  kernel  begins  to  grow,  it  inerusts  the  inside 
with  a  substance  like  jelly  ;  this  hardens  and  increases  till  it 
becomes  white.  The  quantity  of  licpior  in  a  full-grown  nut  is 
about  a  pint,  and  is  pleasant  to  the  taste.  The  husky  tegu- 
ment of  the  nut  consists  of  tough,  stringy  filaments,  like  coarse 
oakum.  The  leaves  are  made  into  brooms,  mats,  sacks,  and 
other  useful  articles. 

CODE,   a  collection  of  the  laws   and  constitutions  of  the 
Roman  emperors,  made  by  order  of  Justinian. 
CODEX,  a  book  or  tablet,  used  by  the  ancients. 
CODICIL,  a  writing,  added  by  way  of  supplement  when   a 
thing  has  been  omitted,  that  the  testator  wishes  to  appear  in 
his  last  will. 


CO-EFFICIENTS,  in  Algebra,  arc  numbers  or  letter.s  pro- 
fixed  to  other  letters,  or  unknown  quantities,  into  which  they 
are  supposed  to  be  multiplied  ;  and,  therefore,  wiih  such  letters, 
or  the  quantities  represented  by  them,  making  a  product,  or 
co-eflicient  product.     See  Algebra. 

COFFEA,  or  the  Coffee  Thee,  a  genus  of  the  raonogynia 
order,  in  the  pentandria  class  of  plants,  ranking  in  the  natural 
method  under  the  47th  order  stellata-.  There  are  10  species, 
the  principal  of  which  is  a  native  of  .Arabia  Felix,  which  rises 
about  16  or  KS  feet  in  height :  the  main  stem  growing  upright, 
is  covered  with  a  light  brown  bark  ;  the  branches  are  produced 
horizontally  and  opposite,  crossing  each  other  at  every  joint. 
The  leaves  also  stand  opposite,  and  when  full  grown,  are  about 
four  or  five  inches  long,  and  two  broad  in  the  middle,  decreas- 
ing towards  each  end  :  the  bodies  are  waved,  and  the  surface 
is  of  a  lucid  green.  The  Howers,  which  are  white,  are  produced 
in  clusters  at  the  root  of  the  leaves,  sitting  close  to  the  branches. 
The  fruit  resembles  a  cherry.  It  grows  in  clusters  along  the 
branches,  under  the  axilla;  of  the  leaves.  It  is  at  first  of  a  green 
colour,  and  when  of  a  deep  red,  is  gathered  for  use.  The 
eollee  tree  is  cultivated  in  Arabia,  Persia,  the  East  Indies,  and 
America.  It  is  also  raised  in  botanic  gardens,  in  several 
parts  of  Europe.  Cofiee  is  said  to  assist  digestion,  and  is 
good  in  relieving  the  headache:  and  for  very  weak  constitu- 
tions, should  be  drank  immediately  after  dinner.  It  is  taken 
in  large  quantities  by  the  Turks  and  Arabs. 

COFFER,  in  Fortification,  is  a  hollow  lodgment  across  a  dry 
moat,  on  which  are  raised  pieces  of  timber,  and  hurdles  filled 
with  earth,  serving  as  a  parapet  with  embrasures.  The  use 
is  for  the  besieged  to  defend  the  ditch,  and  to  repulse  the 
besiegers. 

COFFER  D,\M,  a  term  applied  by  engineers  to  denote  the 
enclosures  formed  for  laying  the  foundation  of  piers  and  other 
works  in  water,  to  exclude  the  surrounding  fiuid,  and  thus 
forming  a  protection  botli  to  the  work  and  workmen. 

COGN.\TION,  in  Civil  Law,  a  term  for  that  line  of  consan- 
guinity between  males  and  females,  both  descended  from  one 
father. 

COGNISOR,  in  Law,  one  that  passeth  or  acknowledgcth  a 
fine  of  lands  or  tenements  to  another. 

COGNOVIT  AcrioNE.M,  in  Law,  is  an  acknowledgment  by  a 
defendant,  or  confession,  that  the  plaintiff's  cause  of  action  is 
just,  and  therefore  sufi'ers  judgment  to  go  against  him. 

COG  WHEEL.  Wheels  acting  upon  each  other  are  the  in- 
struments by  which  the  transmission  of  mechanic  force  from  one 
part  of  a  system  of  machinery  to  another  is  commonly  and  con- 
veniently elleeted.  The  due  connexion  of  the  moving  parts  is 
accomplished  either  by  the  mutual  action  of  properly  formed 
teeth,  in  some  instances  called  Coys,  by  straps  or  endless  bands, 
or,  by  the  friction  of  one  face  of  a  wheel  against  another. 

Among  the  ingenious  inventions  of  the  present  day,  for  the 
communication  of  motion  in  machines,  in  lieu  of  the  ordinary 
cog  or  toothed  wheels,  the  invention  of  Lewis  Gonipertz,  Esq. 
of  the  Kennington  Oval,  Surry,  is  so  perfectly  original  as  to 
require  the  most  extensive  publicity.  The  following  is  its  de- 
scription in  the  words  of  the  inventor's  specification  of  the 
patent  which  he  obtained  for  this  improvement  in  the  arts, 
dated  April  'iTIh,  1814. 

"One  of  the  wheels  I  call  the  pin  wheel,  because  it  is  provid- 
ed w  ith  pins,  marked  B  C  D  E,  see  Plate,  (igs.  I,  2,  and  5,  which 
pins  may  be  furnished  with  friction  rollers,  and  which  project 
perpendicularly  from  its  plane,  and  communicate  motion  to  the 
other  wheel,  called  the  curve  wheel,  (or  vice  rersn,')  by  entering 
curved  grooves  G  H  I  K,  made  in  the  surface  of  it,  as  shewn  in 
the  perspective  view,  fig.  5.  The  axes,  and  consequently  the 
planes  of  the  two  wheels,  are  so  inclined  to  each  other,  that 
the  ends  of  the  pins  B  C  are  beneath  the  surface  of  the  curve 
wheel,  and  therefore  enter  into  the  grooves.  But,  in  conse- 
quence of  the  inclination  of  the  wheels  as  the  pins  approach 
the  point  I),  or  come  to  the  line  between  the  centre  of  the 
wheels,  their  ends  come  to  the  surface  of  the  wheel,  so  as  to 
leave  the  grooves;  and  as  they  proceed  towards  E,  they  are  so 
completely  above  the  wheel  as  to  pass  over  without  touching 
it.  The  manner  of  action  is  this:  the  pin  C  is  engaged  in  the 
groove  G,  and  the  pin  B  is  on  the  point  of  entering  H;  by  the 
revolution  of  the  pin  wheel  its  pins  B  and  C  act  in  the  grooves 
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nnd  pressing  in  their  curves,  turn  the  curve  wheel  round  upon 
its  centre;  and  as  tlie  pins  in  succession  quit  ihe  jirooves  in 
the  same  manner  as  Ihe  pin  I)  is  supposed  to  have  (piilted  tlie 
groove  K,  the  otl)er  pins  very  soon  after  enter  the  next  groove 
but  one,  in  the  same  manner  as  B  is  entering  into  II,  and  hv 
this  means,  before  any  pin  leaves  its  groove,  the  succeeding 
pin  has  just  entered,  and  a  constant  action  of  the  pins  in  the 
groove  is  kept  up.  The  law  of  the  action  depends  upon  the 
nature  of  the  curves,  which  may  be  varied  at  |)leasure,  so  that 
they  will  turn  each  other  with  an  equal  velocity,  and  with  a 
perfect  regular  motion;  or  by  an  irregulfir  one,  or  the  curves 
may  be  made  to  turn  with  twice  or  three  limes  the  velocity,  or 
in  almost  any  ratio  rc<)uired,  also  to  turn  each  other  in  either 
direction  ;  thus,  in  iigs.  1  and  3,  both  the  «  heels  turn  round  in 
the  same  direction  as  shewn  by  the  arrows,  but  iji  fig.  2  the 
grooves  are  dill'erently  curved,  and  they  turn  contrary  ways  to 
each  other.  A  manner  of  finding  the  curves  for  these  grooves 
is  explained  in  fig.  4.  First  describe  the  circle  F  /,  for  the 
size  of  the  curve  wheel;  then  draw  a  circle,  A  iJ  C  D,  for  the 
pin  wheel,  and  divide  it  into  the  number  of  pins  it  is  intended 
to  have,  for  example  twelve;  subdivide  the  spaces  between 
each  of  the  pins  D  C  and  C  li  into  any  number,  eif;ht  fur  ex- 
ample, and  figure  the  divisions,  as  shewn  next;  on  the  centre 
F  draw  a  circle  through  each  of  the  said  divisions,  also  a  circle 
ART  passing  through  the  centre  of  the  pin  wheel.  Now, 
divide  the  circumference  of  this  circle  into  as  many  parts  as 
the  wheel  is  to  have  curves,  this  will  depend  upon  the  ratio 
the  velocities  of  the  wheels  are  to  hear  to  each  other;  tlius,  if 
it  is  to  turn  twice  for  once  of  the  pin  wheel,  there  must  be  half 
as  many  curves  as  there  are  pins;  therefore  in  the  drawing, 
the  circle  A  R  T  is  to  be  divided  into  G,  and  each  sixth  is  sub- 
divided into  as  many  C(|ual  parts  as  the  spaces  C  and  U  were 
»ir.  eight.  These  spaces  are  to  he  numbered  as  shewn.  Wi.h 
this  preparation  proceed  to  set  out  the  curies,  by  taking  the 
radius  A  D  in  the  compasses,  and  setting  one  point  in  the  divi- 
sion marked  3,  between  T  and  A  ;  make  a  ni;irk  at  ,  upon  the 
external  circle,  also  numbered  3,  tow  ards  that  side  where  the 
curve  wheel  is  to  be  elevated,  (by  side,  in  not  meant  side  of  the 
wheel,  but  side  of  the  position  of  the  wheel,  or  of  absolute 
space,  as  the  wheel  changes  in  turning,  and  what  is  high  in  one 
instance  is  low  in  the  next,)  because  it  passes  through  the  divi- 
sion 3,  between  IJ  and  C.  This  mark  will  be  the  first  point  of 
one  of  the  curves.  Then,  from  the  division  4,  mark  the  circle 
4  for  the  second  point;  next  from  the  point  .0  to  the  circle  ,'>; 
and  so  on  through  the  whole  number  of  circles.  This  wjJI  hnd 
a  number  of  points,  forming  a  curve  G  C  x,  nliicii  will  be  the 
centre  line  of  the  intended  groove.  And  to  find  its  breadth, 
describe  small  circles  round  each  of  these  points,  rather  larger 
than  the  pins,  as  drawn.  The  edges  of  the  grooves  may  then 
be  drawn  as  tangents  to  these  circles.  The  succeeding  curves 
H  and  I  are  found  in  exactly  the  same  manner  from  the  suc- 
ceeding oivisions  on  the  great  circle,  beginning  on  the  division 
3,  between  A  R,  and  so  on  all  round.  On  the  opposite  side  of 
the  circle  are  shewn  curves  ;/  h  i,  proper  for  giving  the  curve 
wheel  an  equal  velocity  with  the  pin  wheel,  and  there  will 
therefore  be  twelve  of  these  curves  in  the  whole.  The  prepa- 
ration is  exactly  the  same,  but  the  ^reat  circle  instead  of  six 
is  divided  into  twelve,  as  at  the  points  a  r  and  /,  and  each  of 
these  are  subdivided  into  eight  (or  the  same  number  as  between 
d  and  C  ;)  then  the  curves  are  set  out  from  these  points  exactly 
as  before:  in  both  these  cases  the  wheels  arc  considered  as 
revolving  in  the  same  direction,  as  shewn  by  the  arrows  figs.  1 
and  5.  If  it  is  rcquiri'd  that  they  should  turn  each  other  in 
opposite  directions,  the  curves  must  be  reversed,  as  shewn  in 
fig.  2.  To  set  out  these  curves,  the  same  lines  and  divisions 
as  in  fig.  4  are  used;  but  the  division  between  T  A  and  A  R 
must  he  figured  the  contrary  way,  namely,  beginning  at  R  and 
proceeding  to  A  ;  then  setting  one  foot  of  the  compasses  at  5, 
between  A  .nnd  H,  and  th<;  other  leg  in  the  first  circle  (marked 
3)  towards  that  side  where  it  is  meant  to  be  elevated,  and  as 
one  leg  is  moved  towards  T,  move  the  other  leg  towards  the 
centre;  and  for  the  next  curve  begin  with  the  next  same  num- 
ber towards  T,  and  so  on,  and  mark  as  before.  A  reverse 
curve  will  here  be  produced,  as  shewn  doited  at  IC  in,  and  a 
wheel,  constructed  with  these  curves,  as  in  fig.  2,  will  tiirn  in 
a  contrary  direction  to  the  pin  wheel,  as  shewn  by  the  arrows. 
20. 


"Fig.  3  represents  a  curve  wheel,  with  six  curves,  which 
therefore  revolve  tw  ice  for  once  of  the  pin  w  heel ;  but  the  curves 
are  so  arranged,  that  for  two-thirds  of  its  revolutiun  the  curve 
wheel  revolves  at  the  rate  of  four  to  one  of  the  pin  wheel,  viz. 
while  the  pins  are  acting  in  the  curves  G  and  K,  the  four  re- 
maining curves  I  L  M  II  are  close  together,  and  the  action  of 
tlie  pins,  when  in  them,  only  advances  the  curve  wheel  double 
the  space  of  the  pin  wheel;  but  the  motion  of  Ihe  curve  wheel, 
even  while  Ihe  pins  are  acting  in  these  grooves,  may  be  made 
irregular,  to  almost  any  required  law;  thus,  at  the  external 
parts  I  L  M,  where  the  pins  first  enter,  the  grooves  are  curved 
the  same  as  fig.  2,  and  therefore  ihe  pins  will  in  these  positions 
turn  the  curve  wheel  Iwice  as  fast  as  they  move  themselves, 
but  on  entering  and  moving  through  the  returned  parts  i  /  m  of 
the  curves,  the  pin  communicates  a  recoiling  motion  to  the 
curve  wheel,  which  coniinues  till  the  pin  enters  the  last  por- 
tions t  V  «•,  and  at  the  same  time  a  succeeding  pin  enters  the 
next  curve ;  this  again  actuates  the  curve  wheel,  as  in  the  first 
instance. 

"This  wheel  is  set  out  on  the  same  principle  as  the  others, 
see  fig.  G,  which  is  prepared  exactly  as  before,  except  the  divid- 
ing of  the  great  circle,  w  hieli  mu-it  in  all  cases  be  done  accord- 
ing to  the  motion  the  curve  wheel  is  intended  to  have  given  to 
it;  in  the  present  instance  it  is  first  divided  in  3,  at  A  R  S,  and 
ea('h  of  these  subdivided  into  eight;  then  from  No.  3,  between 
l\  and  A,  mark  on  the  outside  circle  3;  from  4  to  the  circle  4; 
and  so  on  till  the  curve  G  is  brought  as  far  as  the  next  eircle 
marked  3,  from  which  place  only  move  the  leg  in  the  large  cir- 
cle half  a  division;  then  set  out  K,  by  following  the  same  pro- 
cess on  another  part  of  the  great  circle,  excepting  that  the  leg 
in  the  large  circle  is  continually  to  be  moved  a  whole  division. 
To  obtain  the  four  other  curves,  lake  the  space  from  fig.  3  m 
to  3  q,  which  is  onc-lhird  of  the  whole  circle,  and  divide  it  into 
four,  viz.  at  m  n  o  p  r/ ;  then  cac-h  of  these  spaces  being  sob- 
divided  into  four,  as  shewn  by  the  figures  40,  50,  and  60,  pro- 
duce the  curves  thus:  begin  at  m,  and  mark  on  the  external  cir- 
cle for  the  first  division  of  II,  then  from  40  mark  on  the  circle  4, 
and  continuing  this  till  six  circles,  towards  the  centre,  arc 
marked,  and  the  curve  H  is  finished;  this  will  have  brought 
Ihe  compasses  to  one  division  beyond  n;  for  the  returned  part 
/(  mark  the  two  next  circles  towards  the  centre,  and  by  return- 
ing one  division  for  each  in  the  large  circle,  this  brings  the 
compasses  back  to  GO,  and  advancing  from  that  point,  begin 
the  interior  part  ic,  and  also  the  part  M  of  the  next  curve,  which 
is  compleled  by  a  repetition  of  the  same  process  on  the  suc- 
ceeding part  of  the  circle,  as  is  likewise  L  and  I  i;  but  the  in- 
terior end  .r  of  the  latter  must  be  set  out  fiom  the  great  divi- 
sions of  the  circle  R  S ;  thus,  when  Ihc  part  i  is  ended  from  69 
IK  xt  to  r/  3,  advance  the  compasses  to  llie  points  4,  5,  C,  and  7, 
for  marking  Ihe  successive  circles  till  the  curve  is  completed. 

"This  is  given  only  as  an  example  of  the  manner  of  making 
a  wheel  to  turn  with  any  required  degree  of  irregularity  in  its 
motion;  but  I  claim  all  varieties  of  curves  which  may  be  made 
to  act  on  the  principles  I  have  described,  to  communicate  re- 
gular or  irregular  motion  from  the  pins  of  a  wheel." 

COHESION,  that  species  of  attraction,  which,  uniting  par- 
ticle to  particle,  retains  together  the  component  parts  of  the 
same  mass;  being  thus  distinguished  from  ail/iesion,  or  that 
species  of  attraction  which  takes  place  between  the  surfaces  of 
similar  or  dissimilar  bodies. 

Whatever  m:iy  be  the  cause  of  cohesion,  ils  effects  are 
evident  and  certain,  and  Ihe  difiercnt  degiees  of  it  is  what 
constitute  bodies  of  dilTcrent  forms  and  properties  ;  at  least, 
this  is  Ihe  opinion  of  Sir  Isaac  Newton,  and  other  eminent 
philosophers. 

Various  experiments  have  been  made  by  dilTerenl  authors,  to 
ascertain  Ihc  power  of  cohesion,  in  bodies  of  difiercnt  textures  ; 
as  woods,  metals,  glass,  &c.  These  experiments  have  generally 
been  made  on  cylindric  bars,  an  inch,  or  certain  parts  of  an 
inch,  in  diameter  ;  and  as  it  has  been  proved,  Ihat  the  direct 
cohesive  strength  of  a  body  is  in  Ihe  joint  ratio  of  its  primitive 
elasticity,  toughness,  and  area  of  its  seetinn,  it  follows,  Ihat 
having  ascertained  the  cohesive  power  with  any  given  section, 
the  same  may  be  found  for  Ihe  same  substance  for  any  other 
section,  ami  thus  Ihc  experiments  of  dill'crcut  authors  coiU" 
pared  with  each  other. 
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The  following  talile  shews  tlie  weights  which  were  necessary 
to  tear  asunder  rods  of  difiercnt  substances,  wliose  bases  were 
each  a  square  inch,  the  weights  beiug  applied  in  the  direction 
of  tlieir  length. 


MFTALS  lbs.  Avoirdupois. 

Steel 135000 

Iron  bar, 74000 

Cast  iron 50100 

Copper,  cast 28600 

Silver,  ditto, 41500 

Gold,     ditto, 220C0 

Tin,        ditto, 4000 

Bismuth 2900 

Zinc, 2600 

Antimony 1000 

Lead,  cast, 860 


WOODS  lbs.  Avoirdupois. 

Beech,  oak, 17300 

Alder 1.3900 

Elm 13200 

Mulberry 12500 

Willow,". 12500 

Ash 12U00 

Plum, 11800 

Elder, 10000 

Fir 8330 

Pitch,  pine 7650 

Cypress, 6000 

Poplar, 5500 

Cedar, 4880 

Other  experiments  have  been  made  to  ascertain  the  strensth 
of  cohesion  in  bodies,  when  placed  horizontallj',  and  loaded 
with  weights  in  dillerent  parts;  but  as  we  shall  have  occasion 
to  return  to  this  subject  under  the  article  Strength  oi  Mate- 
rials, we  shall,  in  this  place,  merely  state  the  result  of  jVIuschen- 
brock's  experiments  on  a  few  of  llie  most  common  woods.  For 
this  purpose  lie  fixed  pieces  of  wood,  by  one  end,  into  a  square 
hole  in  a  metal  plate,  and  hunit  weights  towards  the  other  end, 
till  tliey  broke  at  the  hole.  The  weights,  and  their  distances 
from  the  point  of  support,  are  sliewu  in  the  follow  ing  table  :^- 

WOODS.  Dist.  in  Inches.  Weight  in  oz. 

Pine 9i  36i 

Fir 9  40 

Beech 7  56.i 

Elm 9  44 

Oak, 8i  48 

Elder, 9J  48 

In  the  above  table  the  rods  were  rectangular  parallclopipe- 
dons,  and  the  side  of  their  square  section  -26  of  an  inch. 

Coulomb  found  the  lateral  cohesion  of  brick  and  stone 
only  ^  more  than  the  direct  cohesion  ;  which,  fur  stone,  was 
2151b.  for  a  square  inch;  for  good  brick,  from  280  to  3tiO. 
Count  Ruiiiford  found  the  cohesive  strength  of  a  cylinder  of 
iron,  an  inch  in  diameter,  63466,  or  63173  lb.  ;  the  mean.  63320  ; 
which  is  only  ,'5  more  than  Emerson's  result.  Sickingen 
makes  the  comparalive  cohesive  strength  of  gold,  1509.55;  of 
silver,  190771  ;  of  plalina,  262361  ;  of  copper,  304696;  of  soft 
iron,  362927;  of  hard  iron,  559880.  Guy  ton  makes  platiiia  a 
little  stronger. 

COILING,  is  a  sort  of  serpentine  winding  the  ropes,  by 
•which  they  occupy  a  small  space,  and  are  not  liable  to  be 
entangled  amongst  one  another  in  working  the  sails.  Each 
winding  of  Ihi'i  sort  in  a  calile  is  called  a  fake,  and  one  range 
of  fakes  is  called  a  tier;  tl:ore  are  generally  from  five  to  seven 
fakes  in  a  tier,  and  threeor  four  tiers  in  a  cable's  length  :  the 
small  ropes  are  frequently  coiled  by  hand,  and  hung  upon 
cleats  to  prevent  their  being  entangled  amongst  one  another, 
in  traversing,  contracting,  or  extending  the  sails. 

COINING,  the  art  of  making  money,  is  performed  either  by 
the  hammer,  or  the  mil!  and  steam-engine.  By  either  of  these 
methods  the  pieces  of  lupti'.l  are  stamped  or  struck  with 
punches  or  dies,  on  which  are  engraven  the  sovereign,  elTigies, 
arms,  legend,  &c.  The  puncheon  consists  of  a  highly  tempered 
piece  of  steel,  upon  which  the  coin  is  sunk  in  relievo,  and 
again  upon  the  matrix,  which  is  another  piece  of  steel  some 
four  inches  long,  formed  square  at  the  bottom,  and  rounded  at 
its  top.  The  moulding  of  the  border  and  letters  is  added  on 
the  matrix  with  small  and  sharp  steel  puncheons,  and  when  it 
i.s  thus  finished,  it  is  called  the  die.  In  coining  with  the  mill, 
the  bars  or  plates  of  gold  or  silver,  after  having  been  moulded, 
and  taken  out  of  the  mould,  are  scraped  and  brushed,  and 
passed  several  limes  through  the  mill  to  (lattcn  them,  and  bring 
them  to  the  just  thickness  of  the  specie  to  be  coined.  But  the 
plates  of  gold  are  heated  again,  and  quenched  in  water  before 
they  pass  fhrongh  the  mill,  which  renders  them  mure  ductile: 
those   of  silver  pass  the  mill  just  as  they  are,  without  any 


heating;  and  when  afterwards  heated,  they  are  left  to  cool. 
The  plates  thus  reduced  as  nearly  as  possible  to  their  thick- 
ness, are  cut  into  round  pieces  the  size  of  the  intended  specie. 
The  cutting  instrument  has  its  upper  end  formed  into  a  screw; 
which  being  turned  by  an  iron  handle,  lets  the  steel,  well 
sharpened,  in  form  of  a  punch-cutter,  fall  on  the  plates  ;  and 
thus  a  piece  is  punched  out.  These  pieces  are  now  adjusted, 
and  brought,  by  filing  or  rasping,  to  the  weight  of  the  regulated 
standard;  what  remains  of  the  plate  between  the  circles  is 
melted  again.  The  pieces  are  adjusted  in  a  fine  balance  ;  and 
those  too  light  are  separated  from  those  which  are  too  heavy  ; 
the  first  to  be  again  melted,  and  the  second  to  be  filed  down. 
The  mill  through  which  the  plates  pass  can  never  be  so  just 
but  there  will  be  some  inequality. 

The  pieces  are  called  blanks,  and  are  carried  to  the 
btanchhtff  or  whitcniiig-lwuse,  where  the  gold  pieces  have  their 
colour  given  them,  and  the  silver  ones  are  whitened.  This  is 
done  by  heating  them  in  a  furnace,  and  when  taken  out  and 
cooled,  boiling  them  successively  in  two  copper  vessels,  with 
water,  common  salt,  and  tartar,  and  after  that  scouring  thetn 
well  with  sand,  and  washing  them  with  common  water,  drjing 
them  over  a  wood  fire,  in  a  copper  sieve,  into  which  they  are 
put  when  taken  out  of  the  boilers.  In  England,  the  standard 
for  gold  is  eleven  parts  of  pure  metal  and  one  of  alloy;  for 
silver,  11  oz.  2dwts.  of  pure  silver,  and  ISdwts.  alloy,  making 
together  1  lb.  troy  weight. 

In  the  machinery  invented  for  coining,  by  the  late  Messrs. 
Boulton  and  Watt,  and  lately  introduced  into  the  Royal  Mint. 
London,  the  screw  presses  for  cutting  out  the  circular  pieces 
of  metal,  are  worked  with  great  facility,  and  both  the  edges 
and  the  faces  of  the  money  are  coined  at  the  same  time,  with 
such  superior  excellence,  and  cheapness  of  workmanship,  as 
will  prevent  clandestine  imitation,  except  in  a  very  limited 
degree  indeed.  By  means  of  this  machinery,  four  boys  can 
strike  30,000  pieces  of  money  in  an  hour :  the  machine  acting 
at  the  same  lime  as  a  register  in  keeping  an  unerring  account 
of  the  number  of  pieces  that  have  been  struck  ! — See  jMint. 

COKE,  a  preparation  of  fossil  coal,  whereby  it  is  deprived 
of  the  naptlia,  bitumen,  or  asphaltum,  it  may  contain,  so  that 
when  applied  to  certain  purposes,  it  may  not  communicate  a 
bad  flavour  or  bad  qualities.  Coke  is  made  in  very  large 
ovens,  principally  from  the  refuse  of  brush-coal,  with  which 
some  pits  abound  ;  the  coal  in  them  being  extremely  brittle, 
and  rarely  coming  away  in  large  pieces.  In  great  towns  which 
are  lighted  with  gas,  coke  is  obtained  in  great  abundance 
from  the  gas-works,  being  left  in  the  retorts  after  the  gas  is 
driven  olf  by  the  heat. 

COLD,  in  common  language,  denotes  the  sensation  which  is 
felt,  or  the  efiect  which  is  produced,  by  the  abstraction  of  heat; 
that  is,  heat  and  cold  are  opposite  to  each  other,  and  the 
existence  or  increment  of  the  one,  is  equal  to  the  w  ant  or  decre- 
ment of  the  other;  so  that  the  same  degree  of  temperature 
may  be  called  hot  or  cold,  according  as  it  is  compared  with  a 
colder  or  hotter  temperature.  Thus  the  climate  of  Great  Bri- 
tain is  a  cold  climate,  in  comparison  with  that  of  the  West 
India  islands  ;  and  a  hot  climate,  in  comparison  with  that  of 
Siberia.  If  a  man  warms  one  of  his  hands  near  a  fire,  whilst 
he  cools  his  other  hand  by  means  of  ice  ;  and  if  afterwards  he 
plunges  both  his  hands  in  a  basin  of  water  of  the  common 
temperature  of  the  atmosphere,  that  w  ater  will  feel  cold  to  the 
hand  that  has  been  heated,  and  hot  to  the  other  hand.  From 
this  it  appears,  that  cold  is  not  any  thing  real,  but  merely  a 
privation  of  heat;  so  that  instead  of  saying,  that  a  body  has 
been  cooled  to  a  certain  degree,  it  may  with  eiptal  truth  and 
propriety  be  said,  that  the  body  has  been  deprived  of  heat  to 
that  certain  degree.     See  FuiuziNG. 

Notwithstanding  the  simplicity  of  this  theory,  and  the  con- 
viction which  seems  to  accompany  it,  philosophers  have  oftea 
entertained  doubts  concerning  it;  and  they  have  endeavoured 
to  inquire  into  the  real  state  of  the  matter,  by  devising  experi- 
ments capable  of  demonslraling  whether  the  cause  of  heat  was 
any  thing  real,  and  that  of  cold  only  a  privation  or  diminution 
of  the  former  ;  or,  vice  versa,  w  hether  (he  cause  of  cold  was  any 
thing  real,  and  that  of  heat  a  diminution  ;  or.  lastly,  whether 
the  production  of  heat,  and  the  production  of  cold,  were  not 
owing  to  two  distinct  principles  or  elements.     On  the  supposi- 
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tion  that  the  cause  of  one  of  those  effects  only  is  real,  it  is  much 
more  natural  to  suppose,  that  tlie  cause  of  heat  is  the  real  prin- 
ciple or  element;  since  its  ellccts,  viz.  enlargement  of  the  bulk 
of  bodies,  the  separation  of  their  parts,  &c.  are  such  as  must 
be  produced  by  the  introduction  of  something  real;  and  the 
abstraction  of  this  principle  may  naturally  produce  the  ellccts 
of  cold,  such  as  contraction  of  the  bulk  of  bodies,  agglutination, 
&c. ;  whereas  it  would  be  unnatural  to  suppose,  that  a  body 
contracts  its  bulk,  as  its  parts  come  into  closer  contact,  because 
something  else  has  been  introduced  amonsst  lliem.  With 
respect  to  the  last  supposition,  viz.  whether  the  ellV-cts  of  heat 
and  those  of  cold  be  not  owing  to  two  distinct  principles,  a  few 
arguments,  and  the  equivocal  result  of  a  few  experiments, 
have,  at  times,  been  adduced  in  support  of  it.  But  the  general 
and  prevailing  opinion  among  the  philosophers  is,  that  a  single 
element,  called  caloric,  produces  heat,  or  the  effects  of  expand- 
ing bodies  separating  tlieir  parts,  &c.  ;  and  that  cold  is  only  a 
relative  expression  ;  that  is,  meaning  only  the  decrement  of 
Iieat ;  so  that  real  or  absolute  cold  consists  only  in  the  total 
abstraction  of  caloric;  and,  that  such  a  point,  viz.  the  zero  of 
heat,  may  be  determined,  has  been  shewn  by  the  experiments, 
the  discoveries,  and  the  calculations  of  Irvine,  lilack,  Craw- 
ford, and  others  ;  but  it  is  impossible,  in  this  place,  to  enter 
into  an  investigation  of  the  methods  made  use  of  in  deter- 
mining this  remarkable  point.     See  Ice. 

COLEOPTERA,  the  beetle  tribe  of  insects,  comprehending 
all  those  with  four  wings,  the  external  pair  of  which  are  hard, 
rigid,  and  opaque,  forming  a  kind  of  covering  for  the  inner. 
There  are  56  genera  of  this  order. 

COLIC,  a  severe  pain  in  the  lower  venter,  so  called  because 
the  disorder  was  thought  formerly  to  be  in  the  colon.  There 
are  dillerent  kinds,  as  the  windy  colic,  the  bilious,  the  hysteric, 
the  nervous,  and  tlie  Devonshire  colic. 

COLLAR,  an  ornament  consisting  of  a  chain  of  gold,  with 
devices  and  ciphers,  worn  by  the  knights  of  the  dillerent 
orders.  Collar  of  a  ship,  is  a  rope  fastened  about  the  beak- 
head,  into  which  the  dead-man's  eye  is  seized  that  holds  the 
main-stay;  also  the  rope  wound  tibout  tliu  head  of  the  main- 
mast. 

COLLATERAL,  those  relations  which  proceed  from  the 
same  stock,  bui  not  in  the  same  ascending  or  descending  line. 

COLL,\TION,  is  the  giving  or  bestowing  of  a  benefice  on  a 
clergyman  by  the  bishop,  who  is  the  patron  tliercor. 

COLLIMATION,  Line  or,  on  a  telescope,  is  a  line  passing 
through  the  intersection  of  those  wires  that  are  fixed  in  the 
focus,  and  the  centre  of  the  object-glass. 

COLLISION,  in  Mechanics  and  Physics,  is  the  meeting  and 
mutual  striking  of  two  or  more  bodies,  one  of  which,  at  least, 
is  in  motion.  The  most  simple  of  the  problems  relating  to 
collision  was  that  of  a  body  proceeding  to  strike  against 
another  at  rest,  or  moving  before  it  with  less  velocity,  or 
approaching  towards  it.  In  the  mutual  percussion  of  several 
bodies,  the  absolute  quantity  of  motion  of  the  centre  of  gravity 
is  the  same  after  as  before  the  shock.  Farther,  w  hen  the  bodies 
are  elastic,  the  relative  velocity  is  the  same  after  as  before 
percussion.  All  this,  however,  is  upon  the  supposition,  that 
bodies  arc  cither  perfectly  hard,  or  pcrl'eelly  elastic  ;  but  as 
tliere  do  not  exist  in  nature  any  bodies  which  we  know  of, 
either  the  one  or  the  other  of  these  kinds,  the  usual  theories  arc 
of  little  or  no  service  in  practical  malhcmaljcs. 

COLLYRIUM,  a  topical  remedy   for  iiillammations  of  the 

eyes.     The  best  is  a  small  portion  of  brandy  and  spring  water. 

COLONNADE,   in  Architecture,   a  peristyle  of  a  circular 

figure,  or  a  series  of  columns  disposed  in  a  circle,  and  insulated 

withinside. 

COLOUR,  in  Natural  Philosophy,  is  that  property  of  bodies 
which  allcct'i  the  sight  only  ;  or  that  property  possessed  by 
the  elementary  rays  of  light,  separated  by  any  means  whatever, 
of  exciting  in  us  (lilferent  sensations  according  to  their  did'erent 
refrangibilily.  Thus  colourmay  be  consi<lcrcd  in  two  respects, 
as  it  regards  bodies  in  general,  and  as  it  is  produced  by  solar 
light.     See  Optics. 

Before  the  time  of  Newton,  the  ideas  of  mankind  concerning 
colour  were  very  vague  and  unsatisfactory.  The  Pythagoreans 
called  colour  the  superficies  of  bodies  :  Plato  saici  that  it  was 
a  flame  i^isuing  from  them  :  according  to  Zeuo,  it  was  tlie  first 


configuration  of  matter  :  and  Aristotle  said  it  was  that  which 
made  bodies  actually  transparent, 

Dr.  Hooke  imagined,  that  colour  is  caused  by  the  sensation 
of  the  oblique  or  uneven  pulses  of  light  ;  which  being  capable 
of  no  more  than  two  varieties,  he  concluded  there  could  be  n'> 
more  ihan  two  primary  colours.  It  was  also  an  opinion,  tliat 
the  solar  light  was  simple  and  uniform,  without  any  difierence 
or  variety  in  its  parts,  and  that  the  diflercnt  colours  of  object! 
were  made  by  refraction,  reflection,  or  shadows.  But  Newton 
taught  then)  the  errors  of  their  former  o|)inions  ;  he  taught  them 
to  dissect  a  single  ray  of  light  with  the  minutest  precision,  and 
demonstrated  that  every  ray  was  itself  a  composition  of  several 
rays  all  of  different  colours,  each  of  which  when  separate  held 
to  its  own  nature,  simple  and  unchanged  by  every  experiment 
that  could  be  tried  upon  it.  Or,  to  be  more  particular,  light 
is  not  all  similar  and  bomogeneal,  but  compounded  ofhetero- 
geneal  and  dissimilar  rays,  some  of  which,  in  like  instances, 
being  more  refrangible,  and  others  less  refrangible,  and  those 
which  arc  most  refrangible  arc  also  most  reflexibic  ;  and 
according  as  they  differ  in  refrangibility  and  refiexibility,  they 
are  endowed  with  the  power  of  exciting  in  us  scusalions  of 
different  colours. 

Newton's  theory  of  light  and  colours  is  striking  and  beautiful 
in  itself,  and  deduced  from  clear  and  decisive  experiments. 
1st.  That  lights  which  differ  in  colour,  differ  also  in  derrees  of 
refrangibility.  2d.  That  the  light  of  the  sun.  notvvithstanding 
its  uniform  appearance,  consists  of  rays  differently  refrangible. 
3d.  That  those  rays  which  are  more  rerrangil)le  than  others, 
are  also  more  refiexible.  4tli.  That  as  theravsof  li;;ht  diffei 
in  degrees  of  refrangibility  and  refiexibility,  so  they  also  diller 
in  their  disposition  to  exhibit  this  or  that  particular  colour  ; 
and  that  colours  are  not  qualifications  of  light  derived  from 
refractions  or  rcnections  of  natural  bodies,  as  was  generally 
believed,  but  original  and  connate  properties,  which  are 
different  in  different  rays,  some  rays  being  disposed  to  exhibit 
a  red  colour  and  no  other,  and  some  a  green  and  no  other,  and 
so  of  the  rest  of  the  prismatic  colours,  utii.  That  the  lit;lit  ol 
the  sun  consists  of  violet- making,  indigo-making,  blue-making, 
green-making,  yellow-making,  orange-making,  and  red-making 
rays  ;  and  all  of  these  arc  different  in  their  degrees  of  refran- 
gibility and  refiexibility;  for  the  rajs  which  produce  red 
colours  are  the  least  refrangible,  and  those  that  make  the  violet 
the  most  ;  and  the  rest  are  more  or  less  refrangible  as  they 
approach  cither  of  these  extremes,  in  the  order  already  men- 
tioned ;  that  is,  orange  is  least  refrangible  next  to  red,  jellow 
next  to  orange,  and  so  on  ;  so  that  to  the  same  degree  of  refran- 
gibility there  ever  belongs  the  same  colour,  and  to  the  same 
colour  the  same  degree  of  refrangibilily.  Clli.  Every  bomoge- 
neal ray,  considered  apart,  is  refracted  according  to  one 
and  Ihesame  rule,  so  that  its  sine  of  incidence  is  to  its  sine  of 
refraction  in  a  given  ratio  ;  that  is,  every  dillerent  coloured  ray 
has  a  different  ratio  belonging  to  it.  7tli.  Tlie  species  of  colour, 
and  degree  of  refrangibility  and  refiexibility,  proper  to  any 
particular  sort  of  rays,  is  not  mutable  by  reficction  or  refrac- 
tion from  natural  bodies,  nor  by  any  other  cause  that  has  been 
yet  observed.  When  any  one  kind  of  ravs  has  been  separated 
from  those  of  other  kinds,  it  has  obstinately  retained  its  colours, 
notwithstanding  all  endeavours  to  bring  about  a  change.  8tb. 
Yet  seeming  transmutations  of  colours  may  be  made,  where 
there  is  any  mixture  of  divers  sorts  of  rays;  for,  in  such  mix- 
tures, the  component  colours  appear  not.  but.  by  their  mutually 
alloying  each  other,  constitute  an  intermediate  colour.  !)tli.  There 
are  therefore  two  sorts  of  colour,  the  one  original  and  simple, 
the  other  compounded  of  these  ;  and  all  the  colours  in  the  uni- 
verse are  either  the  colours  of  bomogeneal,  simple  light,  or 
compounded  of  these  mixed  together  in  certain  proportion.'. 
The  colours  of  simple  light  are,  as  wc  observed  before,  violet, 
indigo,  blue,  green,  yellow,  orange,  and  red,  together  with  an 
indefinite  variety  of  "intermediate  gradations.  Tlie  colours  ot 
compounded  light  are  dilfcrently  compounded  of  these  simple 
ravs.  mixed  in  various  proportions  :  thus  a  mixture  of  yellow- 
making  and  blue-making  rays  exhibits  a  green  colour,  and  a 
mixture  of  red  and  yellow  makes  an  orange  ;  and  in  any  colour 
the  same  in  specie  with  the  primary  oires,  may  be  produced  by 
the  composition  of  the  two  colours  next  adjacent  in  the  s.  ries 
1  of  colours  generated  by  the  prism,  whereof  the  ouc  is  ucm 
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more  refrangible,  and  the  otlicr  next  less  refrangible.  But 
this  is  not  the  case  with  those  which  are  situated  at  too  great  a 
distance;  orange  and  indigo  do  not  produce  tlie  intermediate 
preen,  nor  scarlet  and  green  the  intermediate  yellow.  10th. 
The  most  surprising  and  wonderful  composition  of  light  is  that 
of  whiteness  ;  there  is  no  one  sort  of  rays  which  can  alone 
exhibit  that  colour ;  it  is  ever  compounded,  and  to  its  composi- 
tion all  the  aforesaid  primary  colours  are  rcf]uisite.  11th.  As 
whiteness  is  produced  by  a  copious  rellection  of  rays  of  all 
sorts  of  colours,  wlicn  there  is  a  due  proportion  in  the  mixture  , 
so.  on  tlie  contrary,  blackness  is  produced  by  a  sufl'ocatiori  and 
absorption  of  the  incident  light,  which  being  stopped  and  sup- 
pressed in  the  black  body,  is  not  reflected  outward,  but 
reflected  and  refracted  within  the  body  till  it  be  stilled  and 
lost. 

This  method  of  accounting  for  the  different  colours  of  bodies, 
from  their  reflecting  this  or  that  kind  of  rays  most  copiously,  is 
so  easy  and  natural,  that  his  system  quickly  overcame  all 
objections,  and  to  this  day  continues  to  be  almost  universally 
believed.  It  is  now  commonly  acknowledged,  that  the  light  of 
the  sun,  which  to  us  seems  perfectly  homogeneal  and  white,  is 
composed  of  no  fewer  than  seven  different  colours,  vi:.  red, 
orange,  yellow,  green,  blue,  purple,  and  violet  or  indigo.  A 
body  which  appears  of  a  red  colour,  has  the  projierty  of 
reflecting  the  red  rays  more  powerfully  than  any  of  the  others; 
and  so  of  the  orange,  yellow,  green,  &c.  A  body  which  is  of  a 
black  colour,  instead  of  reflecting,  absorbs  all,  or  the  greatest 
part  of  the  rays  that  fall  upon  it;  and,  on  the  contrary,  a  body 
which  appears  white,  reflects  the  greatest  part  of  the  rays 
indiscriminately,  without  separating  the  one  from  the  other. 

Colours  used  in  Druiiiiiff  and  Paintivr/. — Red  Colours  are: 
Lakes.  This  term  denotes  those  colours  which  are  formed  by 
the  combination  of  alumine,  or  the  oxide  of  tin,  with  the  colour- 
ing matters  of  vegetables.  The  lakes  chiefly  used  are  red 
colours,  of  difl'erent  f|ualities,  according  to  the  basis  and 
colouring  matter  employed;  and  are  known  by  the  names  of 
Carmine,  Florence-lake,  and  IMadder-lahe. 

Carmine,  a  very  rich  bright  crimson  colour,  stands  well  in 
water.  For  the  preparation  of  carmine,  take  four  ounces  of 
finely-pulverized  cochineal,  which  pour  into  four  quarts  of  rain 
or  distilled  water,  boiled  previously  in  a  /Jcic^e)- kettle,  and  boil 
the  whole  for  six  minutes  ;  add,  during  the  boiling,  tw  o  drachms 
of  pulverized  crystals  of  tartar.  Eight  scruples  of  Roman 
alum,  in  powder,  must  be  then  added,  and  the  whole  be  kept 
on  the  fire  one  minute  longer.  As  soon  as  the  gross  powder 
has  subsided,  and  the  decoction  become  clear,  decant  it  into 
large  cylindrical  glasses  covered  over,  and  kept  undisturbed 
till  a  fine  powder  is  observed  to  have  settled  at  the  bottom. 
Then  pour  off  the  liquor  from  this  powder,  which  is  to  be 
gradually  dried.  From  the  liquor  still  coloured,  the  rest  of  the 
colouring  matter  may  be  separated  by  the  solution  of  tin,  when 
it  yields  a  carmine  little  inferior  to  the  former. 

Florentine-lake,  the  kind  in  general  use,  and  known  by  the 
name  of  lake,  is  used  in  water,  and  also  in  oil,  but  does  not 
stand  ;  it  is  a  very  beautiful  colour  at  first,  and  there  is  no 
substitute  that  will  completely  answer  the  pui  poses  of  lake. 
The  best  sort  is  prepared  from  the  sediment  of  cochineal  that 
remains  in  the  kettle  after  making  carmine,  adding  a  small 
quantity  of  cochineal  or  brazil-wood,  and  precipitating  the 
colouring  matter  with  a  solution  of  tin. 

Madder-lake,  a  colour  lately  brought  into  use,  is  not  so 
bright  and  rich  a  colour  as  the  last-mentioned  lakes.  It  has 
this  valuable  advantage,  it  stands  much  better,  and  answers 
raanv  of  the  purposes  of  Florence-lake. 

Rose-lake,  generally  called  rose-pink,  is  made  by  a  basis 
of  chalk,  coloured  by  Brazil  or  Campcachy  wood.  It  does 
not  stand,  and  is  only  used  for  house-painting  and  paper- 
hanging. 

Vermilion,  is  a  bright  scarlet  pigment,  formed  from  sulphur 
and  quicksilver  ;  its  brightness,  and  inclining  to  a  crimson  hue, 
denotes  its  goodness.  It  is  a  very  useful  colour  in  oil,  and 
stands  well ;  but  as  a  water-colour  it  is  apt  to  turn  black. 

Red  lead  or  minium,  is  lead  calcined  till  it  acquires  a  red 
colour,  bv  exposing  it  with  a  large  surface  to  the  lire.  It  is 
also  made  from  tiiluirije,  a  calx  or  oxide  of  lead  ;  but  it  is  not 
BO  good  as  when  made  directly  from  metallic  lead.     This  colour 


is  apt  to  become  black,  both  in  wafer  and  oil.     It  is  therefore 
seldom  used,  but  for  very  coarse  purposes. 

Indian  red,  is  sometimes  used  instead  of  lake,  and  it  might 
be  useful,  had  it  not  the  property  of  appearing  stronger  after 
some  time.  Never  use  it  as  a  water  colour.  In  oil,  this  effect 
does  not  take  place. 

Venetian  red,  is  a  native  red  ochre,  rather  inclining  to  the 
scarlet  than  the  crimson  hue  ;  it  differs  little  from  the  common 
Indian  red.     It  is  fouler,  and  chiefly  used  by  house-painters. 

Spanish  brown,  an  earthy  substance,  found  in  the  same  state 
in  which  it  is  used;  is  nearly  of  the  same  colour  as  Venetian- 
red,  but  coarser.  It  is  only  used  for  the  commonest  purposes, 
though  it  does  not  change. 

Light  red,  or  burnt  ochre,  is  common  yellow  ochre,  heated 
red-hot,  till  the  colour  changes  from  a  yellow  to  a  red.  It  is 
an  excellent  colour,  both  in  water  and  oil,  having  the  quality 
of  standing  well. 

Red  clialk,  the  same  substance  used  for  drawing  on  paper, 
in  the  manner  of  a  crayon,  is  very  much  like  light  red,  and  is 
used  instead  of  it,  for  some  purposes.  It  stands  well,  and  is 
used  both  in  water  and  oil. 

Burnt  Terra  di  Sienna,  made  by  calcining  raw  terra  di 
Sienna  till  it  acquires  a  red  colour,  a  very  rich  tint,  and  much 
used  in  water  and  oil.  as  it  stands  well  in  both. 

Blue  Colours.  —Ultramarine,  is  prepared  from  lapis  lazuli,  by 
calcining  and  washing  it  very  clean.  When  genuine,  it  is  the 
brightest,  the  most  beautiful  of  all  colours,  and  stands  well.  It 
is  much  valued,  and  used  in  oil,  and  means  have  been  found  to 
levigate  it  sufficiently  for  water-colour  drawings. 

Ultramarine  ashes,  the  residuum  after  washing  the  lapis 
lazuli,  in  which  a  portion  of  the  ultramarine  still  remains,  is 
very  subject  to  be  adulterated,  and  not  so  bright  as  ultrama- 
rine, being  like  that  colour  with  a  tint  of  red  and  white  in  it, 
yet  when  genuine  it  stands  well. 

Prussian  blue,  is  iron  combined  with  prussic  acid.  It  is 
made  in  the  following  manner: — Two  parts  of  purified  potash 
are  intimately  blended  with  three  parts  of  dried  and  finely 
pulverized  bullock's  blood.  The  mass  is  first  calcined  in  a 
covered  crucilde,  on  a  moderate  fire,  till  no  more  smoke  or 
flame  appear;  after  this,  it  is  brought  to  a  complete,  yet 
moderate  ignition.  Or  equal  parts  of  potash  and  finely  pow- 
dered coals,  prepared  from  bones,  horns,  claws,  &c.  are 
mingled,  and  heated  in  a  covered  crucible  to  a  moderatft 
redness.  Either  of  these  two  calcined  masses  is,  after  cooling 
lixiviated  with  boiling  w ater,  and  the  lixivium  filtered.  Nothing 
remains  now  hut  to  make  a  solution  of  one  part  of  green  vitriol 
and  two  pans  of  alum  ;  and  to  add  to  it,  while  yet  hot,  the 
above  lixivium,  little  by  little  however,  and  to  separate  the 
greeuish-blue  precipitate,  which  then  forms,  by  means  of  a 
filtre.  If  afterwards  a  slight  quantity  of  diluted  muriatic  acid 
be  nffused  upon  this  precipitate,  it  assumes  a  beautiful  dark 
blue  colour.  The  operation  is  terminated  by  edidcorating 
and  drjing  the  pigment  thus  prepared.  Prussian  blue  is  an 
extremely  beautiful  colour  when  properly  prepared,  and  stands 
tolerably  well.  Common  Prussian  blue  is  apt  to  contain  some 
iron,  which  causes  it  to  turn  greenish  or  olive. 

Verditer,  a  blue  pigment,  obtained  by  adding  chalk  or 
whitening  to  the  solution  of  copper  in  aquafortis,  is  prepared 
by  the  refiners,  who  employ  for  this  purpose  the  solution  of 
copper,  which  they  obtain  in  the  process  of  parting,  by  preci- 
pitating silver  from  aquafortis  by  plates  of  copper.  Common 
verditer  is  made  in  Sheflield  and  Birmingham,  from  the  sulphate 
of  copper.  Verditer  is  only  used  for  coarse  purposes,  and 
chiefly  by  paper-stainers.  It  has  been  sometimes  called 
Sanders  blue,  from  the  term  ccndres-blues,  or  blue  ashes. 

Indigo,  extracted  from  a  plant  called  the  anil,  that  grows  in 
the  East  and  West  Indies,  is  not  so  bright  as  Prussian  blue, 
but  it  has  the  advantage  of  being  more  durable.  It  is  the  blue 
generally  used  in  drawings.  It  cannot  be  dissolved  by  water, 
but  may  by  the  sulphuric  acid  ;  it  then  forms  Scott's  liquii! 
blue,  used  for  colouring  silk  stockings,  &c. 

Smalt  is  a  glass  covered  with  cobalt,  and  ground  to  a  fine 
powder.  Its  coarseness  prevents  its  being  used  much  for 
painting  in  oil  or  water.  It  is  employed  sometimes  by  strew- 
ing it  upon  a  ground  of  oil  paint.  It  is  also  used  in  enamel 
painting  and  the  colouring  ot  porcelain,  as  it  stands  well. 
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Bice,  is  smalt  more  finely  levigated. 

Yellow  CWoHis.— ludiaii  yellow,  the  brightest  of  all  yellows 
for  water-colours,  is  not  durable.  It  is  said  to  be  procured 
from  the  urine  of  the  bull'alo.  In  India,  it  is  a  common  and 
cheap  colour;  the  natives  using  it  for  colouring  their  calicoes, 
which  they  do  without  any  mordant,  so  that  the  colour  is  washed 
out  again  when  the  cloth  is  dirty. 

King's  yellow,  is  orpiment  nfined,  a  substance  dug  out  of 
the  earth,  and  consisting  of  sulphur  joined  to  arsenic;  it  may 
also  be  prepared  by  subliming  sulphur  with  arsenic.  It  is  of  a 
bright  yellow,  but  does  not  stand  well ;  it  is  a  strong  poison, 
and  great  caution  must  be  used  in  employing  it. 

Naples  yellow,  a  very  durable  and  bright  yellow,  comes 
from  Naples.     It  is  prepared  from  lead  and  antimony. 

Yellow  ochre,  an  earth  naturally  coloured  by  oxide  of  iron, 
is  a  cheap  colour,  and  not  very  bright,  but  valuable,  because 
it  stands  well.  Roman  ochre  is  a  superior  yellow  ochre,  of  a 
rich  tint. 

Dutch  pink,  formed  of  chalk,  coloured  with  the  jnieo  of 
French  berries,  or  other  vegetables  afl'ording  a  yellow  colour, 
does  not  stand,  and  is  cliielly  used  for  common  purposes. 

Gamboge,  a  gum  brought  from  the  East  Indies,  dissolves 
readily  in  water,  and  is  a  line  serviceable  yellow.  It  is  used 
only  in  water. 

Masticot,  an  oxide  of  lead,  prepared  from  calcining  white 
lead,  is  very  little  used,  the  colour  not  being  bright. 

Gall  stones.  This  is  a  hard  substance,  formed  in  the  gall- 
bladders of  oxen  ;  or  it  may  be  obtained  from  the  gall  of  other 
animals.     It  is  a  rich  colour,  but  does  not  stand. 

Raw  Terra  di  Sienna,  a  native  ochreous  earth,  brought  from 
Italy,  is  a  fine  warm  colour,  and  stands  well. 

French  berries.  A  li(iuor  may  be  extracted  from  these, 
useful  as  a  stain  for  coarse  purposes ;  but  it  does  not  keep  its 
colour. 

Turmeric  root  and  saffron,  maybe  used  for  similar  purposes. 

Orange-lake,  is  the  tinging  parts  of  arnatio,  precipitated 
together  with  the  earth  of  alum.     It  does  not  stand. 

Brown  pink,  is  the  tinging  part  of  a  vegetable  substance 
precipitated  upon  the  earth  of  alum.  It  is  a  rich  greenish 
yellow,  but  docs  not  stand. 

Green  Colours. — There  arc  few  colours  so  useful  as  green  ; 
and  it  is,  therefore,  the  practice  with  artists  to  form  (heir  greens 
by  the  mixture  of  blue  and  yellow,  and  by  varying  these,  a  vast 
variety  of  green  tints  arc  obtained. 

Sap  green,  is  the  concreted  juice  of  the  buckthorn  berries. 
It  is  used  only  in  water,  and  is  employed  chielly  in  llower- 
painting,  colouring  prints,  &c. 

Verdigris,  is  an  imperfect  oxide  of  copper,  combined  with 
a  small  portion  of  acetite,  carbonic  acid,  and  water.  It  is 
prepared  in  large  quantities,  chiefly  in  France,  near  Montpcl- 
lier,  by  stratifying  copperplates  with  the  husks  of  grapes,  yet 
under  various  fermentation,  which  soon  grow  acid,  and  corrode 
the  copper.  After  the  plates  have  stood  in  that  situation  for  a 
sufficient  time,  they  are  moistened  %vith  water,  and  exposed  in 
heaps  to  the  air.  The  verdigris  is  scraped  off  from  their  sur- 
face as  it  forms.  Verdigris  is  of  a  bluish-green  colour,  it  has 
no  body,  does  not  stand,  and  is  only  used  for  coarse  purposes  ; 
it  answers  best  in  varnishes. 

Distilled  verdigris,  sometimes  called  crystilis  verdigris,  is 
prepared  from  common  verdigris,  by  dissolving  it  in  vinegar. 
It  is  of  a  very  bright  green,  and  is  used  chiefly  for  varnishes, 
and  in  colouring  maps,  &c. 

Brown  Colours. — Bistre,  is  the  finer  part  extracted  from  the 
soot  of  burnt  wood.  It  is  used  alone  for  sketches  in  water- 
colours,  being  a  transparent  water  colour. 

Roman  bistre,  is  a  very  excellent  but  scarce  kind  of  bistre, 
imported  from  Rome. 

Cologne  earth,  a  mineral  substance  of  a  dark  blackish  brown 
colour,  is  a  very  usefid  pigment;  what  is  generally  sold  in  the 
shops  for  Cologne  earth  is  an  artificial  mixture. 

Raw  umbre,  a  native  ochreous  earth,  of  a  light  brown, 
stands  well. 

Hurnt  umbre,  is  only  the  last  mentioned  colour  calcined  in 
the  fire.  It  then  acquires  a  rich  deep  brown,  and  is  of  great 
ose,  being  a  fine  colour,  that  stands  well. 

Asphaltum,  used  in  oil,  is  of  a  very  rich  deep  brown.     It  is 


a  transparent  or  glazing  colour  that  will  not  work  in  water, 
but  when  dissolved  in  turpentine,  it  becomes  an  useful  sub- 
stance for  giving  deep  and  spirited  tonchcs  to  drauiiiirs.  The 
linens  in  which  the  Kgyptians  wrapped  their  mummies  were 
dipped  in  asphaltum. 

Wliile  Colours. — Flake  white,  is  an  oxide  of  lead,  formed  by 
corroding  lead  with  vegetable  acids,  or  vinegar. 

White  lead  is  the  same  as  flake  white,  but  of  an  inferior 
quality.  It  is  the  only  white  used  in  oil-painting,  and  is  there- 
fore a  very  useful  colour;  in  water  it  always  turns  black. 

Egg-shell  white,  and  oyster-shell  white,  are  only  egg-shells 
or  oyster-shells  calcined  ;  the  animal  gluten  is  thus  destroyed, 
leaving  the  lime  behind,  which  soon  attracts  the  carbonic  acid 
again  from  the  atmosphere.  Well-washed  Spanish  white,  or 
conmion  whitening,  answers  the  same  purpose. 

Permanent  white,  is  a  white  sold  in  the  shops  under  this 
name,  and  it  w  ill  not  change  ;  but  great  care  must  be  employed 
in  using  it,  as  it  is  made  from  barytcs,  a  deadly  poison. 

Black  Colours. — Lamp  black,  the  soot  of  oil,  collected  after 
it  is  formed  by  burning,  is  very  generally  used,  both  in  oil  and 
water,  and  stands  perfectly  well.  Ivory  black,  the  charcoal  of 
ivory  or  bone,  formed  by  giving  them  a  great  heat,  while  they 
arc  deprived  of  all  access  of  air:  it  is  used  both  in  oil  anil 
water.  Blue  black,  the  coal  from  burning  vine-stalks  in  a 
close  vessel,  is  like  ivory  black,  with  a  tint  of  blue. 

Imlian  Ink. — The  Indian  ink  is  used  in  China  for  writing 
with  a  brush,  and  for  painting  upon  the  soft  Chinese  paper. 
It  has  been  ascertained,  both  from  experiment  and  information, 
that  the  cakes  of  this  ink  are  composed  of  lamp  black  and 
size,  with  the  addition  of  some  perfuming  substances,  not 
essential  to  it  as  an  ink.  The  fine  soot  obtained  by  holding  a 
plate  over  the  llame  of  a  candle  or  lamp,  and  mixed  up  with 
clean  size,  makes  an  ink  in  every  respect  equal  to  the  Chinese. 

Colouring  I'rinls. — Persons  who  wish  to  colour  prints  should 
wash  Ihcm  first  with  alum  water,  which  will  prevent  the  colour 
fiom  sinking,  besides  giving  a  lustre  and  brightness  to  them. 
For  this  purpose,  boil  four  ounces  of  alum  in  a  quart  of  clear 
water,  till  the  alum  is  dissolved. 

Colour,  in  Plivsics,  a  property  inherent  in  light,  by  which 
it  excites  different  vibrations  in  the  optic  nerve,  and  which 
being  sent  to  the  sensorium,  affect  the  mind  with  difl'ereul 
sensations. 

COLOURING,  in  Painting,  the  art  of  disposing  the  tints  so 
as  to  produce  either  an  imitation  of  the  natural  colours  of  the 
objects  represented,  or  of  force  and  brightness  of  clleet. 

COLUBER,  a  genus  of  serpents,  of  which  there  are  ninety- 
seven  species. 

COLUMBA,  the  Pigeon,  a  genus  belonging  to  the  order  o( 
passeres,  of  which  there  are  about  seventy  species,  natives  of 
difl'ercnt  countries. 

COLUMBA  NOACHI,  Noah's  Dove,  is  one  of  the  new  con- 
stellations, situated  still  more  to  the  south,  directly  below 
Lepus;  and  it  lies  on  the  west  of  Argo  Navis  and  Cauis  Major, 
whence  its  place  in  the  heavens  may  be  easily  found.  There 
arc  twenty-six  stars  in  this  asterism  ;  one  of  these  is  of  the  2d 
magnitude,  one  of  the  ,3d,  two  of  the  4th,  &c. 

COLUMN,  in  Architecture,  a  round  pillar,  made  to  support 
and  adorn  a  building,  and  composed  of  a  base,  shaft,  and 
capital. 

Column,  in  the  Military  Art,  a  long  and  deep  file  of  troops  or 
baggage. 

COLURE.S,  in  Astronomy,  arc  two  great  circles  passing 
through  the  poles  of  the  world  ;  one  of  them  passes  through 
the  equinoclinl  points,  Aries  and  Libra;  the  other  through  the 
solstitial  points,  Cancer  and  Capricorn  ;  hence  they  are  called 
the  cquinoclial  and  solstitial  eolures.  They  divide  the  ecliptic 
into  (our  eijual  parts,  and  mark  the  four  seasons  of  the  year. 

COLYMBUS,  the  Diver,  in  Ornithology,  a  genus  of  anseres, 
of  whi<h  there  are  several  species. 

COMA,  a  preternatural  propensity  to  sleep,  which  however 
the  patient  cannot  cnjov,  but  wakes  again  immediately. 

COMA  BERENICES,  Berenices  ILiir.  Berenice  was  tho 
wife  of  Euergctcs,  a  king  of  Egypt  ;  and  when  he  went  upon  a 
danscrnus  expcdi(i(Ui,  she  vowed  to  consecrate  her  fine  head 
of  hair  to  Venus,  il  he  returned  in  safety.  Some  time  alter  the 
rcliirn  of  Euergetes,  the  locks,  which  were  hung  up  iu  tho 
3a 
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temple  of  Venus,  disappeared,  and  Conon,  an  astronomer, 
publici}'  reported  tliat  Jupiter  had  made  them  a  constellation. 
The  cluster  of  stars  composinp;  Coma  Berenices,  is  verj' 
remarkable,  there  being  so  many  of  the  4th  and  5th  magnitudes. 
The  boundaries  and  contents  of  this  asterism  are :  north  by 
Canes  Venatici,  east  by  Bootes,  south  by  Leo  and  Virgo,  and 
west  by  Leo  and  Ursa  Major.  This  constellation  contains  43 
stars,  ten  being  represented  of  the  4th  magnitude,  and  the 
remainder  of  less  magnitudes. 

COMB,  an  instrument  for  disentangling  flax,  wool,  hair,  &c. 
Combs  are  made  of  the  horns  of  bullocks,  of  elephant's  teeth, 
tortoise  shell,  and  box  or  holly  wood.  Bullocks'  horns  are 
prepared  by  sawing  off  the  tips,  then  holding  the  horns  in  the 
flame  of  a  wood  fire  till  they  become  soft.  lu  this  slate  they 
are  slit  open  on  one  side,  and  pressed  in  a  machine;  then 
plunged  into  water,  from  whence  they  come  out  hard  and  flat. 
They  are  next  sawn  into  proper  lengths,  and  to  cut  the  teeth, 
each  piece  is  fi.\ed  in  a  tool  called  a  clam.  The  teeth  are  cut 
with  a  line  saw,  or  rather  a  pair  of  saws,  and  they  are  finished 
with  a  file.  The  process  for  making  ivory  combs  is  nearly  the 
same  as  the  above.  A  method  has  beeen  recently  invented  for 
cutting  combs  by  machinery. 

COMBINATION,  in  Chemistry,  the  union  of  bodies  of 
different  natures   thereby  producing  a  new  compound  bodv. 

COMBINATIONS,  in  Mathematics,  denote  the  different 
collections  that  may  be  formed  out  of  any  given  number  of 
things,  taking  a  certain  number  at  a  time,  witiiout  regard  to 
the  order  in  which  they  may  be  arranged  ;  an<l  are  thus  dis- 
tinguished from  permutations,  or  chanyes,  which  Iiave  reference 
to  the  order  in  which  the  several  quantities  may  be  disposed. 

1.  When  onhj  two  are  cnmhineiL — One  tiling  admits  of  no 
combination.  Two,  a  and  b,  admit  of  only  one,  )■(:-.  a  b.  Three, 
n,  b,  c,  admit  of  three,  ab,  ac,  be.  Four,  of  six,  viz.  ab,  ac,  ad, 
be,  bd,  eil.     Five,  of  ten,  viz,  ab,  nc,  ad,  ac,  be,  bd,  be,  cd,  ce,  tie. 

Whence  the  numbers  of  combinations  of  two  and  two  only, 
proceed  according  to  the  triangular  numbers,  1,  3,  6,  It),  15, 
21,  &c.  which  are  produced  by  the  continual  addition  of  the 
original  series,  0,  1,  2,  3,  4,  5,  &c.  And  if  7i  be  the  number  of 
things,  the  formula  for  expressing  the  sum  of  all  their  combina- 
tions by  two's,  will  be  »■  "  —  1. 
1  .  2 

2.  1 

Thus,  if  Ji  =:  2  ;  this  becomes :=  1 .         If  n  :i  3 ;  it  is 


3  .  2 


=  3. 


Ifji: 


4  .  3 


•  =:  C,  &ic. 


2.  When  three  are  combined  tor/ether,  three  things  admit 
of  one  order,  «,  b,  c.  Four  admit  of  four,  viz.  abc,  abd,  acd, 
bed.  Five  admit  of  ten  ;  abc,  abd,  abe,  acd,  ace,  ade,  bed,  bee, 
bde,  cde.  And  so  on  according  to  the  first  pyramidal  numbers, 
1,  4,  10,  20,  &e.  which  are  formed  by  the  continual  addition  of 
the  former,  or  the  triangular  numbers,  1,3,  8,  10,  &c.  And  the 
general  formula  for  any  number  n  of  combinations,  taken  by 
three's,  is  n  .n  —  I.  n.  —  2 


1    .    .2    .    3. 
3.2.1                                            4.3, 
Soifn=3;itis  =  1.       Ifn=4;itis 


■=  4. 


1.2.3 
5.4.3. 

If  n  =  5  ;  it  is =  10. 

6 

Proceeding   thus,  it   is  found  that  a  general   formula  tor  any 
number  n  of  things,  combined  by  m  at  each  time,  is  s  :zi 
V  .  n  —  1  .n  —  2  .  n.  —  v^,  &c. 

1.2.  a'.  4~  continued   to    jh    factors    or 

terms,  or  fill  the  last  factor  in  the  denominator  be  m.     So  in 
six  things  combined  by  four's,  the  number  of  combinations  is 

6.5.4.3 

—  15 

1.2.3.4 
3.  By  adding  these  together,  the  sum  will  be  the  whole  num- 
ber of  possible  combinations  of  n  things,  combined  by  two's, 


three's,  four's,  &c.  And  all  the  series  are  (he  co-efficients  of  the 
power  n  of  a  binomial,  wanting  only  the  first  two,  1  and  n, 
therefore  the  sum  will  be  1  x  l|-  —  n  —  1,  or,  2"  —  n  —  1.  If 
the  number  of  things  be  five,  then  2=  —  1  ^  32  —  6  r:  26. 

4.  I'o  find  the  number  oj' changes  and  alterations  which  a  ?^?^7n- 
ber  of  quantities  can  imdercio,  when  combined  iyi  alt  possible 
varieties  of  ways  with  themselves  and  each  other,  both  as  to  the 
things  themselves,  and  their  order  and  position. 

One  thing  admits  of  one  order  or  position.  Two  may  be 
varied  four  ways,  as  aa,ab,  ba,  bb.  Three  quantities  taken  by 
two's,  may  be  varied  nine  ways,  as  aa,  ab,  ac,  ba,  ca,  bb,  be,  cb, 
cc.  In  like  manner  four  things  taken  by  two's,  may  be  varied 
4',  or  16  ways  ;  and  five  things,  by  two's,  5^  or  25  ways. 

Thus  also  when  taken  by  three's  the  changes  will  be  n', 
and  when  taken  by  four's  they  will  be  n*,  and  so  generally 
when  taken  by  n's  they  will  be  n  ",  wherefore,  adding  all  those 
together,  the  whole  number  of  changes  or  combinations  in  n, 
things  taken  by  two's,  by  three's,  by  four's,  &c.  to  n's  will  be 
the  sum  of  the  geometrical  series,  }i  +  V  +  71'  -f-  «*  ....  n", 

n"  —  1 
which  sum  is  :z 1-  n.    For  example,  if  the  number  of 


n—  1 


things  n  be  four,  this  gives 


4.  _  1 
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X   4  = 


X  4  =  340. 


4—   1  3 

COMBUSTIBLE.  A  body  which,  in  its  rapid  union  with 
others,  causes  a  disengagement  of  heat  and  light.  To  deter- 
mine this  rapidity  of  combination,  a  certain  elevation  of  tempe- 
rature is  necessary,  which  diflers  for  every  different  combus- 
tible. Combustibles  have  been  arranged  into  simple  and 
compound.  The  former  consists  of  hydrogen,  carbon,  boron, 
sulphur-phosphorus,  and  nitrogen ;  besides  all  the  metals. 
The  latter  class  comprehends  the  hydrurets,  carburets,  sulphu- 
rets,  phosphurets,  metallic  alloys,  and  organic  products. 

COMBUSTION  was  defined  under  the  word  Chemistry,  to 
be  the  act  of  a  body  burning  in  a  gas  capable  of  supporting 
flame.  We  will  here  treat  of  these  supporters  of  combustion  ; 
and  first,  they  have  the  property  of  shining  in  the  dark. 
Various  kinds  of  animal  and  vegetable  subslances  seem  to 
have  a  great  deal  of  this  kind  of  phosphorus  ;  the  glow-worm 
is  a  remarkable  instance.  Dead  fish,  rotten  sea-weed,  and 
numbers  of  insects,  have  this  property  in  a  great  degree. 
Instruments  for  measuring  the  degree  or  intensity  of  light,  are 
called  photometers. 

Effects  of  Light  upon  the  Photometer. 
Light  of  the  sun  at  an  elevation  of  30",  sky  perfectly  clear,  75" 

Idem,  sky  white 73° 

Light  of  the  blue  sky  at  an  elevation  of  45°, 56° 

Zenith, 49° 

A  cloudy  sky 53° 

A  full  moon, 34° 

Moon  five  days  old 20° 

Light  from  snow  enlightened  by  the  sun, 57° 

from  snow  in  the  shade, 47° 

Starry  sky,  March  14,  1817 7° 

Sky  clear  of  stars,  March  14.  1817, 7°  fl" 

Planet  Venus  at  an  elevation  of  30°,  April  5,  1817, 9° 

Simple  Supporters  of  Combustion. — Oxygen.     For  the  purpose 

,         of  obtaining  oxy- 
(rsni.  [{         gen  or  any   other 

'"  gas,    the   annexed 

apparatus  will 
prove  the  most 
elegant  and  gene- 
rally useful.  1>  is 
a  stand  with  rings, 
supporting  aretort 
C,and  an  Argand's 
lamp  E  ;  the  latter 
is  connected  with 
the  stand  by  a 
screw  (sec  F) ;  A  is 
a  pneumatic  trough 
made  of  tin,  and 
'""•■■"™'"''  containing  water, 
through  which  the  gas  proceeding  from  the  retort,  ascends  into 
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the  glass  jar  U,  placed  upon  a  wooden  shelf;— as  tlio  pas 
ascends  into  the  jar,  the  water  is  displaced.  G  is  a  strong  tuhe 
of  glass,  in  which  gases  are  detonated  orinflamed  by  electricity. 
For  common  purposes,  atnj...wliere  heat  is  not  required,  a 
matrass  with  a 
bent  glass  tube  fit- 
ted to  it,  is  Msed,  |i  \\  ^^<^ 
as  represented  in  Jl  \\  c  .^^iHirfll 
the  furthest  figure. 
This  may  be  done 
tvitli  a  common 
phial  and  hand- 
ijasin,  according  to 
the  nearest  figure. 
A  Is  the  matrass  ; 
F  the  bent  lul)C  ;  C  the  phial  ;  and  D  the  basin. 

Oxygen,  is  a  substance  known  only  in  combination  with  other 
bodies,  and  has  never  been  obtained  alone.  It  is  alssorbed  by 
combustible  bodies,  and  converts  them  into  acids.  0\ygen  is 
necessary  for  coinbnstion,  iiiiilirig  itself  always  to  bodies  «hich 
burn,  augmenting  their  weight,  and  changing  their  properties. 
It  is  necessary  for  the  respiration  of  animals.  It  is  a  consti- 
tuent part  of  atmospheric  air,  of  water,  of  acids,  and  of  all 
bodies  of  the  anijnal  and  vegetable  kingdoms.  Combined  with 
light  and  calorie,  it  constitutes  o.\ygen  gas.  When  a  body  has 
only  a  small  ([uantity  of  oxygen  united  to  it,  not  sufficient  to 
niaice  it  an  acid,  it  is  called  an  oxide.  Thus,  most  of  the 
metals  can  only  be  reduced  to  the  state  of  oxides  by  the  addi- 
tion of  oxygen.  Tiiis  was  formerly  called  calcination,  and  the 
metal  added  to  oxygen  was  called  a  calx.  Thus,  the  calx  of 
mercury,  of  tin,  &c.  When  the  base  has  only  just  a  sullicient 
quantity  of  oxygen  to  exhibit  the  properties  of  an  acid,  the 
termination  nus  is  used,  such  as  tlie  sulphureous  acid,  the 
phosphorous  acid,  &c.  ;  but  when  it  has  a  greater  portion  of 
oxygen,  the  termination  ends  in  ic,  as.sulphuric,  phosphoric, 
and  nitric  acid. 

Chlorine,  is  assimilated  to  oxygen  as  an  elementary  sub- 
stance. In  the  gaseous  state  it  is  of  a  yellowish  green  colour, 
and  it  is  this  properly  which  suggested  its  name.  Its  odour  is 
extremely  disagreeable.  Chlorine  is  not  capable  of  being 
respired;  and  even  when  mixed  in  very  small  quantities  with 
common  air,  it  renders  it  extremely  pernicious  to  the  lungs.  It 
has  never  been  found  pure  in  nature;  but  exists  in  many  com- 
pounds, particularly  in  table  or  sea  salt. 

Iodine,  is  obtained  from  sea-weeds,  such  as  barilla  and  kelp: 
like  chlorine  and  oxygen,  when  in  ti.e  state  of  vapour,  it  sup- 
ports eombuslion.  Its  vapour  is  of  a  violet  hue  :  it  is  obtained 
in  brown  shining  scales. 

Fluorine,  is  the  supposed  base  of  fluoric  acid  obtained  from 
fluor-spar ;  but  it  has  never  yet  been  obtained  in  a  separate 
state. 

Comhustibh  and  Non-romhuslible Substances. — Carbon.  Modern 
chemists  consider  the  diamond  as  pure  crystalline  carbon.  The 
diamond  is  one  of  the  hardest  bodies  known  ;  for  it  resists  the 
most  highly  tempered  steel  file,  and  can  be  ground  or  polished 
only  by  diamond  powder.  It  takes  an  exquisite  and  lasting 
polish.  It  has  a  great  refractive  power  ;  and  hence  its  lustre, 
when  cut  into  the  form  of  a  regular  solid,  is  uncommonly  great. 
The  diamond,  like  other  combustible  bodies,  burns  by  a 
strong  heat,  with  a  sensible  fiame,  attracting  oxygen,  and 
becoming  wholly  converted  into  carbonic  acid  gas  during  that 
process.  It  combines  with  iron  by  fusion,  and  like  common 
charcoal,  converts  it  into  steel.  Common  charcoal,  the  base  of 
animal  and  vegetable  matters,  is  widely  dilluscd  throughout 
nature.  It  is  a  compound  of  carbon  with  earths,  alkalies,  salts, 
&c.  united  to  a  portion  of  oxygen  ;  it  is  properly  an  oxide  of 
carbon.  It  is  black,  sonorous,  and  brittle  ;  and  is  obtained 
from  many  substances,  but  chiefly  from  wood.  When  pure,  it 
resists  the  greatest  heat  in  close  vessels.  With  nitrate  of 
potash,  it  detonates  in  a  hot  crucible,  leaving  a  fixed  alkali 
behind.  It  does  not  mix  with  the  metals,  but  restores  their 
oxides  to  a  metallic  state. 

Sulphur  or  brimstone,  is  a  simple  combustible  substance, 
which  nature  frc(|uently  presents  in  a  pure  state.  It  is  found 
in  (he  eaith  in  a  loose  powder,  or  in  a  solid  slate;  and  cither 
detached  or  in  veins.     It  is  found  also  in  the  neighbourhood  of 


volcanoes,  and  is  deposited  as  a  crust  on  stones  contiguous  to 
them.  It  is  frequently  met  with  in  mineral  waters,  sometimes 
also  in  coal  mines,  and  it  is  found  in  cond>ination  with  most  of 
the  metals;  when  united  to  iron,  it  forms  mai7i,i/ pi/nV«,  or 
sulphuret  of  iron.  In  order  to  form  it  into  rolls,  it  is  melted 
and  poured  into  v\ooden  moulds;  it  is  then  called  roll  sulphur. 
Flowers  of  sulphur  are  formed  by  subliming  purified  sulphur 
with  a  gentle  heat  in  close  chambers.  Sulphur  is  a  non-con- 
ductor of  electricity,  and  hence  it  becomes  electric  by  friction 

it  unites  to  most  of  the  metals;  rendering  them  brittle  and 
fusible. 

Phosphorus,  is  commonly  found  united  to  oxygen,  in  the  stale 
of  phosphoric  acid,  which  is  found  plentifully  in  dilTerent 
animal,  vegetable,  and  mineral  substances.  It  is  a  yellowish 
semitransparent  substance,  of  the  consistence  of  v»ax.  It  is 
luminous  in  the  dark,  at  the  common  temperature  of  the 
atmosphere.  It  takes  fire  spontaneously,  and  burns  rapidly  in 
the  open  air,  (at  I-J2°  of  Fahrenheit,)  with  a  brilliant  white 
flame,  and  is  converted  into  phosphoric  acid.  The  combusti- 
bility and  luminous  property  of  phosphorus  have  given  birth  to 
various  experiments,  and  the  following  will  evince  its  charac- 
teristic properties  in  a  pleasing  manner.  That  phosphorus 
burns  at  the  usual  temperature,  appears  by  writing  with  it 
upon  black  or  purple  paper,  or  any  other  smooth  surface. 
The  writing  will  be  luminous  in  the  dark,  as  if  on  fire.  The 
fiery  appearance  vanishes  by  blowing  upon  it,  but  becomes 
visible  again  al'ter  a  few  seconds.  The  combination  of  any 
substance  with  sulphur,  phosphorus,  or  charcoal  without  oxy- 
flenalion,  has  the  termination  of  its  name  in  et  ;  thus  sulphur 
and  iron  form  sulphuret  of  iron,  phosphorus  and  lime  form 
phosphuret  of  lime. 

Hydrogen.  As  hydrogen  gas  is  produced  by  a  dilTercnt 
process  from  other  gases,  we  insert  the  annexed  cut.  C  is  a 
furnace,  through  which  an  iron  tube  or  gun  barrel,  E  F,  passes. 
In  this  tube  there  is  a  quantity  of  iroi'i  filings,  over  which  the 
steam  of  water  proceeding  from  a  retort  A,  placed  in  a  large 
crucible  V,  passes,  and  is  decomposed  ;  the  oxygen  of  the 
water  combining  with  the  iron  Clings,  whilst  the  hydrogen   is 

set  free,  to  pass 
through  a  vcrmi- 
culartubeRintoa 
gas  bottle  H,  and 
from  thence  by 
the  tube  K  into 
any  convenient 
receiver.  Hydro- 
gen is  one  of  the 
constituent     ele- 


luj'- 


menfs  of  water.  It  is  also  OHe  of  the  ingredients  of  bitumen, 
of  oils,  fat,  ardent  spirits,  ether,  and  in  fact  of  animal  ami 
vegetable  bodies  ;  it  also  forms  a  part  of  all  animal  and  vege- 
table acids  ;  and  it  is  one  of  the  bases  of  ammonia,  and  of 
various  compound  gases.  It  possesses  so  great  an  affinity  for 
calorie,  that  it  can  be  obtained  only  in  the  stale  of  gas.  It  is 
consequently  impossible  to  procure  it  in  the  concrete  or  liquid 
state,  independent  of  combination.  Hydrogen  united  to  caloric 
and  light,  forms  hydrogen  gas.  Hydrogen  gas  united  to  car- 
bon, forms  carburetlcd  hydrogen  gas,  by  which  streets,  shops, 
theatres,  and  churches  are  lighted. 

Nitrogen,  called  also  azote,  is  a  simple  body,  very  abundant 
in  nature,  though  not  producible  in  an  unconibined  state.  It 
is  one  of  the  component  parts  of  atmospheric  air.  and  also  of 
all  animal  and  vegetable  bodies,  nitric  acid,  and  ammonia.  It 
enters  into  combination  v\ilh  light  and  caloric.  This  com- 
pound is  called  nitrogen  gas. 

Horon,  is  a  powdiT  of  a  brown  colour;  inodorous  and  insipid  ; 
electric;  incombustible  in  covered  vessels,  but  increases  in 
density  when  the  heat  is  augmented ;  insoluble  in  ether,  oils, 
alcohol,  and  water. 

Silian,  is  a  powder  of  a  dark  colour,  incombustible  at  a  high 
lemperature. 

('t)MKT,  an  opaque,  spherical,  and  solid  body,  like  a  planet, 
performing  revolutions  about  the  sun  in  elliptical  orbits,  bavin); 
the  sun  in  one  of  their  fori.     See  Astkoxomv. 

COMMENDAM,  a  benefice  or  ecclesiastical  living,  which 
being  void,  or  to  prevent  its  becoming  so,  is  committed  com^ 
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mendatur,  lo  (lie  care  of  a  clerk,  to  be  supplied  till  a  proper 
pastor  \i  appointed.  When  a  person  is  made  a  bishop,  his 
benefice  is  void  by  the  promotion  ;  but  if  the  king  give  him 
power  to  retain  it,  he  is  said  to  hold  it  in  commendam. 

COMMERCE,  in  a  general  point  of  view,  is  usually  dis- 
tinguished into  two  kinds,  the  commerce  of  import  and  of 
export;  but  there  is  little  reason  for  this  distinction,  for  what- 
ever a  nation  imports,  it  must  have  paid  an  equivalent  for  to 
the  country  of  which  it  is  purchased,  and  consequently  the  two 
branches  are  intimately  dependent,  and  could  not  exist  sepa- 
rately for  any  considcralde  period.  The  value  obtained  in 
foreign  markets,  for  the  goods  or  manufactures  which  a  nation 
exports,  repays  the  labour  of  procuring  or  manufacturing  them, 
with  a  profit  lo  the  master  manufacturer  and  to  the  exporting 
merchant;  and  this  value  being  invested  in  foreign  produce, 
which  on  importation  all'ords  a  further  prolit  to  the  mcrcliant, 
it  is  evident  that  tlie  transaction,  while  it  supports  individuals, 
makes  a  real  addition  to  the  wealth  of  the  country,  by  the 
greater  value  of  the  returns  imported  beyond  that  of  the  goods 
exported.  Commerce,  therefore,  while  it  is  the  means  of  pro- 
curing a  mutual  interchange  of  conveniences  between  distant 
countries,  and  of  extending  knowledge  and  civilization  over 
every  part  of  the  globe,  contributes  essentially  to  the  strength 
and  inlbience  of  tlie  countries  by  which  it  is  cncouiagcd. 

COMMISSARY,  in  the  ecclesiastical  Law,  an  officer  of  the 
bishop,  who  exercises  spiritual  jurisdiction  in  places  of  a 
diocese  so  far  from  the  episcopal  see,  that  the  chancellor  can- 
not call  the  people  to  the  bishop's  principal  consistory  court, 
without  giving  them  too  much  inconveniency. 

COMMISSARY  Genekal  of  the  MusTiiRS,  an  oflicer 
appointed  to  muster  the  army  as  often  as  the  general  thinks 
proper,  in  order  to  know  the  strength  of  each  regiment  and 
company,  to  receive  and  inspect  the  muster-rolls,  and  to  keep 
an  exact  state  of  the  strength  of  the  army. 

CoMMlssAitY  General  of  Stores,  an  oflicer  in  the  artillery,  who 
has  tlie  charge  of  all  the  stores,  for  which  he  is  accountable  to 
the  office  of  ordnance. 

Commissary  General  of  Provisions,  an  officer  who  has  the 
inspection  of  the  bread  and  provisions  of  the  army. 

COMMISSION,  in  common  Law,  the  warrant  or  letters- 
patent  which  all  persons,  exercising  jurisdiction,  have  to 
empower  them  to  hear  or  determine  any  cause  or  suit ;  as  the 
commission  of  the  judges,  &c.  Most  of  the  great  officers, 
judicial  and  ministerial,  of  the  realm  are  made  also  by  com- 
mission. By  means  of  commission,  oaths,  cognizance  of  fines, 
answers  in  chancery,  &c.  arc  taken,  witnesses  examined, 
offices  found.  Sec. 

Commission  of  Banltruptey,  is  the  commission  that  issues 
from  the  lord  chancellor,  on  a  person's  becoming  a  bankrupt 
within  any  of  the  statutes,  directed  to  certain  commissioners 
appointed  to  examine  into  it. 

COMMITMENT,  in  Law,  the  sending  of  a  person  charged 
with  some  crime  to  prison  by  warrant  or  order.  A  commitment 
may  be  made  by  the  king  and  council,  by  the  judges  of  the  law, 
the  justices  of  peace,  or  other  magistrate,  who  have  authority 
by  the  laws  and  statutes  of  the  realm  so  to  do. 

COMMITTEE  of  Parliament,  a  certain  number  of  mem- 
bers appointed  by  the  House  for  the  examination  of  a  bill, 
making  report  of  an  inquiry,  process  of  the  house,  &e.  When 
a  parliament  is  called,  and  the  speaker  and  members  liave 
taken  the  oaths,  there  are  committees  appointed  to  sit  on 
certain  days,  I'/r.  the  committee  of  privileges  and  elections, 
of  religion,  of  trade.  Sec.  which  are  standing  committees. 
Sometimes  the  whole  House  resolves  itself  into  a  committee, 
on  which  occasion  each  person  has  a  right  to  speak  and  reply 
as  often  as  he  pleases,  which  is  not  the  case  when  the  House  is 
not  in  a  committee. 

COMMON,  is  a  r.ight  of  privilege  which  one  or  more  persons 
claim  to  take  or  use,  in  some  part  or  portion  of  that,  which 
another  man's  lands,  waters,  woods,  &c.  naturally  produce, 
without  having  an  absolute  properly  in  such  lands,  woods, 
waters,  S(c. 

COMMON  Law,  that  body  of  rules  received  as  law  in  Eng- 
land, before  any  statute  was  enacted  in  parliament  to  alter  the 
same. — The  common  law  is  crouiided  upon  the  general  customs 
of  the  realm,  including  the  law  of  nature,  the  law  of  God,  and 


the  principles  and  maxims  of  law.  It  is  also  founded  on  reason, 
as  said  to  be  the  perfection  of  reason  acquired  by  long  study, 
observation,  and  experience,  and  refined  by  the  learned  in  all 
ages.  It  may  likewise  be  said  to  be  the  common  birthright, 
that  the  subject  has  for  the  safeguard  and  defence  not  only  of 
his  goods,  lands,  and  revenues,  but  of  his  wife,  children,  life, 
fame,  fee.  Our  common  law,  it  is  said,  after  the  heptarchy, 
was  collected  together  into  a  body  by  divers  of  our  ancient 
kings,  who  commanded,  that  it  should  be  observed  through  the 
kingdom  ;  and  it  was,  therefore,  called  common  law,  because  it 
was  common  to  the  whole  nation,  and  before  only  affected 
certain  parts. 

COMMON  PLEAS,  one  of  the  king's  courts  held  in  West- 
mister  Hall,  wherein  a  lord  chief  justice  and  three  puisne 
justices  preside.  In  personal  and  mixed  actions  it  has  a  con- 
current jurisdiction  with  the  court  of  king's  bench,  but  has  no 
cognizance  of  pleas  of  the  crown. 

COMMONS,  in  Parliament,  are  the  lower  house,  consisting 
of  knights  elected  by  the  counties,  and  of  citizens  and  burgesses 
by  the  cities  and  borough  towns. 

COMPANY,  a  society  of  merchants,  tradesmen,  or  others, 
united  in  one  common  interest.  When  there  are  only  two, 
three,  or  four,  tlius  associated,  it  is  called  a  partnership;  the 
word  company  being  usually  restrained  to  a  considerable  num- 
ber of  members  associated  hy  prescription  or  charter.  The 
mechanics  of  all  towns  incorporated  are  thus  formed  into 
companies,  which  have  charters  of  privileges  and  immunities. 
In  London  they  are  numerous,  and  many  of  them  are  very  rich. 
In  a  commercial  sense,  the  term  company  denotes  a  large 
association  formed  for  the  purpose  of  trade  ;  thus  we  have  the 
Hamburgh  company,  the  oldest  trading  establishment  in  the 
kingdom,  incorporated  in  1295  ;  the  Russia  company,  confirmed 
by  charter  in  1566;  the  Eastland  company,  settled  in  1579; 
the  South  Sea  company,  formed  in  the  reign  of  Queen  Anne  ; 
the  East  India  company,  originally  established  in  1606;  and, 
lastly,  the  Hudson's  I?ay  company,  first  chartered  in  1670. 

Company,  in  the  army,  a  body  of  foot  commanded  by  a  cap- 
tain, who  has  under  him  a  lieutenant  and  an  ensign  ;  the 
number  of  men  from  50  to  80. 

COMPARATIVE  ANATOMY,  is  that  which  considers  the 
bodies  of  other  animals,  serving  for  the  more  accurate  distinc- 
tions of  several  parts,  and  supplying  the  defects  of  human 
subjects.  Comparative,  however,  does  not  strictly  stand  in 
contradistinction  to  human  anatomy;  but  while  it  embraces  the 
whole  circle  of  animated  existence,  considers  man  as  the 
standard  of  its  comparisons,  and  the  primary  object  of  its 
inquiries. 

COMPARISON,  in  Rhetoric,  a  figure  which  illustrates  one 
thing  by  resembling  it  to,  and  comparing  it  with,  another,  to 
which  it  has  a  manifest  relation. 

COMPASS,  as  represented  in  the  annexed  figure,  an  instru- 
ment employed  by  pilots  to  ascertain  the  ship's  course  at  sea, 

consisting  of  a  circu- 
lar box,  containing 
a  paper  card.  The 
card,  which  repre- 
sents the  horizon,  is 
divided  into  32  equal 
parts,  by  lines  drawn 
from  the  centre  to  (he 
circumference,  called 
points  or  rhumbs  ;  the 
intervals  between  the 
points  are  also  subdi- 
vided into  halves  and 
quarters,  and  also  the 
whole  circumference 
into  equal  parts  called 
degrees,  300  of  » liich 
comjilete  the  circle, 
and  consequently  the 
distance,  or  angle,  comprehended  between  any  two  rhumbs, 
is  equal  to  Hi  degrees,  or  15  miuulcs.  The  lour  principal 
points  are  called  the  cardinal  points,  two  of  which,  opposite  to 
each  other,  are  called  the  north  and  south  points  ;  that  which 
is  toward  the  right  hand  when  we  look  north,  is  termed  the 
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east,  and  its  opposite  the  west  point;  flic  names  of  all  the 
inferior  ones  are  compounded  of  those  according  to  their  situa- 
tion. Along  the  north  and  south  line  is  fixed  a  small  bar  of 
steel,  termed  the  needle,  which,  bping  touched  by  the  load- 
stone, acquires  a  certain  virtue,  whereby  it  hangs  nearly  in  the 
plane  of  the  meridian,  and  consequently,  determines  the 
direction  of  the  other  points  towards  the  horizon.  This  card 
and  needle  having  a  small  socket  in  the  centre,  is  supported 
on  the  point  of  a  line  pin  of  steel,  the  whole  being  confined  in 
the  circular  box,  with  a  glass  cover,  wliicli  box  is  hung  in 
gimbals  lo  counteract  the  motion  of  the  ship.  A  square  box, 
with  a  raovealile  lid,  serves  to  support  the  gimbals,  and  secures 
the  compass  from  accident  in  removals. 

The  "  Board  of  Longitude"  have  voted  £500  to  Peter  Bar- 
low, for  a  very  simple  invention  of  curing  the  local  attraction 
of  sliips,  by  placing  abaft  the  compass,  a  plate  of  iron,  which 
being  regulated  so  as  to  correct  tlie  cilects  of  the  ship  in  any 
place,  docs  the  same  in  all  places. 

COMPASSES,  Beam,  a  machine  to  draw  large  circles  or 
arcs.  The  beam  may  be  any  length  from  2  to  C  feet,  armed 
with  two  cursors  of  brass,  one  fixed  and  the  other  moveable. 
These  cursors  may  be  formed  of  points  of  brass,  steel,  pencils, 
&c.  and  the  fixed  cursor  has  sometimes  an  adjusting  micro- 
meter screw  applied  to  it,  for  the  more  ready  obtaining  of 
extents. 

Compasses,  or  Pair  of  Compasses,  a  mathematical  instrument 
for  describing  circles,  measuring  and  dividing  lines  or  figures, 
&c.  The  common  Compasses  consists  of  two  sharp-pointed 
branches  or  legs,  of  iron,  steel,  brass,  or  other  metal,  joined 
together  at  the  top  by  a  rivet,  about  which  they  move  as  on 
a  centre ;  and  are  too  well  known  lo  need  any  particular 
description. 

CoMi'ASSKS  of  three  Legs,  or  Triangular  Cosipasses;  the 
construction  of  which  is  like  that  of  the  common  compasses, 
with  the  addition  of  a  third  leg  or  point,  which  has  a  motion 
every  way.  Their  use  is  to  take  three  points  at  once,  and  so 
to  form  triangles,  and  lay  down  three  positions  of  a  map  to  be 
copied  at  the  same  time. 

CjlUiulricul^nA  tS'y)/if)irnZCoMPAssES, consist  of  four  branches, 
joined  in  a  centre,  two  of  which  are  circular  and  t»vo  Hat,  a 
little  bent  at  the  ends:  their  use  is  to  take  the  diameter, 
thickness,  or  caliber  of  round  or  cylindric  bodies,  such  as  guns, 
pipes,  &c. 

EUijHic  Compasses.  These  are  used  for  drawing  ellipses, 
or  ovals  of  any  kind  ;  they  consist 
of  a  beam  A  B,  about  a  foot  long, 
bearing  three  cursors,  to  one  of 
which  may  be  screwed  any  point  or 
pencil ;  to  the  bottom  of  the  other 
two  are  riveted  two  sliding  dove- 
tails, adjusted  in  grooves  made  in 
the  cross  branches  of  the  instru- 
ment. These  having  a  motion  every 
way.  by  turning  ai)out  the  long 
branch,  go  backwards  and  forwanls 
along  the  cross  ;  so  that  when  the  beam  has  gone  half  way 
about,  one  of  these  wiil  have  moved  the  whole  length  of  one  of 
the  branches,  and  when  it  has  got  (luilc  round,  the  same  dove- 
tail has  got  back  the  whole  length  of  the  branch  ;  and  the  same 
may  be  repeated  on  the  other  side.  The  distance  between  the 
two  sliding  dove-tails  is  the  distance  between  the  two  foci  of 
the  ellipsis;  so  that  by  changing  that  distance,  any  proposed 
ellipse  may  be  described. 

German  Compasses,  have  their  legs  a  little  bent  outwards, 
towards  the  top  ;  so  that  when  shut,  llie  points  only  meet. 

Hair  Compasses,  are  so  contrived  within  side,  by  a  small 
adjusting  screw  to  one  of  tlie  legs,  as  to  take  an  extent  to  a 
hair's  breadth. 

Proportional  Compasses,  are  those  in  which  the  joint  lies, 
not  at  the  end  of  the  legs,  but  between  the  points  terminating 
each  leg.  These  are  cither  simple  or  compound.  In  the 
former  sort  the  centre  or  place  of  the  joint  is  fixed  ;  so  that  one 
pair  of  them  serves  only  for  one  proportion.  In  the  compound 
ones  the  joint  may  be  set  at  any  distance,  and  consequently 
any  proportion  whatever  easily  obtained. 

Spriiiy  Compasses,  or  Dividers,  are  made  of  hardened  steel, 


with  an  arched  head,  which  by  its  springs  opens  the  legs;  the 
opening  being  directed  by  a  circular  screw  fastened  to  one  of 
the  legs  let  through  the  other,  and  worked  with  a  nut. 

Geometry  of  the  Compasses,  a  species  of  geometry  invented 
by  M.  Mascberoni,  of  Milan,  by  which  all  »he  elementary 
problems  of  plane  geometry  are  performed  by  the  compasses 
only,  without  the  use  of  the  rider. 

COMPLEMENT  of  an  Arch  or  .\ngle.  is  what  it  wants  of 
90  degrees  ;  thus  the  complement  of  50°  is  40°,  and  the  com- 
plement of  40°  is  50. 

Arithmetical  COMPLEMENT,  of  a  logarithm,  is  what  the  loga- 
rithm wants  of  1000000,  &c. ;  and  the  easiest  way  to  find  it  is, 
beginning  at  the  left  hand,  to  subtract  every  figure  from  9, 
and  the  last  from  10.  So  the  arithmetical  complement  of 
8-2;J0139G  is  1-7J98604.  It  is  commonly  used  in  trigonome- 
trical calculations,  when  the  first  term  of  a  proportion  is  not 
radius;  in  that  case,  add  together  the  logarithms  of  the  3d,  2d, 
and  arithmetical  complement  of  the  first  term,  and  subtract 
10  from  the  result. 

Complement,  in  Astronomy,  denotes  the  distance  of  a  star 
from  the  zenith  ;  or  the  arch  comprehended  between  the  pir.ce 
of  the  star  above  the  horizon  and  the  zenith,  being  the  same  as 
is  otherwise  called  the  co-latitude. 

Complements  of  a  Parallelogram,  are  the  two  smaller 
parallelograms  made  by  drawing  two  right  lines  through  a 
point  in  the  diagonal. 

COMPLEX  Teiims  or  Ideas,  in  Logic,  are  such  as  are  com- 
pounded of  several  simple  ones.  Complex  Proposition,  is  that 
which  has  at  least  one  of  its  terms  complex  ;  or  such  as  con- 
tain several  members  as  casual  propositions,  or  its  several 
ideas  oll'ering  themselves  to  our  thoughts,  by  which  we  are  led 
to  aflirm  the  same  thing  of  dillerent  objects.  Thus,  neither 
kings  nor  people  are  exempt  from  death. 

COMPLEXION,  a  term  technically  denoting:  the  (erapera- 
ment,  lialiitude,  and  natural  disposition  of  the  body ;  but 
popularly  signif\ing  the  colour  of  the  face  and  skin. 

COMPOSITION,  in  Grammar,  the  joining  of  two  words 
together ;  or  prefixing  a  particle  to  another  word,  to  change,  or 
lessen,  or  augment  its  signification.— In  Logic,  composition  in 
a  method  of  reiisoiiing,  by  which  we  proceed  from  a  general 
truth  to  particular  ones. — In  Music,  composition  is  the  art  of 
adapting  sounds  lo  airs,  songs,  &:c.  cither  in  one  or  more 
parts,  for  the  voice  or  instrument.  — In  Painting,  compositioa 
denotes  the  choice  and  disposition  of  the  figures  of  a  pii'ture. 

Composition,  in  Commerce,  a  contract  between  an  insolvent 
debtor  and  his  creditors,  by  which  the  latter  agree  to  take  a 
part  of  the  debt  in  compensation  for  the  whole. 

Composition,  or  Composing,  in  Printing,  is  the  arranging  of 
the  types  or  letters  in  the  comi)nsing-stick,  in  order  to  form  a 
line ;  and  of  several  lines  ranged  in  order  in  the  galley,  to  make 
a  page ;  and  of  several  pages,  to  make  a  form. 

Composition  of  Motion,  in  Mechanics,  is  an  assemblage  of 
several  directions  of  motion  resulting  from  several  powers, 
acting  in  dillerent  though  not  opposite  directions. 

Composition  of  Proportion,  is  the  comparing  the  sum  of  the 
antecedent  and  consequent  with  the  consequent,  in  two  equal 
ratios  ,  as,  suppose  4  :  8  :  :  3  :  6,  they  say  by  composition 
of  proportion  12  :  8  :  :  9  :  C.  The  same  holds  of  the  sum  of 
the  antecedent  and  consequent  compared  with  the  antecedent ; 
thus  we  say,  12  :  4  :  :  9  :  6.  There  is  a  great  diHerence 
between  composition  of  proportion  by  addition  and  by  multi- 
plication.    .SVe  Proportion. 

COMPOST,  in  Husbandry  and  Gardening,  several  sorts  of 
soils  or  earthy  matters  mixed  together,  to  make  a  manure  for 
assisting  the  natural  earth  in  vegetation. 

COMPOUNDS,  Primary,  in  Chemistry,  are:  1.  Alkalie.s, 
earths,  oxides,  acids,  and  compound  combustibles.  Secondary 
compounds  are  combinations  of  earths  with  each  other,  and 
with  metallic  oxides;  combinations  of  earths  with  alkalies; 
combinations  of  acids  with  alkalies,  earths,  and  metallic 
oxides;  combinations  of  sulphuretted  hydrogen  with  alkalies, 
earths,  and  metallic  oxides  ;  and  lastly,  combinations  of  oils 
with  alkalies,  earths,  and  metallic  oxides. 

COM  PREHENSION,  in  Rhetoric,  puts  the  whole  for  a  paH, 
or  a  part  for  the  whole. 

COMPRESSIBILITY,  in  Philosophy,  that  quality  of  a  body 
dli 
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or  fluid,  by  which  it  yields  to  the  pressure  of  another  body  or 
force,  so  as  to  be  brought  into  a  narrower  compass.  The  com- 
pressibility of  water  was  for  a  long  time  doubted  by  philoso- 
phers, and  the  famous  Florentine  experiment  seemed  for  a 
time  to  decide  the  question  in  the  nejjative.  But  water  is 
really  compressible  into  less  than  its  natural  bulk,  and  is  more 
so  in  winter  than  in  summer  ;  but  with  spirits  of  wine  and  oil 
of  olives,  the  contrary  takes  place,  these  being  most  compres- 
sible in  the  latter  season.  The  following  table  shews  the 
quantity  of  compression  of  these  fluids  and  mercury,  when  the 
thermometer  was  at  50°,  and  barometer  29J  inches. 

Compresaion  of  Millionth  parts.  Specific  eravily. 

Spirits  of  wine, 66 846 

Oil  of  olives 48 918 

Rain  water, 46 1000 

Sea  water 40 1028 

Mercury, 3   13595 

Whence  these  fluids  are  not  only  compressible,  but  elastic; 
but  that  their  degree  of  compressibility  is  not,  as  might  have 
been  expected,  in  the  inverse  ratio  of  their  densities. 

COMPUTATION,  the  method  of  estimating  time,  weights, 
measures,  &o. 

CONCAVE,  an  expression  used  to  denote  the  curvilinear 
vacuity  of  hollow  bodies. 

Concave  Lenses,  or  Mirrors,  have  either  one  or  both  sides 
concave.     See  Lens  and  Mirrob. 

CONCAVITY,  from  concave,  the  hollow  or  vacuity  of  bodies. 

CONCAVO-CoNCAVE  Lens,  is  that  whieh  is  concave  on 
both  sides.  Coticwo-Convex  Lens,  is  that  which  is  concave 
on  one  side,  and  convex  on  the  other. 

CONCENTR.VTION,  the  bringing  things  nearer  to  a  centre  : 
■whence  the  particles  of  salt  water  are  said  to  be  concentrated 
by  evaporating  the  watery  part. 

Concentration,  in  Chemistry,  the  act  of  increasing  the 
strength  of  fluids,  which  are  rendered  stronger  by  abstracting 
a  portion  of  the  mere  menstruum.  This  is  generally  efl'ected 
by  evaporation,  where  the  menstruum  is  driven  off  at  a  lower 
heat  than  is  required  to  drive  off  the  substance  with  which  it  is 
united. 

CONCENTRIC,  having  a  common  centre,  as  concentric 
circles,  ellipses,  &c. 

CONCESSION,  in  Rhetoric,  a  figure  by  which  something  is 
allowed  that  yet  might  be  disputed,  in  order  to  obtain  another 
point. 

CONCHOLOGY.  The  study  of  shells,  or  testaceous  ani- 
mals, is  a  branch  of  natural  history,  though  not  greatly  u.seful 
in  human  economy,  yet  by  the  beauties  of  the  subjects  of  which 
it  treats,  is  adapted  to  recreate  the  senses,  and  insensibly  lead 
to  the  contemplation  of  the  glory  of  the  Divinity  in  their 
creation.  The  terra  conchology  comprehends  the  study  of  all 
animals  which  have  a  testaceous  covering,  whether  inhabitants 
of  the  marine  element,  fresh  water,  or  the  land.  Testaceology 
is  a  term  synonymous  with  conchology,  but  is  of  later  origin 
and  application. 

CONCLAVE,  the  place  in  which  the  cardinals  of  the  Romish 
church  meet  and  are  shut  up,  in  order  to  the  election  of  a  pope. 
The  conclave  is  a  range  of  small  cells,  ten  feet  square,  made  of 
wainscot:  these  are  numbered,  and  drawn  for  by  lot.  They 
stand  in  a  line  along  the  galleries  and  hall  of  the  Vatican,  with 
a  small  space  between  each.  Every  cell  has  the  arms  of  the 
cardinal  over  it.  The  conclave  is  not  fixed  to  any  one  deter- 
minate place,  for  the  constitutions  of  the  church  allow  the  car- 
dinals to  make  choice  of  such  a  place  for  the  conclave  as  they 
think  most  convenient;  yet  it  is  generally  held  in  the  Vatican. 
The  conclave  is  very  strictly  guarded  by  troops  ;  neither  the 
cardinals,  nor  any  person  shut  up  in  the  conclave,  are  spoken 
to  but  at  the  hours  allowed  of,  and  then  in  Italian  or  Latin  ; 
even  the  provisions  for  the  conclave  are  examined,  that  no 
letters  be  conveyed  by  that  means  from  the  ministers  of  foreign 
powers,  or  other  persons  who  may  have  an  interest  in  the 
election  of  the  pontiff. 

CONCOCTION,  in  Anatomy,  8cc.  may  be  defined  the  action 
of  fitting  our  daily  aliment  for  the  support  and  nourishment  of 
our  bodies  ;  and  also  the  description  of  all  that  disposition  of 
parts  and  mechanism  of  system  which  unite  in  effecting  that 
change  in  our  food  by  which  it  is  converted  into  blood,  chyle, 


Sec.  To  have  a  clear  idea  of  the  manner  in  which  concoction  is 
performed,  we  muat  distinguish  it  into  three  stages  :  the  first  is 
performed  in  the  progress  of  the  aliment  from  the  mouth  down 
to  the  lacteals ;  which  are  vessels  that  receive  the  chyle  from 
the  intestines  ;  the  second  is  performed  in  the  passage  of  the 
milky  liquor  called  chyle,  through  the  lacteal  vessels  to  the 
loins,  and  then  up  under  the  collar  bone,  where  it  mingles  with  the 
blood  ;  the  third,  or  ultimate  stage  of  concoction,  is  performed 
by  the  circulation  of  the  blood  and  chyle  together  through 
the  lungs,  and  the  whole  arterial  system.  In  all  these  stages, 
the  design  seems  evidently  to  have  been  to  grind  and  dissolve 
the  aliment,  and  to  incorporate  it  with  a  large  quantity  of 
animal  juices  already  prepared,  and  reduce  it  at  last  to  the 
very  same  substance  with  our  blood  and  humours. 

In  the  first  stage  of  concoction,  by  a  curious  configuration  of 
parts,  and  action  of  muscles,  adapted  to  their  respective  func- 
tions, our  food  is  ground  small  by  the  teeth,  and  moistened  by 
a  copious  saliva  in  the  mouth.  It  is  in  the  next  place  swal- 
lowed, and  conveyed  down  the  gullet,  where  it  is  farther 
mollified  and  lubricated  by  a  viscid  unctuous  humour,  distilled 
from  the  glands  of  that  canal.  From  thence  it  slips  into  the 
stomach,  where  several  causes  concur  towards  its  complete 
dissolution.  It  is  diluted  by  the  juices,  swelled  and  subtilized 
by  the  internal  air,  and  it  is  macerated  and  dissolved  by  the 
heat  which  it  meets  with  in  the  cavity.  It  is  also  agitated  and 
attenuated  by  the  perpetual  friction  of  the  coats  of  the 
stomach,  and  the  pulsation  of  the  arteries  there  ;  by  the  alter- 
nate elevation  and  depression  of  the  diaphragm  or  midriff  in 
breathing;  and  by  the  compression  of  the  strong  muscles  of 
the  belly.  After  a  proper  stay,  it  is  gradually  propelled  into 
the  intestines,  in  the  form  of  a  thick,  smooth,  uniform,  ash- 
coloured  fluid. 

When  our  aliment,  thus  prepared,  arrives  at  the  intestines, 
it  is  there  mixed  with  three  dilTerent  sorts  of  liquors.  It 
receives  two  kinds  of  bile;  the  one,  thick,  yellow,  and 
extremely  bitter,  from  the  gall-bladder  ;  the  other,  scarcely 
bitter,  or  yellow,  but  in  a  much  larger  quantity,  from  the  liver. 
The  third  liquor  that  falls  here  upon  the  food, issues  plentifully 
from  a  large  glandular  substance,  called  the  pancreas  or  sweet- 
bread, and  is  a  limpid  mild  fluid,  like  the  saliva,  which  serves 
to  dilute  and  sweeten  what  may  be  too  thick  and  acrimonious. 
The  two  saponaceous  biles  resolve  and  attenuate  viscid  sub- 
stances ;  incorporate  oily  fluids  with  aqueous  ones,  making  the 
whole  mixture  homogeneous;  and  by  their  penetrating  and 
detergent  qualities  render  the  chyle  fit  to  enter  the  lacteal 
veins,  into  which  it  is  conveyed,  partly  by  their  absorbent 
nature,  and  partly  by  the  peristaltic  motion  of  the  intestines. 

If  we  now  consider  the  change  which  our  aliment  has  under- 
gone, in  the  mouth,  gullet,  and  stomach,  together  with  a  large 
quantity  of  bile,  and  pancreatic  juice  poured  upon  it  in  the 
intestines  ;  and  if  we  reflect  also  on  the  incessant  action  of  the 
muscles,  blending,  churning,  and  incorporating  the  whole,  we 
shall  readily  perceive,  that  their  united  agency  must  alter  the 
flavours  and  properties  of  the  different  kinds  of  food,  in  such  a 
manner  as  to  bring  the  chyle  nearer  in  its  nature  to  our  animal 
juices,  than  to  the  original  substances  from  which  it  was 
formed.  Our  food,  thus  changed  into  chyle,  constitutes  the 
first  stage  of  concoction;  and  we  shall  find  the  same  assimila- 
tion carried  on  through  the  second. 

The  next  stage  begins  with  the  slender  lacteal  veins,  where 
they  arise  from  the  intestines  by  an  innumerable  multitude  of 
invisible  pores,  through  which  the  fine,  white,  fluid  part  of  the 
chyle  is  strained  or  ab.sorbed  ;  while,  at  the  same  time,  the 
gross,  yellow,  fibrous  part,  conveyed  slowly  forward,  and  fur- 
ther attenuated  in  the  long  intestinal  tube,  is  perpetually  press- 
ed and  drained  of  its  remaining  chyle,  until  the  dregs,  becom- 
ing at  last  useless,  are  ejected  out  of  the  body.  These  lacteal 
veins  issue  from  the  intestines  in  various  directions,  sometimes 
straight,  and  then  oblique,  often  uniting  and  growing  larger, 
but  presently  separating  again.  Tliey  frequently  meet  at  acute 
angles,  and  enter  into  soft  glands  dispersed  through  the  me- 
sentery, from  which  they  proceed  larger  than  before,  and  more 
turgid,  with  a  fine  lymphatic  fluid  :  in  most  places  also  they 
run  contiguous  to  the  mesenteric  arteries,  by  whose  pulsation 
their  load  is  pushed  forward.  And  thus,  after  various  conima- 
nications,  separations,  and  protrusions,  the  lacteal  veins  pour 
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tlieir  cliyle  into  a  sort  of  cistern  or  resf^rvoir  formeil  for  tliat 
purpose,  between  the  lowest  portion  oi  the  diaphrasin  and 
highest  vertebre  of  the  loins.  It  is  very  remarliable,  that  tiiese 
veins  are  furnislied  with  proper  valves,  which  permit  tlie  chyle 
to  move  forward,  but  clfectiially  stop  its  return  ;  and  that  a 
great  number  of  veins  purely  lymphatic,  js  well  as  the  lacteal 
ones,  empty  themselves  into  the  same  cistern. 

In  all  this  contrivance  it  is  evident,  that  the  chyle,  beinp 
more  and  more  diluted  and  blended  witli  abundance  of  lymph 
from  the  glands  through  which  it  passes,  and  from  othi:r 
.sources,  approaches  still  nearer  to  the  nature  of  our  animal 
juices,  and  consequently  becomes  more  fit  for  nutrition. 

The  chyle  is  pushed  from  its  reservoir  into  a  narrow  transpa- 
rent pipe,  called  the  thoracic  duct,  which  climbs  in  a  perpen- 
dicular direction  by  the  side  of  the  back-bone,  from  tlie  loins 
up  to  the  collar-bone,  and  opens  into  the  subclavian  vein  : 
where,  by  the  peculiar  arranjfement  of  several  small  valves, 
the  chyle  mingles  gently  with  the  blood  after  it  has  been 
thoroughly  elaborated,  and  attenuated  with  lympli  from  every 
part  of  the  thorax,  or  great  cavity  of  the  breast,  and  is  from 
thence  soon  conveyed  to  the  heart. 

Thus  we  may  perceive,  that  by  a  wonderfi,!  mechanism,  a 
large  quantity  of  chyle  and  lympli  is  forced  upwards,  in  a 
perpendicular  course,  through  a  thin  slender  pipe;  but  to 
render  this  more  plain,  the  following  particulars  must  be 
attended  to: — First,  to  the  progress  of  the  chyle,  urged  forward 
and  continued  from  the  antecedent  action  of  the  intestines,  and 
the  beating  of  the  mesenteric  arteries.  Secondly,  to  the 
motion  of  the  diaphragm  and  lungs,  in  respiration,  pressing 
the  thoracic  duct  that  lies  under  them,  whilst  the  thorax, 
rising  and  falling,  resists  their  action,  whereby  the  duct  is 
squeezed  between  two  contrary  forces,  and  the  liquor  which  it 
contains  pushed  upwards.  Thirdly,  this  duct  runs  close  by 
the  side  of  the  great  artery,  (called  by  anatomists,  the  superior 
portion  of  the  descending  aorta,)  whose  strong  pulsation 
presses  its  yielding  sides,  and  compels  the  chyle  and  lymph  to 
mount  in  an  upright  ascent.  Fourthly,  il  must  be  oljserved, 
that  this  duct  is  accommodated  with  valves,  which  permit  its 
contents  to  move  upwards  by  every  compression,  but  never  to 
fallback  again.  Thus  terminates  the  second  stage  of  concoc- 
tion, when  the  chyle  falls  into  the  heart.  And  it  may  be  seen, 
that  in  the  progress  through  these  two  stages,  our  aliment  has 
been  mixed  accurately  with  all  the  substances  or  principles 
which  compose  the  blood,  viz.  saliva,  mucus,  lymph,  bile, 
water,  salts,  oil,  and  spirits.  The  most  (luid  and  subtile  parts 
of  our  aliment,  before  and  after  it  is  elaborated  into  chyle,  pass 
into  tlie  blood  by  certain  absorbent  veins  dispersed  all  over 
the  mouth,  gullet,  stomach,  and  intestines:  when  we  consider 
how  quickly  refreshments  and  strength  are  communicated  to 
weary,  faint,  and  hungry  people,  immediately  upon  drinking  a 
glass  of  good  wine,  or  eating  any  cordial  spoon-meat,  this 
remark  will  appear  the  more  obvious. 

The  third  stage  begins  where  the  chyle  mingles  with  the 
blood,  and  falling  soon  into  the  right  ventricle  of  the  heart,  is 
from  thence  propelled  into  the  lungs.  It  will  appear  that  the 
lungs  arc  the  principal  instruments  of  converting  the  chyle 
into  the  blood  ;  especially  if  we  consider  their  structure,  first 
with  regard  to  the  air-vessels  of  which  they  arc  composed, 
and  secondly,  with  regard  to  their  blood-vessels;  for  we  shall 
then  clearly  perceive  the  change  which  their  fabric  and  action 
must  produce  on  the  chyle. 

The  windpipe  is  composed  of  segments  of  cartilaginous 
rings  on  the  fore  part,  to  give  a  free  passage  to  the  air  in  respi- 
ration ;  and  of  a  strong  membrane  on  its  back  part,  to  bend 
with  the  neck,  and  give  way  to  the  gullet  in  deglutition.  This 
pipe  is  lined  throughout  with  an  infinity  of  glands,  which 
perpetually  distil  an  unctuous  dense  humour  to  lubricate  and 
anoint  the  passages  of  the  air.  Soon  after  the  windpipe  has 
descended  into  the  cavity  of  the  breast,  it  is  divided  into  t«o 
great  branches  ;  and  these  two  are  subdivided  into  innumerable 
ramifications  called  bronchia,  which  become  smaller  in  their 
progress,  (not  much  unlike  a  bushy  tree  inverted,)  until  at  last 
they  terminate  in  millions  of  little  bladders  which  hang  in 
clusters  at  their  extremities,  and  are  inllated  by  their  admis- 
sion of  air,  and  subside  at  its  expulsion.  The  clusteis  consti- 
tute the  lobes  of  the  lungs. 


I  The  blood-vessels  of  the  lungs  next  deserve  our  attention. 
The  branches  of  the  pulmonary  artery  run  along  with  those  oi" 
the  windpipe,  and  are  ultimately  siil>divided  into  an  endless 
number  of  capillary  ramifications,  which  are  spread  like  a  fine 
net-work  over  the  surface  of  every  indi>idual  air-bladder;  and 
the  pulmonary  vein,  whose  extreme  branches  receive  the  blood 
and  chyle  from  those  of  the  arteries,  run  likewise  in  form  of  a 
net  over  all  the  air-bladder.s  of  the  bronchia. 

From  this  admirable  structure  of  the  lungs,  it  is  obvioas, 
that  the  crude  mixture  of  the  blood  and  chyle,  passing  through 
the  minute  ramifications  of  the  pulmonary  artery  and  vein,  is 
compressed  and  ground  by  two  contrary  forces,  ri'i.  by  that  of 
the  heart,  driving  the  mixture  forward  against  the  sides  of  the 
bronchia  and  air-bladders;  and  by  the  elastic  force  of  the  air 
equally  repelling  this  mixture  from  the  contrary  side.  By 
these  two  opposite  forces,  the  chyle  and  blood  are  more 
intimately  blended  and  incorporated  ;  and  by  the  admission 
and  expulsion  of  the  air  in  respiration,  the  vessels  are  alter- 
nately inllated  and  compressed,  (and  probably  some  subtile  air 
or  ietlier  is  received  into  the  blood.)  by  w  hich  means  the  mixture 
is  still  farther  attcnuateil  and  dissolved;  and  alter  various 
circulations  through  the  lungs  and  heart,  and  the  whole  arterial 
system,  is  at  last  perfectly  assimilated  with  the  blood,  being 
fitted  to  nourish  the  body,  and  answer  the  different  purposes  of 
animal  life. 

When  the  blood,  thus  prepared  from  the  aliment,  is,  by 
repeated  circulations,  gradually  drained  of  all  its  bland  and 
useful  parts,  and  begins  to  acquire  too  great  a  degree  of 
acrimony,  it  is  carried  olf  by  both  sensible  and  insensible  eva- 
cuations, through  the  several  channels  and  distributions  of 
nature.  By  these  evacuations  the  body  is  made  languid,  and 
requires  a  fresh  supply  of  aliment ;  while  at  the  same  time  the 
saliva,  and  juices  of  the  stomach  and  intestines,  becoming  thin 
and  acid  by  mulliplied  circulations,  vellicate  the  nerves  of 
those  passages,  and  excite  hunger,  as  a  faithful  monitor,  to 
remind  us  of  that  refreshment  which  is  now  become  necessary. 

CONCORD,  in  Grammar,  is  the  same  with  syntax,  in  which 
the  words  of  a  sentence  perfectly  agree:  that  is,  in  which 
nouns  are  in  the  same  gender,  number,  and  ease  ;  and  verbs  in 
the  same  number  and  person  with  nouns  and  pronouns. 

Concord,  in  Music,  is  the  union  of  sounds,  and  is  cither 
perfect  or  imperfect;  perfect  concords  consist  of  the  fifth  and 
eighth,  the  imperfect  of  the  third  and  sixth. 

CONCORI>.\NCK.  This  word  has  been  applied  appro- 
priately to  a  sort  of  dictionary  of  the  Bible,  explaining  the 
words  thereof  in  alphabetical  order,  with  the  several  books, 
chapters,  and  verses  quoted  in  which  they  are  contained.  Its 
chief  use  is  to  enable  a  person  to  find  out  any  text  of  scripture, 
of  which  he  is  able  to  recollect  any  of  the  chief  words. 

CONCORD.\T,  a  covenant  or  agreement  with  the  pope  con- 
cerning the  acquisition,  permutation,  and  resignation  of  eccle- 
siastical benefices.  Most  Catholic  sovereigns  have  such  a 
treaty  with  the  pope. 

CONCRETE  Numbers,  are  those  which  are  made  to  denote 
any  particular  thing,  as  three  pounds,  three  guineas,  &c.  and 
arc  thus  distinguished  from  abstract  numbers,  which  have 
reference  to  no  particular  subject  or  thing,  as  3,  4,  &c. 

CONCRETIONS,  Mouniu,  hard  substances  in  different 
parts  of  the  animal  body. 

CONDENSATION,  the  act  whereby  a  body  is  rendered 
more  dense,  compact,  and  heavy.  Condensation  is,  by  most 
writers,  distinguished  from  compression,  by  considering  the 
latter  as  performed  by  some  external  violence  ;  whereas  the 
former  is  the  action  of  cold. 

CONDENSER,  a  pneumatic  engine,  or  ."iyringe,  whereby  an 
uncommon  quantity  of  air  may  be  condensed  into  a  given 
space  ;  so  that  sometimes  ten  atmospheres,  or  ten  times  as 
much  air  as  there  is  at  the  same  time,  in  the  same  space, 
without  the  engine,  may  be  thrown  in  by  means  of  it,  and  its 
egress  prevented  by  valves  properly  <lisposcd.  It  consists  of 
a  brass  cylinder,  wherein  is  a  moveable  piston  ;  which  being 
drawn  out,  the  air  rushes  into  the  cylinder  through  a  hole  pro- 
vided on  purpose  ;  and  when  the  piston  is  again  forced  info 
the  cylinder,  the  air  is  driven  into  the  receiver  through  an 
orifice,  furnished  with  a  valve  to  prevent  its  escape.  *V*  Air, 
UUN. 
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CONDIMENTS.  These  are  not  properly  alimentary  mat- 
ters, or  sucli  as  become  ingredients  in  the  composition  of  the 
animal  fluid;  yet  they  are  taken  with  advantage  along  «itli 
the  proper  aliments,  the  digestion  and  assimilation  of  which 
lliey,  in  some  degree,  modify.  They  are  of  two  kinds,  saline  or 
acrid  ;  having  this  acrimony,  for  the  most  part,  residing  in  their 
oily  parts.  To  this  list  of  condiments,  we  may  add  capsicum, 
ketchup,  and  soy,  observing,  that  the  whole  of  the  seasonings 
consist  of  salt,  vinegar,  and  aromatics,  combined  together  ; 
and  if  they  are  taken  only  in  the  quantity  necessary  to  render 
the  food  more  sapid,  they  may  increase  the  appetite,  and  favour 
full  eating  ;  but  they  can  hardly  otherwise  do  harm,  unless 
when  the  aromatics  are  taken  in  such  large  quantity  as  to 
weaken  tlio  (one  of  the  stomach. 

CONDITION,  in  Civil  Law,  a  clause  of  obligation,  stipu- 
lated as  an  article  of  a  treaty  or  contract,  legacy,  &c.  In  the 
Common  Law,  condition  is  a  restraint  annexed  to  any  thing, 
so  that  by  the  nonperformance  the  party  shall  sustain  loss,  and 
by  the  performance  receive  advantage. 

CONDUCTOR,  any  body  which  receives  and  communicates 
the  electric  tluid. 

Conductor,  in  Electricity,  a  term  first  introduced  into 
t!iis  science  by  Dr.  Desaguliers,  and  used  to  denote  those 
substaiiccs  which  are  capable  of  receiving  and  transmitting 
electricity  ;  in  opposition  to  electrics,  in  which  the  matter  or 
virtue  of  electricity  may  be  excited  and  accumulated,  or 
retained.  The  former  are  also  called  non-electrics,  and  the 
latter  non-conductors.  And  all  bodies  are  ranked  under  one  or 
other  of  these  two  classes,  though  none  of  them  are  perfect 
electrics,  nor  perfect  conductors,  so  as  wholly  to  retain,  or 
freely  and  without  resistance  to  transmit,  the  electric  iluid. 
To  the  class  of  conductors  belong  all  metals  and  semimetals, 
ores,  and  all  fluids,  (except  air  and  oils,)  together  with  the 
substances  containing  them,  the  effluvia  of  flaming  bodies, 
ice,  (unless  very  hard  frozen)  and  snow,  most  saline  and  stony 
substances,  charcoals,  of  which  the  best  are  those  that  have 
been  exposed  to  the  greatest  heat ;  smoke,  and  the  v.ipour  of 
hot  w  ater.  It  seems  probable,  that  the  electric  iluid  passes 
through  the  substance,  and  not  merely  over  the  surfaces  of 
metallic  conductors  ;  because,  if  a  wire  of  any  kind  of  metal  be 
covered  with  some  electric  substance,  as  resin,  sealing-wax, 
&,c.  and  ajar  be  discharged  through  it,  the  charge  will  be  con- 
ducted as  well  as  without  the  electric  coating.  It  has  also 
been  alleged,  that  electricity  will  pervade  a  vacuum,  and  be 
transmitted  through  it  almost  as  freely  as  through  the  sub- 
stance of  the  best  conductor:  but  the  electric  spark  or  shock 
would  no  more  pass  through  a  perfect  vacuum  than  through 
a  stick  of  solid  glass.  In  other  instances,  however,  when  the 
vacuum  has  been  made  with  all  possible  care,  the  experiment 
has  not  succeeded.  It  has  also  been  observed,  that  many  of 
the  forcmentioned  substances  are  capable  of  being  electrified, 
and  that  their  conducting  power  may  be  destroyed  and  reco- 
vered by  difl'erent  processes  :  for  example,  green  wood  is  a 
conductor;  but  baked,  it  becomes  a  non-conductor ;  again,  its 
conducting  power  is  restored  by  charring  it;  and  lastly,  it 
is  destroyed  by  reducing  this  to  ashes.  Again,  many  elec- 
tric substances,  as  glass,  resin,  air,  &c.  become  conductors  l>y 
being  made  very  hot;  however,  air  healed  by  glass  must  be 
excepted. 

Conductor,  Prime,  is  an  isolated  conductor,  so  connect"d 
with  the  electrical  machine,  as  to  receive  the  electricity  imme- 
diately from  the  excited  electric. 

Conductors  of  Lightning,  are  pointed  metallic  rods  fixed  to 
the  upper  parts  of  buildings,  to  secure  them  from  strokes  of 
lightning.  These  were  invented  and  proposed  by  Dr.  Frank- 
lin for  this  purpose,  soon  after  the  identity  of  electricity  and 
lightning  was  ascertained  ;  and  they  exhibit  a  very  important 
and  useful  application  of  modern  discoveries  in  this  science. 
This  ingenious  philosopher  having  found  that  pointed  bodies 
are  belter  fitted  for  receiving  and  throwing  olV  the  electric  fire 
than  su<h  as  are  terminated  by  blunt  ends  or  Hat  surfaces,  and 
that  metals  are  the  readiest  and  best  conductors,  soon  disco- 
vered that  lightning  and  electricity  resembled  each  other  in 
this  and  other  distinguishing  properties;  he  therefore  recom- 
merided  a  pointed  metalline  rod.  to  be  raised  some  feet  above 
the  highest  part  of  a  building,  and  to  be  continued  down  into 
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the  ground,  or  the  nearest  water.  The  lightning,  should  it 
ever  come  within  a  certain  distance  of  this  rod  or  wire,  woijld 
be  attracted  by  it,  and  pass  through  it  in  preference  to  a.-iy 
other  part  of  the  building,  and  be  conveyed  into  the  earth  or 
water,  and  there  dissipated,  without  doing  any  damage  to  the 
building.  Many  facts  have  occurred  to  evince  the  utility  of 
this  simple  and  seemingly  trilling  apparatus.  And  yet  some 
electricians  have  objected  to  the  pointed  termination  of  this 
conductor,  preferring  rather  a  blunt  end  ;  because  they  con- 
ceive a  point  invites  the  electricity  from  the  clouds,  and 
attracts  it  at  a  greater  distance  than  a  blunt  conductor. 

CONE,  is  a  solid  body  having  a  circular  base,  and  its  other 
extremity  terminated  in  a  single  point  or  vertex.  Cones  are 
either  right  or  oblique.  A  Right  Cone,  is  that  in  which  the 
right  line  joining  the  vertex  and  centre  of  the  base,  is  perpen- 
dicular to  the  plane  of  the  base  ;  as  A  B  C. 
A  right  cone  may  be  conceived  to  be 
generated  by  the  revolution  of  the  right- 
angled  triangle  11  D  C,  about  its  perpen- 
dicular BD.  And  thus,  Euclid  defines 
a  cone  to  be  a  solid  figure,  whose  base  is  a 
circle,  and  is  produced  by  the  entire  revo- 
lution of  the  plane  of  a  right-angled  tri- 
angle about  its  perpendicular,  being  called 
the  axis  of  fhe  cone.  Right  cones  are  distinguished  into 
classes,  according  to  the  magnitude  of  the  angle  at  the  vertex, 
made  by  a  plane  passing  through  that  point  perpendicular  to 
the  base.  An  Acute-angled  Cone,  is  that  in  which  the  angle 
ABC  is  acute,  or  less  than  a  right  angle.  An  Er/uilaterul 
Cone  has  its  side  A  B  e(Hial  to  the  diameter  o-f  the  base  AC. 
An  Obticse-unghfl  Cone,  is  that  in  which  the  angle  ABC  is 
obtuse,  or  greater  than  a  right  angle.  A  llight-angUd  Cosn., 
U  that  in  which  the  angle  A  BC  is  a  right  angle. 

An  Oblique  Cone,  is  that  in  which  the  line  joining  the  vertex 
and  centre  of  the  base  is  not  perpendicular,  but  oblique,  to  the 
plane  of  the  base  ;  as  LM  N  This  solid, 
\Uiich  is  not  treated  of  by  the  ancient 
geometricians,  is  evidently  not  included 
in  the  preceding  definition,  that  having 
reference  to  the  right  cone  only.  It  has 
therefore  been  an  object  "vith  the  moderns 
to  render  the  above  more  general,  so  as 
to  include  both  cases  under  one  and  the 
same  general  definition  or  description, 
which  is  as  follows  :— If  a  line  V  A  con- 
tinually pass  through  the  point  V,  turn- 
ing upon  that  point  as  a  joint,  and  the 
lower  part  of  it  be  carried  round  the  cir- 
cumference ABC  of  a  circle;  then  the 
space  enclosed  between  that  circle  and 
the  path  of  the  line  is  a  cone.  The  circle 
A  B  C  is  the  base  of  the  cone,  V  the  ver- 
tex, and  the  line  V  D  the  axis  ;  D  being 
the  centre  of  the  circle. 

Properties  of  the  Cone. — 1.  Every  cone, 
whether  right  or  oblique,  is  equal  to  one- 
third  of  a  cylinder  of  equal  base  and 
altitude.  And  therefore  the  solidity  of  a 
cone  is  found  by  multiplying  the  area  of  its  base  by  one-third 
of  its  perpendicular  altilude.  2.  The  curve  surface  of  a  right 
cone  is  equal  to  a  circular  sector,  having  its  radius  equal  to 
the  slant  height  of  the  cone,  and  its  area  e<pial  to  the  whole  cir- 
cumference of  the  cone's  base.  And  therefore  tliis  surface  is 
equal  to  half  the  product  of  the  slant  side  into  the  circumference 
of  the  base.  3.  The  surface  of  an  obli(iuc  cone  is  not  quad- 
rable  ;  indeed  no  rule  has  yet  been  found  that  v>ill  even  lead 
to  a  practical  approximation  of  its  area,  notwithstanding  the 
attempts  of  several  ingenious  and  able  mathematicians.  4. 
The  solidity  of  a  cone  with  an  elliptic  base,  forming  part  of  a 
right  cone,  is  equal  to  the  product  of  its  surface  by  a  third  of 
one  of  the  perpendiculars,  drawn  from  the  point  in  which  the 
axis  of  the  right  cone  intersects  the  ellipse  ;  and  it  is  also  equal 
to  one-third  of  the  height  of  the  cone  multiplied  by  the  area  of 
the  elliptic  base.  Consequently,  the  above  perpendicular  is  to 
the  height  of  the  cone,  as  the  elliptic  base  is  to  the  curve  sur- 
face.    Sec  Dr.  Barrow's  "  Lcctiones  Geometricie." 
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Frusiiim  of  a  Cone,  is  that  which  is 
formed  by  cutting  oil'  the  Ujnu-r  part  of 
a  cone,"  by  a  plane  parallel  to  its  base; 
as  the  figure  A  BC  D. 

Cones  of  the  hiyhcr  hinds,  are  those 
■•ihose  bases  are  circles  of  the  hifiher 
kinds;  and  are  generated  by  supposing 
a  right  line  fixed  in  a  point  above, 
though  conceived  capable  of  being  ex- 
tended more  or  less,  on  occasion ;  and  moved  or  carried  round 
a  circle. 

Cone  of  Raijs,  in  Optics,  includes  all  the  several  rays  which 
fall  from  any  point  of  a  radiant,  on  the  surface  of  a  glass. 

Cone,  or  Spindle  {Double),  in  Mechanics,  is  a  solid  formed 
of  two  equal  cones  joined  at  their  bases.  If  this  be  laid  on  the 
lower  part  of  two  rulers,  making  an  angle  with  each  other, 
and  elevated  in  a  certain  degree  above  tlie  horizontal  plane, 
the  cones  will  roll  upwards  towards  the  raised  ends,  and  seem 
to  ascend,  though  in  reality  the  centre  of  gravity  is  descending 
lower. 

CONFES.SION  of  an  offence,  is  when  a  prisoner  is  arraigned, 
and  his  indictment  being  read,  either  he  confesses  the  otVence, 
or  pleads  not  guilty.  Confession  is  express  or  implied. 
Express,  is  where  one,  in  open  court,  confesses  the  crime,  in 
the  most  satisfactory  ground  of  conviction.  Implied,  is  where 
the  defendant,  in  a  case  not  capital,  yields  to  the  king's  mercy, 
and  desires  to  submit  to  a  small  fine,  which  the  court  may 
accept,  without  rerpiiring  a  direct  confession.  The  presump- 
tion of  guilt  in  this  case  is  so  strong,  that  the  defendant  cannot 
afterwards,  in  a  civil  action,  deny  the  trespass.  Confession, 
previous  to  trial,  before  a  justice,  &.c.  may  also  be  given  in 
evidence  afterward.s,  as  against  the  individual  confessing;  but 
it  must  be  voluntary,  not  upon  promise  or  threats,  and  must  be 
taken  in  time.  After  confession,  the  party  may  take  advantage 
of  errors  in  the  indictment,  in  arrest  of  judgment.  Confession 
may  also  be,  in  a  civil  action,  and  is  commonly  on  a  warrant  of 
attorney  for  that  purpose,  which  being  after  accompanied  with 
a  bond,  is  vulgarly  called  a  bond  and  judgment. 

CONFIGURATION,  the  exterior  surface  or  .shape  that 
bounds  bodies,  and  gives  them  their  particular  figure. 

CONFISCATE,  from  confiscare,  and  that  from  pcus,  the 
emperor's  treasure.  Any  goods  which  being  disciaimetl  by 
another,  as  a  felon  upon  trial,  comes  to  the  king,  although  they 
are  the  felon's  own.  Those  which  he  claims  as  his  own,  are, 
upon  conviction,  not  confiscate,  but  forfeited  to  the  king. 

CONFLUENT,  in  Medicine,  an  appellation  given  to  the 
kind  of  small-pox,  wherein  the  pustules  run  into  each  other. 

CONFORMATION,  that  make  and  construction  of  the 
human  body  peculiar  to  every  individual ;  whence  those 
diseases  called  organical,  depend  upon  the  mal-conformation 
of  the  parts. 

CONGE  D'ELiRE,in  ecclesiastical  polity,  the  king's  permis- 
sion granted,  under  his  signature,  to  a  dean  and  chapter  to 
elect  a  bishop. 

CONGELATION,  the  transition  of  a  liquid  into  a  solid  state, 
in  consequence  of  an  abstraction  of  heat :  thus  metals,  oil, 
water.  Sec.  are  said  to  congeal  when  they  pass  from  a  fiuid  into 
a  solid  state.  With  regard  to  fluids,  congelation  and  freezing 
mean  the  same  thing.  Water  congeals  at  32°  ;  and  there  are 
few  li(iuids  that  will  not  congeal,  if  (he  temperature  be  brought 
sulTiciently  low.  Every  particular  kind  of  substance  requires 
a  difierent  degree  of  temperature  for  its  congelation,  which 
affords  an  obvious  reason  why  particular  substances  remain 
always  fluid,  while  others  remain  always  solid,  in  the  common 
temperature  of  the  atmosphere;  and  why  others  arc  some- 
times lluid,  and  at  others  solid,  according  to  the  vicissitudes 
of  the  seasons,  and  the  variety  of  climates. 

In  consequence  of  the  diminution  of  temperature,  which  is 
experienced  as  we  ascend  in  the  atmosphere,  it  is  evident, 
that  in  every  climate  a  point  of  elevatiun  may  be  reached 
where  it  will  be  (rontinually  freezing.  The  altitude  of  the  point 
above  the  surface  of  the  earth,  will  depend  partly  on  the  tem- 
perature of  the  lower  regions  of  the  atmosphere,  and  partly  on 
the  decrement  of  heat  belonging  to  the  column  at  the  period  of 
observation.  Thus,  near  the  equator,  it  was  observed  by 
Bouguer,  that  it  began  to  freeze  on  the  sides  of  the  lofty 
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raouotain  Pinchcncha.  at  the  height  of  l.*},577  feet  above  the 
level  of  the  sea,  whereas  congelation  was  found  by  Saussure 
to  lake  place  on  the  Alps  at  the  height  of  13,428  feel.  By 
tracing  a  line  on  the  plane  of  the  meridian,  through  the  points 
at  which  it  constantly  freezes,  a  curve  is  obtained,  which  has 
been  denominated  the  line  of  Perpetual  Coiujelalion.  'i'hc  height 
at  which  this  curve  intersects  a  vertical  line  in  the  various 
latitudes,  has  been  computed  by  Kirwan.  partly  from  observa- 
tion, and  partly  fromnhc  mean  temperature  of  the  parallel,  and 
the  decrement  of  heat,  as  we  ascend  in  the  atmosphere.  The 
following  table  exhibits  the  result  of  his  calculation ;  and 
though  it  is  constructed  on  the  erroneous  supposition,  that  the 
mean  annual  temperature  of  the  pole  is  31°,  which,  according 
to  the  observations  of  Captain  Scoresby  and  Captain  Parry, 
must  be. far  beyond  the  truth,  it  is  tolerably  accurate  for  the 
more  accessible  regions  of  the  globe. 


^,-,„.^  Meaii  Height  of  Lido 

»"""»">•  of  Congelation. 

•0 15-577 

•5  15-437 

10  150G7 

15  15  498 

20  13-719 

25  13-0.30 

.30  11-592 

35 10-(;64 

40  9-OlG 


Latitude. 


Mean  Height  of  line 
of  CobKetatioQ. 


45  7-658 

50  6  200 

55  4  912 

60  3-684 

65  2-516 

70  1  -5.57 

75  -718 

80  -1-28 


These  numerical  relations  will  be  best  perceived  at  a  glance 
by  means  of  the  following  dingrara. 


H 


14,000 


0 


10      20       30       40      50      60        70       80      90 


Here  EP  represents  the  rectified  meridian  from  the  equator 
to  the  pole  divided  into  intervals  of  111°  each  ;  and  the  dill'erent 
perpendiculars  or  ordinates  at  the  point  0,  10,20,  &e.  represent 
the  height  of  the /rcc-iHf/  point  at  the  equator,  and  at  latitude 
10,  20,  &c.  to  the  pole  P.  The  curve  II  P,  which  has  a  con- 
trary flexure  about  60°,  exhibits  the  general  fonu  of  tlic  line  of 
Perpetual  Congelation  from  the  equator  to  the  pole. 

CONGRUITY,  in  Geometry,  is  the  same  as  identity,  those 
lines  and  surface  being  congruous,  which  will  coincide  or  fill 
the  same  space. 

CONtJKUOUS  Quantities,  are  those  which  are  of  the 
same  kind,  and  therefore  admit  of  comparison  ;  and  quantities 
which  cannot  be  so  compared,  are  incongruous  quantities.  .\ll 
abstract  numbers  are  congruous  ;  but  concrete  numbers  are 
not  congruous,  unless  the  quantities  they  represent  be  so. 
Thus,  3  and  4,  as  abstract  numbers,  are  congruous  ;  but  if  they 
denote  3  pounds  and  4  miles,  they  are  incongruous.  Hence  it 
follows,  that  the  method  commonly  given  in  books  of  arith- 
metic, for  stating  questions  in  the  Rule  of  Three,  is  iiiiproper  ; 
because  it  supposes  a  comparison  between  tpiantities  which 
are  incongruous.  We  cannot  say  properly,  that  3  pounds  :  4 
men  :  :  6  pounds  :  8  men;  but  that  3  pounds  :  6  pounds  :  : 
4  men  :  8  men. 

CONIC.VL,  any  thing  of  a  conical  form,  or  relating  to  the 
cone. 

Conical  Ellipse,  Hi/perbola,  Parabola,  denote  those  fignre.t, 
under  their  most  siiiiple  form,  as  cut  from  the  cone,  to 
3c 
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distinguish  them  from  the  same  figures 
of  a  higher  order.  See  the  respective 
articles. 

Conical  Ungula, or  Conic  T^nr/ula, is  a 
solid  formed  by  a  plane  passintj  throush 
the  side  and  base  of  a  cone,  as  the 
lijjure  ECBF,  8g.  I. 

Conic  Sectioyis,  as  the  name  implies, 
are  such  curve  lines  and  plane  figures  as 

are  produced  by  the  intersection  of  a  plone  with  a  cone.  From 
the  different  positions  of  the  cutting  plane,  there  arise  five 
difierent  sections,  th.  a  triangle,  ellips  ■, 
parabola,  and  hi/perbola.  But  only  the  three 
latter  are  particularly  denominated  conic 
sections.  1.  If  the  secant,  or  cutting 
plane,  pass  through  the  vertex  of  the  cone, 
and  any  part  of  the  base,  the  section  will 
evidently  be  a  triangle,  as  A  V  B,  fig.  2. 

2.  If  the  plane  cut  the  cone  parallel  to 
the  circular  base,  the  section  will  be  a 
circle,  as  A  B  D. 

3.  If  the  plane  pass  through  the  side  and 
base  of  the  cone  parallel  to  the  other  side; 
that  is,  if  the  rutting  plane  make  the  same 
angle  with  the  base  as  the  side  nf  the 
cone  makes,  the  section  is  a  parabola,  as 
DAB,  fig.  3. 

4.  When  the  plane  cuts  both  sides  of 
the  cone,  that  is,  when  it  makes  with  the 
base  a  less  angle  than  the  side  of  the  cone 
makes,  the  section  is  an  ellipse,  as  B  A  D. 

5.  When  the  plane  passes  through  the 
side  and  base  of  the  rone,  making  a  greater 
angle  with  the  base  than  the  side  or  the 
cone  makes,  the  section  is  an  hyperbola,  as 
D  A  E,  fig.  4. 

And  if  the  plane  be  continued  to  cut  the 
opposite  cone,  this  section  is  called  the 
opposite  hijperbola  to  the  former,  as  Berf, 
fig.  6. 

6.  The  vertices  of  any  section  are  the 
points  where  the  cutting  plane  meets  the 
opposite  sides  of  tlie  cone,  as  A  and  B  In 
the  preceding  figures.  Hence  the  ellipse, 
fig.  5,  and  hyperbola  fig.  4,  have  each  two 
vertices,  but  the  parabola  only  one,  unless 
we  consider  the  other  as  at  an  infinite  dis- 
tance. 

7.  The  axis,  or  transverse  diameter,  of  a 
conic  section,  is  the  line  joining  its  vertices, 
as  A  B  ;  therefore  the  axis  of  an  ellipse  is 
within  the  figure,  of  the  hyperbola  without 
it,  and  in  the  parabola  it  is  infinite  in 
length,  fig.  6. 

8.  The  centre  of  a  conic  section  is  in  that 
point  which  bisects  the  axis.  Hence  the 
centre  of  an  ellipse  is  within  the  figure,  of 
the  hyperbola  without  the  figure,  and  in 
the  parabola  it  is  at  an  infinite  distance 
from  the  vertex. 

The  definition  of  the  other  lines,  in  and  about  the  conic 
sections,  will  be  found  under  their  respective  heads  ;  and 
tne  principal  properties  of  the  ditlerent  sections,  under  the 
articles  Ellipse,  Hyperbola,  and  Parabola. 

The  conic  sections  are  of  themselves  a  system  of  regular 
curves  allied  to  each  other,  the  doctrine  of  which  is  of  the 
greatest  use  in  physical  astronomy,  as  well  as  in  the  physico- 
mathematical  sciences,  and  has  been  much  cultivated  by  both 
ancient  and  modern  mathematicians. 

CONIUM.  HiiMLOcK,  a  genus  of  the  digynia  order,  in  the 
pcntandria  class  of  plants,  and  in  the  natural  method  belonging 
to  the  45th  order,  umbellata'.  There  are  five  species.  Conium 
inaculatum,  or  the  greater  hemlock,  grows  naturally  in  Britain. 
It  is  a  biennial  |)lant.  The  stalk  is  smooth,  spotted  with  pur- 
ple, and  rises  from  four  to  six  feet,  branching  out  at  the  top  with 
decompounded  leaves.     The  Howers  are  white.     It  is  a  poison- 


ous plant,  yet  the  internal  and  external  ellicacy  of  the  hemlock 
has  been  proved  in  cancers,  ulcers,  and  scroi'ulous  tumors. 

CONJUGATE  Diameter,  or  Axis  of  an  Ellipsis,  is  the 
shortest  of  the  two  diameters,  or  that  which  bisects  the  trans- 
verse axis. 

CONJUGATION,  in  Grammar,  a  regular  distribution  of  the 
inflexions  of  verbs  in  their  different  voices,  moods,  tenses, 
numbers,  and  persons,  to  distinguish  them  from  each  other. 

CONJUNCTION,  in  Astronomy,  the  meeting  of  two  or  more 
stars  or  planets  in  the  same  degree  of  the  zodiac. 

Conjunction  may  be  considered  as  either  true  or  apparent. 
When  the  two  bodies  meet  in  the  same  point  of  both  longitude 
and  latitude,  the  conjunction  is  true ;  when  they  agree  in  lon- 
gitude, but  differ  in  latitude,  the  conjunction  is  apparent. 

Conjunction  is  either  lieliocentric  or  geocentric. — Heliocentric 
conjunction  is  that  which  would  appear  to  an  observer  at  the 
sun;  geocentric,  that  which  would  appear  to  one  upon  the 
earth. — Geocentric  Conjunctions  are  either  superior  or  inferior: 
thus,  when  a  planet  is  seen  on  the  same  circle  of  latitude  with 
the  sun,  but  beyond  him,  the  conjunction  is  called  superior; 
when  the  planet  is  seen  between  the  earth  and  sun,  the  con 
junction  is  inferior. — Grand  Conjunctions,  are  those  wherein 
several  of  the  planets  are  seen  near  together.  M.  de  la 
Lande  informs  us,  that  on  May  22,  1702,  Jupiter  and  Saturn 
were  within  f^  4'  of  each  other;  on  February  11,  1524,  Venus, 
Mars,  Jupiter,  and  Saturn,  were  very  near  each  other,  and 
Mercury  not  above  16°  from  them;  on  November  11,  1544, 
Mercury,  Venus,  Jupiter,  and  Saturn,  were  within  the  space 
of  10*^;  on  March  17,  1725,  Meieury,  Venus,  Mars,  and  Jupi- 
ter, were  so  near  each  other  as  to  be  all  seen  through  the  same 
telescope  without  altering  its  position  ;  and  on  December  23, 
1769,  Venus,  Mars,  and  Jupiter,  were  within  1°  of  each  other. — 
The  Chinese  have  a  remarkable  record  of  a  conjunction  of  five 
planets,  which  happened  in  the  time  of  their  emperor,  Tehuen- 
hiu  ;  who,  according  to  the  Chinese  annals,  reigned  from  the 
year  2514,  before  Christ,  to  the  year  2436,  B.C. ;  and  which  is 
thought  to  prove  the  great  antiquity  of  this  empire,  and  of 
astronomical  science  amongst  these  people. 

Conjunction,  in  Grammar,  an  inclinable  word  or  particle, 
which  joins  words  or  sentences  together,  shewing  their  mutual 
relation  and  dependence. 

CONJURATION,  strictly  means  combining  together  by 
oath,  especially  with  evil  spirits  to  do  a  public  harm.  The 
using  of  witchcraft,  conjuration,  &c.  was  felony  by  1  Jac.  c.  12. 
but  that  was  repealed  by  9  Geo.  II.  c.  b,  and  the  ofl'ences  and 
all  prosecutions  for  them  abolished  ;  but  if  any  pretend  to 
witchcraft,  or  conjuration,  or  to  tell  fortunes,  or  from  skill  in 
occult  or  crafty  science,  to  discover  goods  or  chattels  supposed, 
they  shall  be  imprisoned  a  year,  and  stand  in  the  pillory  once  a 
quarter,  and  may  be  ordered  to  give  security  for  good  beha- 
viour. The  punishment  of  the  pillory  being  abolished,  they  are 
only  liable  to  the  other  penalties  of  the  statute. 

CONOID,  a  solid  figure  generated  by  the  revolution  of  any 
conic  section  about  its  axis  ;  and  hence  receives  particular 
denominations,  according  to  the  section  from  which  it  is  pro- 
duced ;  a%^i.l.ivi\c\h  Conoid  or  Spheroid,  Parabolic  Conoid, 
and  Hyperbolic  Conoid;  for  which,  see  the  respective  articles. 

CONON,  an  ancient  Greek  mathematician,  the  friend  of 
Archimedes.  He  was  well  .skilled  in  geometry  and  astronomy, 
but  is  not  celebrated  for  any  particular  discovery.  ■ 

CONSANGUINITY,  the  relation  subsistingbetwecn  persons 
of  the  same  blood,  or  who  are  sprung  from  the  same  root. 
Consanguinity  terminates  in  the  sixth  and  seventh  degree, 
excepting  in  the  succession  of  the  crown,  in  which  case  it  is 
continued  to  infinity.  Marriage  is  prohibited  by  the  church  to 
the  fourth  degree  of  consanguinity  inclusive ;  but,  by  the  law 
of  nature,  consanguinity  is  no  obstacle  to  marriage,  except  it 
be  in  the  direct  line. 

CONSCIENCE,  in  Ethics,  a  secret  testimony  of  the  soul, 
whereby  it  gives  its  approbation  to  things  that  are  naturally 
good,  and  condemns  those  that  are  evil. 

CONSCRIPTS,  men  raised  to  recruit  the  French  armies. 
All  men  capable  of  bearing  arms  in  France  and  its  dependen- 
cies are  registered,  and  w  hen  called  upon  by  the  government, 
are  obliged  to  join  the  army  on  any  service. 

CONSEQUENT,  is  the  latter  of  two  terms  of  a  ratio,  or  that 
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to  wlucli  the  antecedent  is  referred  and  compared  ;  thus  in  the 
ratio  a  :  h,  h  is  the  consequent,  and  a  the  antecedent. 

CONSEQUENTIA,  a  Latin  term,  commonly  employed  by 
astronomers  to  denote  tlie  real  or  apparent  motion  of  a  planet 
or  comet,  when  it  is  moving  from  west  to  east,  or  aceordins  to 
the  order  of  the  signs;  and  is  thus  opposed  to  anteccclemlia, 
which  denotes  contrary  motion. 

CONSIDERATION,  in  Law,  the  material  cause  or  ground 
of  a  contract,  witlioul  which  the  party  contracting  would  not 
be  hound.  Consideration,  in  contracts,  is  .'■oraething  given  in 
exchange,  something  that  is  mutual  and  reciprocal;  as  money 
(fiven  for  goods  sold,  work  performed  for  wages.  And  a  con- 
sideration of  some  sort  or  other  is  so  absolutely  necessary  to 
the  forming  of  a  contact,  tliat  a  nudum pacltnyi,  or  agreement  to 
do  or  pay  any  thing  on  one  side,  without  any  compensation  on 
the  other, is  totally  void  in  law  ;  and  a  mf.n  cannot  be  compelled 
to  perform  it.     A  consideration  is  necessary  to  create  a  debt. 

CONSIGNMENT,  in  Law  and  Commerce,  is  the  sending  or 
delivering  over  goods,  money,  &c.  to  another  person,  and  is 
unconditional,  or  for  a  particular  purpose. 

CONSISTENT  BoDiiiS,  a  term  partially  employed  by  philo- 
sophers, particularly  by  Boyle,  to  denolc^rm  oi fixed  bodies, 
in  opposition  to  fluid  ones. 

CONSISTORY,  a  tribunal  ;  every  archbishop  and  bishop  of 
every  diocese  hath  a  consistory  court,  held  before  his  chancel- 
lor or  commissary,  in  his  catliedial  church,  or  other  convenient 
place  of  his  diocese,  for  ecclesiastical  causes.  From  the 
bishop's  court  the  appeal  is  to  the  archbishop  ;  from  the  arch- 
bi.shop's  court  to  the  delegates. 

CONSOLIDATKJN,  in  Civil  Law,  is  the  uniting  the  posses- 
sion or  profit  of  land  with  the  property,  and  the  contrary.  It 
also  denotes  the  uniting  two  benefices  into  one. 

CONSONANCE,  in  Music,  is  the  ellect  of  two  or  more 
sounds  heard  at  the  same  time. 

CONSONANT,  a  letter  that  cannot  be  sounded  without  a 
vowel  before  or  after  it.  Consonants  arc  divided  into  single 
and  double  ;  the  double  are  x  and  z,  the  latter  are  all  single  ; 
and  these  are  again  divided  into  mutes  and  liquids,  the  former 
are  b,  c,  d,  f,  v,  r/,  /,  It,  p,  q,  t,  the  liquids  /,  m,  ?!,  r. 

CONSPIRACY,  in  Law,  signifies  an  agreement  between 
two  or  more,  falsely  to  indict,  or  procure  to  be  indicted,  an 
innocent  person  for  felony. 

CONSPIRATORS  are,  by  statute,  defined  to  be  such  as 
bind  themselves  by  oath,  covenant,  or  other  alliance,  to  assist 
one  another,  falsely  and  maliciously  to  indict  persons,  or 
falsely  to  maintain  pleas. 

CONSTABLE,  an  ofiieer  whose  duty  it  is  to  preserve  the 
peace,  and  to  arrest  all  public  offenders  who  have  comniilted 
the  olTence  in  his  presence,  or  against  whom  he  has  the  war- 
rant of  a  justice  of  the  peace.  There  are  many  persons 
exempted  by  law  from  serving  the  olhce  of  constable ;  these 
arc,  the  ancient  oCTicers  of  any  of  the  colleges  in  the  two  univer- 
sities, counsellors,  attorneys,  and  all  other  olEcers  whose 
attendance  is  rerinired  in  the  courts  of  Westminster-hall, 
aldermen  of  London,  the  president  and  fellows  of  the  fellowship 
of  physic  in  London,  surgeons  and  apotheeaiies  in  London, 
and  within  seven  miles  thereof,  being  free  of  the  company  of 
apothecaries,  and  licensed  teachers,  or  preachers  in  holy 
orders,  in  a  congregation  legally  tolerated,  shall  be  exempted 
from  the  ollice  of  a  constable.  The  prosecutor  of  a  felon  to 
conviction,  or  the  person  to  whom  he  shall  assign  the  certificate 
thereof,  shall  be  discharged  from  the  olilce  of  constable.  But 
generally  speaking,  every  housekeeper,  inhabitant  of  the  parish, 
and  of  full  age,  is  liable  to  fill  the  office  of  constable  :  he  ought, 
however,  to  be  of  the  abler  sort  of  parishioners,  as  being  more 
likely  to  perform  his  duty  with  probity  and  discretion. 

CONSTANT  Quantities,  in  Algebra,  are  those  whose 
values  are  known,  or  which  remain  constantly  the  same. 
These  are  commonly  denoted  by  the  leading  letters  of  the 
alphahet,  «,  i,  e.  See.  to  distinguish  them  from  the  variable  and 
unknown  quantities,  which  arc  represented  by  the  final  letters, 
2,  ?/.  r,  S(c. 

CONSTELLATION,  in  .\stronomy,  an  assemblage  or  system 
of  several  stars,  expressed  and  represented  under  the  name 
and  figure  of  some  animal  or  other  emblem.  The  ancients 
portioned  out  the  firmament  into  several  parts  or  constella- 


tions ;  reducing  a  certain  number  of  stars  under  the  represen- 
tations of  certain  images,  in  order  to  aid  the  imagination  and 
the  memory,  to  conceive  and  retain  their  number  and  disposi- 
tion, and  even  to  distinguish  the  virtues  which  astrologers 
attributed  to  them  ;  in  whi<:li  sen.se  a  man  is  said  to  be  born 
under  a  happy  constellation,  i.e.  under  a  happy  configuration 
of  the  heavenly  bodies. 

The  division  of  the  heavens  into  constellations  is  probably  as 
old  as  astronomy  itself;  at  least  it  was  knovtn  to  the  most 
ancient  authors  extant,  whether  sacred  or  profane.  Job,  chap, 
ix.  vcr.  9,  "  Which  make  h  Arcturus,  Orion,  and  the  Pleiades, 
and  the  chambers  of  the  south."  By  the  "  chambers  of  the 
south,"  some  have  understood  the  constellations  near  the 
south  pole,  which  are  invisible  to  the  inhabitants  of  the 
northern  hemisphere.  From  the  manner  in  which  Job  speaks 
of  commerce,  we  may  infer,  that  he  lived  in  a  country 
frequented  by  merchants,  who  imported  thither  the  rarities  of 
the  south.  Job,  who  lived  in  Arabia  Petraea,  among  the 
merchants,  might  Fiavc  derived  from  them  his  knowledge  of  the 
constellations.  Chap,  xxxviii.  31,  3-J,  "Canst  thou  restrain 
the  sweet  influence  of  the  Pleiades,  or  loosen  the  bands  of 
Orion?  Canst  thou  bring  forth  Mazzaroth,  (by  which  some 
understand  the  twelve  s'giis  of  the  zodiac,)  or  canst  thou  guide 
.Vreturus  with  his  sons  ;  In  the  prophecy  of  Amos,  who  lived 
79U  years  before  Christ,  we  have  the  following  exhortation, 
(chap.  V.  7,  8:)  "  Ye  who  turn  judgment  into  wormwood,  and 
leave  off  righteousness  in  the  earth  ;  seek  him  that  maketh  the 
seven  stars  and  Orion,  and  turneth  the  shadow  of  death  into 
the  morning,  and  maketh  the  day  dark  with  night;  that  called 
for  the  waters  of  the  sea,  and  poureth  them  out  upon  the  face 
of  the  earth  :  the  Lord  is  his  name."  In  this  passage,  the 
seven  stars  and  Orion  are  mentioned  as  being  well  known, 
both  by  Amos,  who  was  a  herdsman  of  Tekoa,  and  the  com- 
mon people,  to  whom  this  exhortation  was  addressed  ;  and  wc 
may  hence  infer,  that  the  constellations  had  been  invented  for 
some  time  before  that  period.  Some  of  the  constellations  arc 
also  occasionally  mentioned  by  Hesiod  and  Homer,  who 
flourished  above  900  j  ears  before  Christ ;  and  Aratus  of  Tar- 
sus, the  astronomical  poet,  who  lived  about  277  years  before 
Christ,  in  his  "  Phenomena,"  professedly  treats  of  them  all, 
except  some  few,  which  were  invented  after  his  time;  shewing 
how  each  constellation  is  situated  with  regard  to  those  that  ar« 
near  it,  what  position  it  bears  with  respect  to  the  principal 
circles  of  the  sphere,  and  what  other  constellations  rise  or  set 
with  it.     See '/icixiwc. 

CONSTITUTION,  an  ordinance,  regulation,  or  law  made 
by  authoritv  of  anv  superior,  ecclesiastical  or  civil. 

CONSTITUTION,  phy.sieally,  is  that  particular  disposition 
of  the  body,  which  results  from  the  properties  and  mutual 
actions  of  the  solids  and  fluids  enabling  them  to  exercise  their 
proper  functions. 

CONSTITUTIONS,  Apostolical,  a  collection  of  regula- 
tions attributed  to  the  apostles,  and  supposed  to  have  been 
collected  by  St.  Clement,  whose  name  they  likewise  bear.  It 
is  the  general  opinion,  however,  that  they  are  spurious,  and 
that  St.  Clement  had  no  hand  in  Iheni.  They  appeared  first  in 
the  fourth  age,  but  have  been  much  changed  and  corrupted 
since  that  time. 

CONSTRUCTION,  in  Geometry,  is  the  drawing  those  lines 
of  a  figure  which  are  previously  necessary  for  the  making  a 
demonstration  more  plain  and  evident. 

CONSTRUCTION  of  Euuations,  in  Algebra,  is  the  finding 
the  roots  of  an  unknown  equation  by  the  geometrical  con- 
structing of  right  lines  or  curves  ;  or  the  reducing  given  ccpia- 
tions  into  geometrical  figure.  And  this  is  done  by  lines  or 
curves,  according  to  the  order  or  rank  of  the  equation. 

CONSUL,  is  an  oflicer  estahlislied  by  virtue  of  a  commis- 
sion from  the  king,  and  other  princes,  in  all  foreign  countrie:; 
of  any  considerable  trade,  to  facilitate  and  despatch  business, 
and  protect  the  merchants  of  the  nation.  The  consuls  are  to 
keep  up  a  correspondence  with  the  ministers  of  England 
residing  in  the  courts  whereon  their  consulate  depends.  They 
are  to  support  the  commerce  and  the  interest  of  the  nation  ;  to 
dispose  of  the  sums  given,  and  the  presents  made  to  the  lords 
ami  principals  of  places,  to  obtain  their  protection,  and  prevent 
the  insults  of  the  natives  on  merchants  of  the  nation. 
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CONTACT,  in  Mathematics,  is  wlien  one  line,  plane,  or 
body,  is  made  to  touch  another,  and  the  parts  which  thus 
touch  are  called  the  points  of  contact. 

CONTAGION,  in  Physic,  the  communicatinft  a  disease  from 
one  body  to  another.  In  some  diseases  it  is  only  elTected  by 
an  immediate  contact,  as  in  the  syphilis  ;  in  others,  it  is  con- 
veyed by  infected  clothes  ;  and  In  others  it  seems  capable  of 
being  transmitted  through  the  air  at  a  considerable  distance. 

CONTENT,  in  Geometry,  is  the  area  or  quantity  of  matter 
or  space  included  within  certain  limits. 

CONTIGUOUS  Anglils,  in  Geometry,  are  those  which  have 
one  leg  common  to  each  angle. 

CONTINGENT,  something  casual  or  uncertain.  Hence, 
future  contingent,  in  logic,  denotes  a  conditional  event  which 
may  or  may  not  happen,  according  to  circumstances.  Contin- 
gent is  also  a  term  of  relation  for  the  quota  which  falls  to  any 
person  upon  a  di\ision.  Cuntintjint  use,  in  law,  is  that  which 
is  limited  in  a  conveyance  of  lands,  which  may  or  may  not 
happen  to  vest  according  to  the  contingency  mentioned  in  the 
limitation  of  the  use.  A  Contingent  remainder  is  where  no 
present  interest  passes  ;  but  the  estate  is  limited  to  take  effect, 
either  to  a  dubious  and  uncertain  person,  or  upon  a  dubious 
and  uncertain  event,  so  that  the  remainder  may  never  take 
cflect. 

CONTINUED  PROPORTION,  in  Arithmetic,  is  that  where 
the  consequent  of  the  first  ratio  is  the  same  with  the  antecedent 
of  the  second. 

CONTRABAND,  in  Commerce,  a  prohibited  commodity, 
or  merchandise  bought  or  sold,  imported  or  exported,  in  preju- 
dice to  the  laws  and  ordinances  of  a  slate,  or  the  pulilic  pro- 
hibitions of  the  sovereign.  Contraband  goods  are  not  only 
liable  to  confiscation  tlieraselves,  but  also  subject  all  other 
allowed  merchandise  found  with  them  in  the  same  box  bale,  or 
parcel,  together  with  the  horses,  waggons,  &c.  which  conduct 
them.  There  arc  contraband  goods  likewise,  wliich,  besides  the 
forfeiture  of  the  articles,  arc  attended  with  several  penalties 
and  disabilities. 

CONTRACT,  a  covenant  or  agreement  between  two  or  more 
persons  with  a  just  consideration.  Contracts  are  either  express 
or  implied.'  Express  contracts  are,  where  the  terms  are  opcjily 
and  plainly  uttered  ;  implied,  are  those  dictated  by  reason  anil 
justice:  thus,  if  a  man  takes  up  goods  without  agreeing  about 
the  price,  the  laiv  concludes,  that  he  contracted  to  pay  the  real 
value. 

CONTRACTION,  or  Dilatation,  an  essential  property  of 
bodies,  is  best  learned  from  experiment.  We  see  that  the 
volume  of  numerous  bodies  is  enlarged  or  diminished,  by  the 
application  of  a  vast  force,  or  else  of  some  delicate  measure  ; 
fluids  may  be  expanded  or  condensed ;  hard  substances 
enlarged  or  contracted.  Thus,  if  a  flaccid  bladder  be  laid 
within  the  receiver  of  an  air-pump,  it  will  gradually  swell  as 
the  exhaustion  advances  ;  but  on  restoring  the  external  pres- 
sure, it  will  again  shrink  into  its  former  dimensions. 

If  a  tall  llask,  nearly  tilled  with  water,  be  inverted  in  a  jar  of 
water,  and  placed  likewise  under  a  pneumatic  receiver,  the  air 
collected  near  the  top  of  the  flask  will  visibly  expand  as  the 
operation  of  pumping  proceeds,  till  it  presses  down  the  water, 
and  begins  to  make  its  escape  from  below  in  the  form  of 
rarefied  bubbles. 

But  air  is  easily  compressed,  by  the  opposite  action  of  a 
syringe.  In  the  vault  or  chamber  of  the  air-gun,  it  is  often 
condensed  fifty  or  even  eighty  times.  Nearly  the  half  of  that 
charge  may  be  thrown  into  the  pneumatic  blow-pipe,  from 
which,  on  partially  opening  the  valve,  it  will  again  flow  for  the 
space  of  a  quarter  of  an  hour. 

Other  gases  are  likewise  notably  contracted  or  dilated,  by 
the  increase  or  diminution  of  external  pressure.  But  liquid 
substances  themselves  manifest  a  similar  property,  though  in 
a  much  lower  degree.  If  a  large  glass  ball,  terminating  in  a 
long  narrow  and  open  stem,  divided  into  minute  spaces  corre- 
sponding to  the  millionth  parts  of  the  whole  capacity,  be  fdled 
with  distilled  water,  carefully  purged  of  air,  and  introduced 
under  the  receiver  of  a  pneumatic  machine;  as  the  exhaustion 
advances,  the  water  will  proportionally  expand,  and  rise  near 
fifty  divisions;  but,  on  admitting  the  atmosphere  again  to 
compress  the  water,  it  will  sink  to  its  former  place  in  the  stem. 


The  contraction  which  the  water  suffers,  at  every  increase  of 
pressure,  exceeds  not  indeed  the  20,000th  part  of  what  p.ir 
would  undergo  in  like  circumstances  ;  but  it  is  equally  real, 
and  evinces  an  inherent  property.  Mercury  treated  in  the 
same  way  shews  a  contraction  three  times  less  than  water. 
Alcohol,  ether,  oils,  and  the  various  acids  and  saline  solutions, 
are  all  condensed  or  expanded,  though  in  different  degrees,  by 
the  change  of  atmospheric  pressure. 

If  the  stem  of  the  instrument  now  mentioned,  were  made  to 
screw  to  the  ball  at  a  wide  aperture,  fragments  of  solid  bodies 
could  be  easily  introduced,  and  the  vacant  space  filled  up  with 
water  ;  the  contraction  of  this  portion  of  water  being  deducted 
from  the  contraction  of  the  mixture,  would  give  the  distinct 
condensation  of  the  hard  materials.  In  this  way,  the  compres- 
sibility of  the  various  stones  and  metals  could  be  accurately 
examined. 

The  contraction  and  distention  produced  by  external  or 
internal  pressure  on  glass,  is  quite  visible  in  a  thermometer 
with  a  large  bulb  and  very  long  tube.  When  the  mercury 
stands  near  the  top  of  the  scale,  it  will  immediately  rise  on 
reclining  the  tube,  and  will  continue  to  flow  till  the  thermo- 
meter has  been  reversed  ;  but  the  mercury  will  again  retreat, 
as  the  instrument  is  brouglit  back  to  its  vertical  position. 
This  experiment  proves,  that  the  bulb  has  its  capacity  sensibly 
enlarged  by  the  llnust  of  the  mercurial  column.  When  long 
bars  of  wood,  iron,  or  other  metals,  are  laid  horizontal  on 
supports,  they  bend  downwards  by  their  own  weight,  and  tliis 
depression  is  increased  by  augmenting  the  incumbent  pres- 
sure. The  upper  fibres  are  therefore  drawn  into  a  narrower 
curve  than  those  at  the  middle  of  the  bar,  while  the  under 
fibres  are  extended  into  a  wider  convexity  :  the  particles  of  the 
former  are  thus  contracted,  and  those  of  the  latter  distended. 
It  is  likewise  obvious,  that  in  this  incurvation,  the  contraction 
or  dilatation  induced  will  he  proportional  to  the  thickness  of 
the  bar. 

The  various  kinds  of  wood  are  far  more  compressible  than 
water,  and  sufler,  hence,  a  very  considerable  degree  of  conden- 
sation, or  being  let  down  to  great  depths  in  the  ocean.  Pieces 
of  oak,  ash,  or  elm,  plunged  two  or  three  hours  in  a  calm  sea, 
at  the  enormous  depth  of  a  thousand  fathoms,  and  then  drawn 
up,  have  been  found  to  contain  four-fifths  of  their  weight  of 
water,  and  to  acquire  such  increase  of  density  as  indicates  a 
contraction  of  the  wood  into  about  half  its  previous  volume. 
The  specimens  which  have  undergone  this  singular  change,  if 
thrown  inlo  a  pail  of  water,  will  sink  like  a  stone.  Hence 
probably  the  reason,  why  barks  lost  near  the  shore,  are  after- 
wards discovered  by  their  timbers  breaking  up  and  floating  to 
the  surface  ;  while  the  ships  which  founder  in  the  wide  ocean, 
acquiring  permanent  density  from  the  vast  compression  they 
sustain,  remain  motionless  at  the  bottom,  and  never  rise  again 
to  disclose  their  fate. 

But  pieces  of  v^'ood,  even  of  the  softer  kinds,  whether  round 
or  square,  may  be  easily  squeezed  in  the  direction  perpendicu- 
lar to  their  fibres,  by  the  action  of  a  common  vice.  If  allowed 
to  stand  only  a  few  minutes  under  that  compression,  and  imme- 
diately thrown  into  water,  they  will  sink  to  rise  no  more.  If 
the  wood  be  kept  much  longer  under  the  vice,  it  will  take  a  set, 
and  become  constitutionally  denser.  Even  cork  may,  by  com- 
pression, be  made  to  sink  in  water;  but  as  its  texture  is  nearly 
uniform,  the  force  must  be  exerted  on  all  sides.  Into  a  thick 
and  very  strong  glass  cylinder,  having  a  syringe  adapted  to  it, 
introduce  a  large  cork  hall,  and  inject  the  air  by  quick  and 
powerful  strokes  ;  the  ball  will  gradually  shrivel,  till  it  has 
contracted  even  to  less  than  one-third  of  its  bulk  ;  but  on 
allowing  the  charge  of  air  to  escape,  the  cork  will  speedily 
resume  its  former  shape  and  dimensions.  If  the  condenser  he 
partly  filled  with  water,  on  which  the  ball  of  cork  is  set  to  float, 
it  will,  under  a  like  compressiuii,  though  it  has  a  minute  por- 
tion of  the  liquid  driven  into  its  substance,  shrink  to  nearly  the 
same  size  as  before,  and  soon  fall  to  the  bottom.  Hence  the 
success  of  the  connnon  experiment  at  sea,  of  letting  down,  in 
calm  weather,  to  the  depth  of  twenty  or  thirty  fathoms,  an 
empty  corked  bottle,  anil  then  drawing  it  up  full  of  water, 
though  the  cork  still  remains  in  the  neck.  The  water  is  not  in 
this  case  forced  through  the  pores  of  the  coik  as  generally 
supposed,  but  the  cork  itself  being  condensed  by  the  lateral 
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pressure  of  the  incumbeat  mass,  allows  it  to  enter  by  the  sides, 
and  dislodge  the  air. 

Bodies  are  also  contracted  or  dilated,  from  the  operation  oP 
some  internal  cause.  Thus,  dry  air  is  visibly  expanded  by  ils 
union  with  moisture.  If,  in  a  warm  room,  the  inside  of  a  tall 
Hask  be  wetted  by  a  few  drops  of  water,  and  the  mouth 
inverted  in  a  basin  of  water,  the  contained  air,  in  proportion 
as  it  becomes  humified,  will  discharge  a  copious  stream  of 
bubbles.  On  the  other  hand,  a  notable  contraction  of  their 
joint  volume  is  produced  in  the  absorption  of  water  by  saw- 
dust, linen,  or  bibulous  paper.  The  combination  of  equal 
measures  of  water  and  alcohol  is  accompanied  by  a  contraction 
amounting  to  the  fiftieth  part  of  the  whole.  A  similar  ellcct 
results  from  the  solution  of  the  sulphate  of  soda,  and  other 
highly  soluble  salts. 

The  alliage  of  diflcrent  metals  often  betrays  a  large  contrac- 
tion. The  power  of  tin  to  condense  copper  in  the  composition 
of  bronze,  was  even  remarked  by  the  ancients,  who  combined 
these  metals  in  various  proporlions,  to  form  their  knives, 
chisels,  or  liatchcts.  Equal  bulks  of  tin  and  copper  are  found 
to  suffer  a  contraction  amounting  to  not  less  than  the  fifteenth 
part-of  their  whole  volume. 

A  liquid,  in  joining  any  solid  substance,  commonly  occasions 
a  general  contraction  ;  but  the  solid  itself  may  yet  by  this 
accession  expand  with  prodigious  force.  Thus  dry  peas  being 
rammed  into  a  gun  barrel,  and  their  interstices  filled  with 
water,  will  in  a  short  time  burst  the  barrel.  In  like  manner,  if 
wedges  of  soft  dry  wood  be  driven  into  slits  made  with  a  saw 
in  blocks  of  freestone  or  marble,  and  then  have  water  poured 
upon  them,  these  wedges  will  quickly  swell  and  rend  the  rock. 
Such  was  the  ancient  mode  of  quarrying,  before  the  explosive 
power  of  gunpowder  came  to  be  introduced.  It  is  still  prac- 
tised in  the  art  of  cutting  millstones  in  France,  holes  being 
bored  at  intervals  in  a  line  drawn  across  the  block,  and  wooden 
plugs  driven  into  them,  and  then  wetted. 

Hence  if  the  side  of  a  thin  piece  of  wood  be  moistened,  it 
will  bend  backwards,  the  humidity  insinuating  itself  into  the 
soft  parencbjmalous  matter  between  the  fibres,  and  therefore 
enlarging  the  circle  of  flexure.  The  thinner  the  wood  is  sliced, 
the  greater  will  evidently  be  the  incurvation  produced  by  the 
wetting  of  its  convex  surface.  The  fibres  of  hair  and  wool, 
by  the  unequal  rubbing  and  moistening  of  their  sides,  are  made 
to  curl  up,  and  lo  condense  like  a  elue.  On  this  propeity 
seems  to  be  really  founded  the  very  important  process  of 
milling,  fulling,  or  felting,  by  which  a  raw  web  of  woollen  cloth 
is  thickened,  and  its  texture  rendered  firm  and  compact. 

A  leathern  thong  is  extended  by  wetting,  so  are  the  filaments 
of  flax  and  hemp  ;  though  a  cord  is  shortened  by  wet,  the 
diameter  of  the  coil  being  increased,  and  the  extension  of  the 
overlapping  fibres  curtailed.  A  sponge  dipped  in  hot  water, 
and  drawn  more  than  once  along  a  rope,  it  will  in  dry  weather 
occasion,  in  one  hour,  a  contraction  of  one-twentieth  part  of 
thewhole  length, — a  remarkable  property  often  advantageously 
employed  as  a  mechanical  agent.  But  the  most  powerful 
principle  of  internal  expansion,  is  the  introduction  of  heat ; 
whose  energies  vary  exceedingly  in  diflcrent  substances,  but 
which  can  always  be  reduced  to  calculation,  by  comparing  its 
elTects  with  the  opposite  influence  ot  external  compression. 
Thus  the  same  absolute  portions  of  heat  communicated  lo 
cylinders  of  one-inch  diameter  and  height,  of  air,  alcohol, 
water,  mercury,  and  copper,  would  enable  those  columns 
respectively  to  sustain  the  weights  of  10,  IvJ,  ;?,  and  2  pounds. 

A  remarkabli^  phenomenon,  of  considerable  importance  in 
raanufaetures,  obtrudes  itself  on  our  notice  in  this  artic^le, 
wiiieh  is,  the  hardness  that  certain  bodies  accpiire  in  conse- 
quence of  a  sudden  contraction,  and  this  is  particularly  the 
case  with  glass  and  some  of  the  metals.  Thus,  glass  vessels, 
suddenly  cooled  alter  having  been  formed,  are  so  very  brittle, 
that  they  hardly  bear  to  be  touched  with  any  hard  body.  The 
cause  of  this  may  be  thus  explained  :  when  glass  in  fusion  is 
very  suddenly  cooled  its  external  parts  become  solid  first,  aiul 
determine  the  magnitude  of  the  whole  piece,  while  it  still 
remains  Huid  within.  The  internal  part,  as  it  cools,  is  disposed 
to  contract  still  further,  but  ils  contraction  is  prevented  by  the 
resistance  of  the  external  parts,  which  form  an  arch  or  vault 
round  it,  so  that  the  whole  is  left  in  a  state  of  constraiul ;  and 
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as  soon  as  the  equilibrium  is  disturbed  in  any  one  part,  the 
whole  aggregate  is  destroyed.  Hence  it  becomes  necessary  to 
anneal  all  glass,  by  placing  it  in  an  oven,  where  it  is  left  to 
cool  slowly  ;  for,  without  this  precaution,  a  very  slight  cause 
would  destroy  it.  The  Bologna  jars,  sometimes  called  proofs, 
are  small  thick  vessels  made  for  the  purpose  of  exhibiting-  this 
efl'ect ;  they  are  usually  destroyed  by  the  impulse  of  a  small 
and  sharp  body;  for  instance,  a  single  grain  of  sand,  dropped 
into  them,  and  a  small  body  appears  to  be  often  more  effectual 
than  a  larger  one ;  perhaps  because  the  larger  one  is  more 
liable  to  strike  the  glass  with  an  obtuse  part  of  its  surface. 

Contraction,  in  Physics,  the  diminishing  the  extent  or 
dimensions  of  a  body,  or  the  causing  ils  parts  to  approach 
nearer  to  each  other,  in  which  sense  it  stands  opposed  to  dila- 
tation or  expansion.  Water  and  all  acjueous  fluids  are  gradually 
contracted  by  a  diminution  of  temperature,  until  they  arrive  at 
a  certain  point,  which  is  about  b°  above  the  freezing  point; 
but  below  that  point  tlu  y  begin  to  expan<l,  and  continue  to  do 
so  according  as  the  temperature  is  lowered  ;  and  similar  efl'ects 
have  been  observed  with  regard  lo  some  metals. 

CONTRA-HAHMONICAL  Proportion,  in  Arithmetic,  is 
that  relation  of  three  terms,  wherein  the  difference  of  the  first 
and  second  is  lo  that  of  the  second  and  third  as  the  third  is  to 
the  first. 

CONTRAVALLATION,  in  the  Military  Art,  is  a  line  formed 
in  the  same  nmnner  as  that  of  cireumvallation,  to  defend  the 
besiegers  against  the  sallies  of  the  garrison. 

CoNTRAVALLATioN,  or  the  Line  of  CtiHlravnllalion,  in  Fortill. 
cation,  a  trench  guarded  with  a  parapet,  and  usually  cut  round 
about  a  place  by  the  besiegers,  to  secure  themselves  on  that 
side,  and  to  stop  the  sallies  of  the  garrison.   Hee  Fortification. 

CONTROLLER,  an  ollieer  appointed  to  control  or  oversee 
the  accounts  of  other  oflicers,  and,  on  occasion,  to  certify 
whether  or  no  things  have  been  controlled  or  examined.  In 
England,  we  have  several  oflicers  of  this  name — controller  of 
the  king's  house,  controller  of  the  navy,  controller  of  the  cus- 
toms, controller  of  the  mint,  &e. 

CONTUMACY,  in  Law,  a  refusal  to  appear  in  court  when 
legally  summoned,  or  the  disobedience  of  the  rules  and  orders 
of  a  court  having  power  to  punish  such  an  oll'ence.  In  Eng- 
land, contumacy  may  be  prosecuted  to  outlawry. 

CONVENTICLE,  a  private  assembly  or  meeting,  for  the 
exercise  of  religion.  The  word  was  first  attributed  as  an 
appellation  of  reproach  to  the  religions  assemblies  of  Wieklifle, 
in  this  nation, in  the  reign  of  Edward  III.  and  Richard  II.,  and 
was  afterwards  applied  lo  illegal  meetings  of  nonconformists. 

CONVENTION,  a  treaty,  contract,  or  agreement,  between 
two  or  more  parties.  Every  convention  among  men,  provided 
it  be  not  contrary  to  honesty  and  good  manners,  produces  a 
natural  obligation,  and  makes  the  performance  a  point  of 
conscience.  Every  con\  eiilion  has  either  a  name  and  a  cause 
of  consideration,  or  it  has  none;  in  the  first  case,  it  obliges 
civilly  and  naturally,  in  the  latter  only  naturally. 

CoNVF.NTioN,  is  also  a  name  given  to  an  extraordinary 
assembly  of  parliament,  or  the  stales  of  the  realm,  had  without 
the  king's  writ ;  as  was  the  convention  of  estates,  who,  upon 
the  retreat  of  James  II.  came  to  a  conclusion,  that  he  had 
abdicated  the  throne,  and  thai  the  right  of  succession  devolved 
lo  King  William  and  Queen  Mary;  whereupon  their  assembly 
expired  as  a  convention,  and  was  converted  into  a  parliament. 

CONVERGENT,  or  Converging,  the  tendency  of  difl'erent 
things,  variously  disposed,  to  one  common  point.  It  is  also 
sometimes  used  to  denote  an  approximation  towards  the  real 
value  of  a  thing. 

CoNVP.RGiNo  Lines,  those  which  lend  to  a  common  point. 

Converging  Ittn/s,  those  which  tend  to  a  common  focus. 

Converging  Series,  those  scries  whose  terms  continually 
diminish.     See  .Serus. 

CONVERSE,  in  Mathematics,  commonly  signifies  the  same 
thing  as  reverse.  Thus,  one  proposition  is  called  the  converse 
of  another,  when,  afler  a  conclusion  is  drawn  from  something 
supposed  in  the  converse  proposition,  that  conclusion  is  sup- 
posed ;  and  then,  that  which  in  the  other  was  supposed,  is 
now  drawn  as  a  conclusion  from  it:  thus,  when  two  sides  of  a 
triangle  are  etiiial.  the  angles  under  these  sides  are  equal;  and,  on 
the  converse,  if  these  angles  are  equal,  the  Iwo  sides  are  equal. 
3u 
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Converse  propositions  are  not  necessarily  true,  but  require 
a  demonstration  ;  and  Euclid  always  demonstrates  sucli  as  he 
has  occasion  for.  An  instance  or  two  will  shew  this.  If  two 
liglit-lined  fixtures  are  so  exactly  of  a  size  and  form  (both 
lespecting  their  sides  and  angles)  that  being  laid  one  on  the 
other,  their  boundary  lines  do  exactly  coincide  and  agree, 
then  no  one  doubts  that  these  tigures  are  equal.  Now  try  the 
converse.  If  two  right-lined  figures  arc  equal,  tlien  if  they  be 
Jaid  the  one  on  the  other,  their  boundary  lines  exactly  coincide 
and  agree.  It  is  manifest  that  this  proposition,  tliough  the 
converse  of  the  former,  is  by  no  means  true.  A  triangle  and  a 
square  may  have  equal  areas;  but  it  is  impossible  the  sides 
of  the  former  can  all  coincide  with  those  of  the  latter.  Again, 
if  two  triangles  have  their  sides  respectively  equal,  their  angles 
will  also  be  respectively  equal,  by  Euc.  i.  8.  But,  if  two  tri- 
angles have  their  angles  respectively  equal,  it  docs  not  follow 
that  the  sides  will  be  respectively  equal :  this  may  or  may  not 
be  true,  according  to  circumstances.  Converse  propositions, 
therefore,  need  a  proof,  notwithstanding  this  has  been  termed 
superfluous  and  impertinent  by  Emerson  and  some  others. 

CONVERSION  of  Proportion,  is  when,  of  four  proportionals, 
it  is  inferred  that  the  1st  is  to  its  excess  above  the  2d,  as  the 
3d  to  its  e,\cess  above  the  4lh. — Conversion,  Centre  of,  in 
Mechanics.     See  Centre  o(  Conversion. 

CONVEX,  round  or  curved,  or  protuberant  outwards,  as 
the  outside  of  a  globular  body. 

CONVEXITY,  the  exterior  or  outward  surface  of  a  convex 
or  round  body. 

CONVEXO-CoNCAVE  Lens,  is  one  that  is  convex  on  one 
side,  and  concave  on  the  other. — Cosy  nxa-Convex  Lens,  is  one 
that  is  convex  on  both  sides. 

CONVEYANCE,  in  Law,  a  deed  which  passes  from  one  or 
more  persons  to  others. 

CONVICT,  in  Common  Law,  a  person  that  is  found  guilty  of 
an  ofl'ence  by  the  verdict  of  a  jury.  The  law  implies,  that 
there  must  be  a  conviction  before  punishment  for  any  otience, 
though  it  be  not  mentioned  in  any  statute.  On  a  joint  indict- 
ment, or  information,  some  of  the  defendants  may  be  convicted, 
and  others  acquitted. 

Convict  Recusant,  a  person  who  has  been  legally  presented, 
indicted,  and  convicted,  for  refusing  to  come  to  church  to  hear 
the  common  prayer,  according  to  the  statutes  1  and  23  Eliz. 
and  3  Jac.  I. 

CONVOCATION,  an  assembly  of  the  clergy  of  England,  by 
their  representatives,  to  consult  of  ecclesiastical  matters.  It 
is  held  (luring  the  session  of  parliament,  and  consists  of  an 
upper  and  lower  house.  In  the  upper  sit  the  bishops,  and  in 
the  lower  the  inferior  clergy.  The  convocation  is  now  a  mere 
form,  and  never  enters  upon  business. 

CONVOLVULUS,  Bind-Wecd,  a  genus  of  the  pentandria 
class  and  monogynia  order,  in  the  natural  method  ranking 
under  the  29th  order,  campanacea>,  of  which  there  are  110 
species. 

CONVOY,  in  Marine  aflairs,  one  or  more  ships  of  war, 
employed  to  accompany  and  protect  merchant  ships,  and  pre- 
vent their  being  insulted  by  pirates,  or  the  enemies  of  the  state 
in  time  of  war. 

Convoy,  in  Military  matters,  a  body  of  men  that  guard  any 
supply  of  men,  money,  ammunition,  or  provisions,  conveyed  by 
land  into  a  town,  army,  or  the  like,  in  time  of  war. 

CONVUL.SION,  a  preternatural  and  violent  contraction  of 
the  membraneous  and  muscular  parts  of  the  body. 

CONUS,  in  Natural  History,  a  genus  of  Vermes  Testacea, 
is  divided  into  five  distinct  families.  There  are  upwards  of 
seventy  species  enumerated.  Many  of  the  conns  tribe  are 
beautiful  shells,  and  bear  a  high  price  on  account  of  their 
rarity.  We  have  no  species  of  this  genus  upon  the  English 
coast.  Some  very  curious  kinds  have  been  discovered  in  a 
fossil  state  in  England,  chiefly  in  the  chalk  clills  of  Hampshire. 
COOKERY,  or  Cookino,  the  exercise  of  art  in  the  prepara- 
tion of  food  for  human  sustenance.  It  consists  not  only  in  the 
application  of  heat  under  various  modifications  and  circum- 
stances, but  also  in  the  due  intermixture  of  condiments,  calcu- 
lated as  well  (o  please  the  palate  as  lo  promote  nutrition.  The 
exercise  of  this  art  is  peculiar  to  man,  and  it  has  heen  deemed 
by  naturalists  one  of  his  peculiar  characteristics,  that  he  is  "  a 


cooking  animal."  Dr.  Cullen  says,  that  the  cooking  of  vege- 
tables by  boiling,  renders  them  more  soluble  in  the  stomach, 
notwithstanding  the  degree  of  coagulation  which  their  juices 
undergo.  In  the  second  place,  the  application  of  a  boiling 
heat  dissipates  the  volatile  parts  of  vegetable  substances, 
which  are  seldom  of  a  nutritious  nature,  but,  in  many  cases, 
have  a  tendency  to  prove  noxious.  In  the  third  place,  boiling 
helps  to  extricate  a  considerable  quantity  of  air,  that,  in  the 
natural  state  of  vegetables,  is  always  fixed  in  their  substance; 
and  it  is  probably  in  this  way,  especially,  that  heat  contributes 
to  the  dividing  and  loosening  the  cohesion  of  their  smaller 
parts.  Thus,  they  are  rendered  less  liable  to  ferment,  and  to 
produce  that  flatulence  which  is  so  troublesome  to  weak 
stomachs. — In  the  cookery  of  animal  substances,  some  practices, 
previous  to  the  application  of  heat,  are  to  be  considered  as 
aflecting  the  solubility  in  the  stomach;  particularly  salting  and 
pickling.  These  processes  are  spoken  of  under  the  article 
Condiments. 

The  cookery  of  animal  substances  is  of  two  kinds,  as  it  is 
applied  in  a  humid  form  in  boiling  and  stewing;  or  in  a  dry 
form,  ia  roasting,  broiling,  and  baking.  IJy  the  joint  applica- 
tion of  heat  and  moisture  to  meat  in  boiling,  the  texture  is 
rendered  more  tender  and  soluble  in  the  stomach  ;  and  it  is 
only  in  this  way  that  the  firmer  parts,  as  the  tendinous,  liga- 
mentous, and  membranous  parts,  can  be  duly  softened,  and 
their  gelatinous  substance  rendered  subservient  to  nutrition. 
Y^et  these  edects  are  dill'erent  according  to  the  degree  of  boil- 
ing. A  moderate  boiling  may  render  their  texture  more  tender, 
without  much  diminution  of  their  nutritious  quality  ;  but  if  the 
hoiling  is  extended  to  extract  every  thing  soluble,  the  substance 
remaining  is  certainly  less  soluble  in  the  stomach,  and  at  the 
same  time  much  less  nutritious.  But  as  boiling  extracts,  in 
the  first  place,  the  more  soluble,  and  therefore  the  saline  parts  ; 
so,  what  remains  is,  in  proportion,  less  alkalescent,  and  less 
heating  to  the  system. 

Boiling  in  digesters,  or  vessels  accurately  closed,  produces 
effects  very  different  from  boiling  in  open  vessels.  From  meat 
cooked  in  the  latter,  there  is  no  exhalation  of  volatile  parts  ; 
the  solution  is  made  with  great  success,  and  if  not  carried  very 
far,  the  meat  maybe  rendered  very  tender,  while  it  still  retains 
its  most  sapid  parts  ;  and  this  is  esteemed  always  the  most 
desirable  state  of  boiled  meat.  If  a  small  quantity  of  water 
only  is  applied,  and  the  heat  continued  long  in  a  moderate 
degree,  the  process  is  called  stewing,  which  has  the  etl'ect  of 
rendering  the  texture  of  meat  more  tender,  without  extracting 
much  of  the  soluble  parts.  This,  therefore,  leaves  the  meat 
more  sapid,  and  in  a  state  perhaps  the  most  nourishing  of  any 
form  of  cookery,  as  we  learn  from  the  admirable  essays  and 
experiments  of  Count  Rumford,  who  found  very  unusual  elTeets 
produced  on  meat,  by  a  low  degree  and  long  continued  action 
of  heat,  both  in  the  dry  and  humid  way. 

The  application  of  a  dry  heat  in  the  cookery  of  meat  is  of  two 
kinds,  as  it  is  carried  on  in  close  vessels,  or  as  it  exposed  to 
the  air.  The  first  of  these  which  we  shall  consider,  is  baking. 
In  this  practice,  meat  has  generally  a  covering  of  paste,  by 
which  any  considerable  exhalation  is  prevented,  and  the  reten- 
tion of  the  juices  renders  the  meat  more  tender.  In  all  cases, 
when  the  heat  applied  loosens,  and  in  some  measure  extricates, 
the  air  without  exhaling  it,  the  substance  submitted  to  this 
process  is  rendered  more  tender  than  when  an  exhalation  is 
allowed.  In  broiling,  an  exhalation  takes  place,  but  as  the 
heat  of  a  naked  fire  is  more  nearly  applied,  the  outer  surface 
is  in  some  measure  hardened  before  the  heat  penetrates  the 
whole,  and  thereby  a  great  exhalation  is  prevented,  while  the 
whole  is  rendered  snificienlly  tender;  but  this  kind  of  cookery 
is  suited  to  meats  that  are  chosen  to  be  eaten  a  little  raw. 
Nearly  akin  to  this  is  tlie  practice  of  frying,  in  which  the  meat 
being  cut  into  thin  slices,  and  laid  in  a  pan  over  the  naked  fire, 
the  heat  is  applied  more  e(|ually  to  the  whole  substance.  Hut 
as  the  part  of  the  meat  lying  next  to  the  bottom  of  the  vessel 
would  be  suddenly  hardened  by  the  heat,  it  is  always  necessary 
to  interpose  some  fluid  matter,  usually  of  an  oily  quality,  as 
hutter.  A  strong  heat  applied  to  the  latter  renders  it  empy- 
reumatic,  or  at  least  less  miscible  with  the  fluids  of  tlie  stomach  ; 
so  that  all  fried  meats  are  less  easily  digested  than  those  of  any 
other  preparation.     Sometimes,  indeed,  the  same  thing  hap- 
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pens  to  baked  meats,  to  wliieh  an  oily  matter,  and  that  only,  is 
added  to  a\oid  (he  too  dryiufj  heat  of  the  oven.  It  is  obvious, 
that  the  preparations  of  slewing  and  fryin;;  may  be  frequently 
joined  togetlier  ;  and  according  to  there  being  more  or  less  of 
the   one   or  other,  the  effects  may  be  imagined. — Watkins' 

CYCI.OPOiDlA. 

COOLKR,  among  brewers,  distillers,  &c.  a  large  vessel 
wherein  certain  liquors  are  cooled  after  having  been  boiled. 

COOPER,  in  the  Trades,  an  artificer  who  makes  casks,  tubs, 
barrels,  and  all  kinds  of  wooden  vessels,  wliicli  arc  bound  toge- 
ther with  hoops.  This  is  unquestionably  a  very  ancient  trade, 
and  is  referred  to  2(100  years  ago  by  the  writers  on  rural 
economy  in  Rome.  Their  descriptions  correspond  in  a  good 
measure  with  the  construction  of  casks  in  our  day.  It  is  not 
known  when  the  business  of  a  cooper  was  first  introduced  into 
this  country,  but  it  has  been  supposed  it  was  derived  from  the 
French.  Wood  used  for  the  purpose  of  cask-making,  shouUl  be 
old  and  thick  ;  straight  trees  are  the  best ;  from  these  are  hewn 
thin  planks,  which  are  formed  into  staves.  In  France,  we  are 
told,  the  wood  is  prepared  in  winter  ;  the  slaves  and  bottoms 
are  then  formed,  and  they  are  put  together  in  summer. 

CO-ORDINATES,  in  the  theory  of  Curies,  signifying  any 
absciss,  and  its  corresponding  ordinate. 

COPaIBA,  or  Balsam  of  Copaira,  a  liquid  resinous  juice, 
which  conies  from  the  trunk  of  the  copaifera  balsamum.  Dis- 
tilled in  water,  it  yields  a  (|uantity  of  limpid  essential  oil. 

COPAIFERA,  a  gertus  of  the  monogynia  order  in  the  decan- 
dria  class  of  plants,  ranking  in  the  natural  method  under  the 
doubtful  order.  There  is  only  one  species,  the  odicinalis,  which 
grows  in  Spanish  America.  Some  trees  do  not  yield  any 
balsam,  and  those  which  do  are  distinguished  by  a  ridge  run- 
ning along  their  trunks.  These  trees  are  wounded  in  the 
centre,  and  one  of  them  will  yield  five  or  six  gallons  of  balsam, 
but  though  they  thrive  after  being  tapped,  they  never  give  any 
more  juice. 

COPAL,  is  a  beautiful  white  resinous  substance,  with  a  slight 
tint  of  brown.  It  is  sometimes  opaque,  and  sometimes  almost 
perfectly  transparent.  When  heated,  it  melts  like  other  resins  ; 
but  it  differs  from  llicm  in  not  being  soluble  in  alcohol,  nor  in 
oil  of  turpentine  without  peculiar  management.  Neither  does 
it  dissolve  in  the  fixed  oils  with  the  same  case  as  the  other 
resins.  When  copal  is  dissolved  in  any  volatile  liquid,  and 
spread  thin  upon  wood,  metal,  paper,  &c.  so  that  the  vohilile 
menstruum  may  evaporate,  the  copal  remains  perfectly  trans- 
parent, and  forms  one  of  the  most  beautiful  and  perfect 
varnishes  that  can  well  be  conceived.  The  varrnsh  thus  formed 
is  called  copal  varnish,  from  the  chief  ingredient  in  it. 

COPARCENARY,  in  Law,  an  estate  is  said  to  be  so  held 
when  lands  of  inheritance  descend  from  the  ancestor  to  two  or 
more  persons. 

COPERNICAN  System,  is  that  system  of  the  world  in  which 
the  sun  is  supposed  at  rest;  and  the  earth  and  the  several 
plannets  to  revolve  about  him  as  a  centre,  while  the  moon  and 
the  other  satellites  revolve  about  their  respective  primaries  in 
the  same  manner.  Tlie  heavens  and  stars  arc  here  supposed 
at  rest,  and  that  diurnal  motion  which  they  appear  to  have  from 
east  to  west  is  imputed  to  the  earth's  motion  from  west  to  east. 
This  system  was  asserted  and  taught  by  many  of  the  ancients, 
particularly  by  Ecphanlus,  Seleucus,  Aristarchus,  Philolaus, 
Cleanthes,  Samius,  Nicetas,  lleraclidcs,  Ponticus,  Plato,  and 
Pythagoras;  from  the  last  of  whom  it  was  anciently  denomi- 
nated the  Piithaijnrcan  S),stem. 

COPERNICUS,  Nicolas,  an  eminent  astronomer,  born  at 
Thorn  in  Prussia,  Jan.  10,  1  I7'2,  very  early  discovered  a  great 
bias  for  mathematics,  which  he  pursued  through  all  its  various 
branches;  and  soon  acquired  so  great  a  reputation,  that  he 
was  chosen  professor  of  mathematics  at  Rome,  where  he 
taught  for  a  long  time  with  great  applause.  He  also  made 
some  astronomical  observations  there  about  the  year  1500. 
Returning  to  his  own  country,  he  began  to  apply  his  knowledge 
to  correct  the  system  of  astronomy  which  tlien  prevailed.  Of 
all  the  hypotheses  of  the  ancients,  none  pleased  him  so  well  as 
the  Pythagorean,  which  made  the  sun  the  centre  of  the  system, 
and  supposed  the  earth  to  move  not  only  round  the  sun,  but 
round  its  own  axis  also.  After  much  profound  contemplali(ui, 
and  many  careful  calculations,  he  removed  the  obscurities  of 


this  old  system,  and,  in  fact,  much  improved  it.  His  discove- 
ries and  improvements  he  comprised  in  a  book,  printed  in 
1.013,  under  the  title  of  "  Revolutionibus  Orbium  Culestium ;" 
and  the  author  received  a  copy  of  it  a  few  hours  before  his 
death,  on  the  24th  of  May  1.54,'J,  he  being  then  70  years  of  age. 
Few  works  have  destroyed  more  errors,  or  established  more 
important  truths,  than  this  great  work  of  Copernicus.  His 
noide  theory  was  at  first  coldly  received,  or  utterly  rejected: 
but  the  labours  of  future  astronomers  at  length  obtained  it  a 
complete  triumph.  Corpernicus  was  also  the  first  who  demon- 
strated the  double  orbit  of  the  moon  ;  her  menstrual  motion 
about  the  earth,  and  her  annual  abunt  the  sun.  Nor  did  this 
great  man  stop  here  :  for,  after  laying  a  solid  foundation  of  the 
celestial  physiis,  he  began  the  superstructure,  by  surmising  a 
principle  of  attriiction  to  be  inherent  in  all  matter.  Copernicus 
also  wrote  a  tract  on  Trigonometry  ;  and  has  exhibited  tokens 
of  the  versatility  of  his  talents,  as  it  is  acknowledged  that  be 
had  considerable  skill  as  a  painter,  and  was  extremely  well 
acquainted  with  the  Latin  and  Greek  languages. 

CoPEKMci's,  the  name  of  an  astronomical  instrument, 
invented  by  Winston,  to  shew  the  motion  and  phenomena  of 
the  planets,  both  primary  and  secondary. 

COPPER,  a  well-known  metal,  orange-coloured,  nine  limes 
heavier  than  water,  and  very  elastic.  This  fine  metal,  of  which 
Great  liritain  produces  abundance,  is  manufactured  into 
numerous  kinds  of  utensils,  machinery  in  powder  mills,  sash 
frames,  and  several  preparations  of  medicine.  The  oxide  or 
rust  of  copper  gives  a  beautiful  green  to  porcelain,  or  glass  : 
hence  it  is  emplojcd  in  making  artificial  emeralds.  Copper  is 
very  abundantly  used  in  covering  the  bottoms  of  ships.  It  is 
nearly  forty  years  since  the  more  intelligent  among  our  ship- 
owners introduced  the  use  of  copper  as  sheathing  for  their 
vessels,  and  the  advantages  soon  became  so  conspicuous,  as 
to  lead  to  its  adoption  in  most  cases  where  the  circumstances 
of  iho  owners  were  such  as  to  admit  of  the  expense.  In  the 
navy,  the  more  general  use  of  copper  has  formed  one  of  the 
main  features  of  the  iniprovemenls  of  the  age,  but  at  a  great 
expense,  in  consc(|uence  of  the  rapid  decay  of  the  article  ;  for 
while  in  a  few  cases  copper  would  be  found  to  last  ten  or 
filteen  years,  in  the  great  majority  of  instances  it  was  worn 
out  in  a  third,  or  less  than  a  third,  of  the  time.  The  Commis- 
sioners of  the  Navy,  anxious  to  lessen  this  source  of  expense, 
and  still  more  the  uncertainty  which  attaches  to  the  duration 
of  vessels,  particularly  on  foreign  stations,  from  the  decay  of 
the  copper,  determined  that  a  course  of  experiments  should  be 
instituted,  to  ascertain,  if  possible,  the  cause  of  this  remarkable 
difference  in  the  cpiality.  Application  was,  therefore,  made  to 
Sir  H.  Davy,  and  the  council  of  the  Royal  Society,  for  their 
assistance,  also  to  the  ollicers  of  his  Majesty's  Mint.  At  the 
Mint  the  investigation  was  undertaken  by  Mr.  Mushct,  who, 
from  his  situation  in  the  melting  department,  had  great  advan- 
tages, both  in  experience,  and  in  the  command  of  machinery  for 
making  experiments.  He  was  also  supplied  with  specimens 
of  copper  by  the  Navy  Board,  taken  from  the  bottom  of  a 
Dutch  ship,  the  Batavia,  captured  in  the  year  1798,  the  copper 
of  which,  after  25  years'  w  ear,  was  very  perfect,  though  con- 
siderably reduced  in  weight.  Mr.  Mushet,  after  engaging  in 
this  important  investigation,  at  last  brought  his  labours  to  a 
satisfactory  close,  having  arrived  at  a  knowledge  of  the  che- 
mical process  by  which  durability  is  communicated  to  copper, 
and  having  taken  out  a  patent  for  the  newly  discovered  method. 

COPPERAS,  the  grcei\  salt  sulphate  of  iron  is  so  named; 
and  also  the  blue  salt  sulphate  of  copper  is  sometimes  also 
called  copperas. 

COPPERED,  or  C<ippi'U-nnTTOMr.D,  sheathed  with  thin 
sheets  of  copper,  which  prevents  the  worm  eating  into  the 
planks,  or  filth  accumulating  on  the  bottom,  «  hereby  a  ship  is 
made  to  sail  heavily. 

Coppr.R-FASTFNii),  the  bolts  and  other  metal  work  in  the 
exterior  of  the  bottom,  made  of  copper  instead  of  iron  ;  the 
advantage  of  which  is,  that  the  vessel  may  afterwards  be  cop- 
pered without  danger  of  the  sheathing  corroding  the  heads  of 
the  bolts,  which  it  is  lomid  to  do,  if  they  are  made  of  iron  ;  and 
to  prevent  the  rapid  corrosion  and  decay  of  copper,  on  the 
bottoms  of  ships,  Sir  H.  Davy  recommends  the  fixing  of  small 
masses  or  wires  of  tin,  or  some  other  readily  oxid.iblc  metal. 
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in  contact  with  the  copper  slieatliinK,  by  which  it  is  expected 
that  the  copper  will  be  rendeicd  so  negatively  electrical,  that 
the  sea  w  ater  will  act  but  slij;litly  upon  it. 

COPULA,  in  Logic,  the  verb  which  connects  any  terras  in  an 
afliruiative  or  negative  ;  as  riches  make  a  man  happy,  where 
the  word  muke  is  the  copnla. 

COPULATIVE  PRoroRTioNs,  arc  those  wherein  the  sub- 
ject and  predicate  are  so  joined  by  copulative  conjunctions, 
ibat  they  may  be  severally  affirmed  or  denied  of  one  another. 

COPYHOLD,  in  Law,  a  tenure  for  which  the  tenant  has 
nothing  to  shew  but  the  copy  of  the  rolls  made  by  the  steward 
in  the  lord's  court. — The  customs  of  manors  differ  as  much  as 
the  humour  and  temper  of  the  respective  ancient  lords  ;  so  a 
copyholder  by  custom  may  be  tenant  in  fee-simple,  in  fee-tail, 
for  life,  by  the  courtesy,  in  dower,  for  years,  at  suilerance,  or 
on  condition;  subject,  however,  to  be  deprived  of  these 
estates  upon  the  concurrence  of  those  circumstances  which  the 
will  of  Uie  lords,  promulged  by  immemorial  custom,  hath 
declared  to  be  a  forfeiture,  or  absolute  determination,  of  those 
interests;  as  in  some  manors  the  want  of  issue,  in  others  the 
want  of  issue  male,  in  others  the  cutting  down  timber,  in  others 
the  non-payment  of  rent  or  fine.  Yet  none  of  these  interests 
amount  to  freehold ;  for  the  freehold  of  the  whole  manor 
abides  always  with  the  lord  only,  who  hath  granted  out  the  uso 
of  occupation,  but  not  the  corporeal  seizin,  or  true  possession 
of  certain  parts  or  parcels  thereof,  to  these  his  customary 
tenants  at  will.  If  a  person  would  devise  a  copyhold  estate. 
he  cannot  do  it  by  his  will,  but  he  must  surrender  to  the  use  of 
his  last  will  and  testament,  and  in  his  will  declare  his  intent; 
and  here  the  lands  do  not  pass  by  the  will,  but  by  the  sui ren- 
der thus  made.  Copyhold  inheritances  have  no  collaleriil 
qualities,  which  do  'not  concern  the  descent,  as  to  make  ihcin 
assets  to  bind  the  heir,  or  whereof  the  wife  may  be  endowed, 
&,c.  They  are  not  extendible  in  execution,  but  are  within  the 
acts  against  bankrupts,  and  the  statutes  of  limitation. 

COPYRIGHT,  the  right  which  an  author  may  be  supposed 
to  have  in  his  own  original  literary  compositions ;  so  that  no 
other  person,  without  his  leave,  may  publish  or  make  profit  of 
the  said  compositions. 

CORACIAS,  the  IMler,  a  genus  of  birds  of  the  order  of 
picae,  of  which  there  are  sixteen  species,  though  some  are  only 
supposed  to  be  varieties. 

CORALLINA,  or  Coral,  a  genus  belonging  to  the  order  of 
vermes  zoophyta.  The  species  are  distinguished  by  the  form 
of  their  branches,  and  are  found  in  the  ocean  attached  to  stones, 
bones,  shells,  &c.  The  corals  were  formerly  believed  to  he 
vegetable  substances,  but  are  now  known  to  be  only  a  conge- 
ries of  animals.  The  islands  in  the  South  Seas  are  mostly 
coral  rocks  covered  over  with  earth.  The  little  creatures,  which 
have  hardly  sensation  enough  to  distinguish  them  from  plants, 
build  up  a  rocky  structure  from  tlie  bottom  of  the  sea,  till  it 
reaches  the  surface.  Some  of  the  coralline  islands  are  much 
older  than  others,  and  it  is  probable,  that  as  these  submarine 
works  are  continually  going  on,  new  islands  may  be  occasionally 
produced. 

COR.'VLLINES,  in  Natural  History,  were  formerly  reckoned 
plants,  but,  in  the  Linna3an  system,  are  placed  in  the  class 
zoophjtae,  and  defined  to  be  submarine  plants,  like  bodies  con- 
sisting of  many  slender  finely  divided  and  jointed  branches,  or 
animals  growing  in  the  form  of  plants,  having  their  stems  fixed 
to  other  bodies,  which  stems  are  composed  of  capillary  tubes, 
whose  extremities  pass  through  a  calcareous  crust,  and  open 
into  pores  on  the  surface.  The  branches  are  often  jointed,  and 
always  subdivided  into  smaller  branches,  which  arc  either 
loose  and  unconnected,  or  jointed  as  if  glued  together.  They 
are  distinguished  from  plants  by  their  texture  and  hardness; 
they  also  yield  in  distillation  volatile  salt,  and  their  smell 
when  turbid  resembles  that  of  horns,  and  other  animal  sub- 
stances. The  corallines  are  distributed  into  the  vesiculated, 
tubular,  cellifcrous,  and  articulated  winds. 

CORALS,  consist  of  nearly  equal  portions  of  carbonate  of 
lime  and  animal  matter. 

CORBEILS,  in  Fortification,  are  baskets  filled  with  earth, 
and  so  placed  on  the  parapet,  or  elsewhere,  as  to  leave  open- 
ings through  which  to  fire  upon  the  enemy  without  being 
discovered. 


CORD,  Magical,  an  instrument  in  great  use  among  the 
Laplanders,  and  supposed  to  possess  considerable  virtues  in 
certain  magical  rites  and  ceremonies.  When  properly  pre- 
pared with  knots,  it  is  supposed  to  have  power  over  the  winds, 
and  by  means  of  it  they  will  sell  a  favourable  wind  to  any  one 
that  has  faith  enough  to  become  a  purchaser.  If  they  untie 
only  one  of  these  knots,  a  moderate  gale  is  to  succeed  ;  if  two, 
it  is  much  stronger,  and  if  three,  there  is  to  be  a  storm. 

CORDAGE,  a  general  term  for  the  running-rigging  of  a  ship, 
as  also  for  the  rope  which  is  kept  in  reserve  to  supply  the 
place  of  such  as  may  be  rendered  unserviceable. 

CORDON,  in  Fortification,  a  row  of  stones  made  round  on 
the  outside,  and  set  between  the  wall  of  the  fortress  which  lies 
aslope,  and  the  parapet  which  stands  perpendicular. 

CORDWAINERS,  a  term  applied  to  the  profession  of  shoe- 
makers, and  by  which  they  are  incorporated.  The  word  is 
formed  from  the  French  cvrdonniei\  and  that  from  cordovan,  a 
kind  of  leather  brought  from  Cordova  in  Spain. 

CORIANDRUM,  Coriander,  a  genus  of  the  digynia  order 
in  the  pentandria  class  of  plants,  and  in  the  natural  method 
ranking  under  the  45th  order  umbellatae.  There  are  only  two 
species,  both  herbaceous  annuals,  the  leaves  of  which  are 
useful  for  culinary  and  the  seeds  for  medicinal  purposes.  The 
leaves  of  both  species  resemble  those  of  parsley  ;  but  only  one  is 
cultivated,  namely,  the  sativum,  which  has  a  small  w  hite  fibrous 
root  crowned  by  many  parted  leaves  with  broadish  segments; 
in  the  centre  is  an  upright  branchy  stalk,  two  feet  high,  having 
all  the  branches  terminated  by  umbels  of  flowers,  which  are 
succeeded  by  globular  fruit.  It  is  propagated  by  seed  sown 
in  March.     The  seeds  are  carminative  and  stomachic. 

CORONA  AUSTRALIS,  the  Southern  Cioun,  is  an  astcrism 
interwoven  with  Sagittarius,  and  appearing  like  a  wreath  of 
foliage  round  one  of  the  fore  legs  of  the  fabulous  Centaur. 
There  are  twelve  small  stars  in  this  constellation. 

CORONA  BOREALIS,  the  Northern  C'roun.  This  constel- 
lation represents  a  beautiful  crown  given  by  Bacchus,  it  is  said, 
to  Ariadne,  the  daughter  of  Minos,  second  king  of  Crete. 
Bacchus,  continues  the  fable,  married  Ariadne,  after  she  was 
basely  deserted  by  Theseus,  king  of  Athens;  and  after  licr 
death,  the  crown  that  Bacchus  had  given  her,  was  made  a 
constellation.  This  asterism  was  known  to  the  Hebrews  by 
the  name  oi  Ataruth,  and  by  this  name  the  stars  in  Corona 
Borealis  are  so  called  to  this  day  in  the  East. 

Boundaries  and  Contents. — This  constellation  lies  between 
Bootes  and  Hercules, and  is  easily  known  by  four  stars,  a,  y,  S,i, 
forming  a  crescent.  It  contains  21  stars,  of  which  a,  called 
also  Gemma,  is  of  the  2d  magnitude.  Gemma  rises  N.  E.  by 
N.  I  E.  and  has  27°  19'  39"  of  north  declination,  and  231°  4(i'  21" 
of  right  ascension.  There  are  likewise  six  stars  of  the  4th 
magnitude,  ami  the  others  are  less  in  size.  Meridian  altitude 
of  o,  G3°  48'  39". 

CORK,  is  a  substance  analogous  to  wood;  it  is  the  exterior 
bark  of  a  tree  belonging  to  the  genus  oak,  which  grows  wild  in 
the  southern  parts  of  Europe.  When  the  tree  is  fourteen  or 
fifteen  years  old  it  is  fit  to  be  barked,  and  may  be  done  suc- 
cessively for  several  years.  The  bark  always  grows  up  again, 
and  its  quality  improves  as  the  age  of  the  tree  increases.  If 
the  bark  is  not  taken  olf  in  due  time,  it  splits  and  peels  off 
of  itself,  being  pushed  away  by  the  second  growth.  'The  best 
bark  comes  from  Spain  and  Portugal  ;  it  is  taken  ofl'in  sheets, 
care  being  used  in  keeping  them  as  large  as  possible.  After  it 
is  detached  from  the  tree  the  Portuguese  burn  or  char  it,  laying 
the  convex  side  of  the  bark  to  the  lire,  in  order  to  straighten 
and  swell  it.     It  is  then  piled  in  stacks  ready  for  sale. 

Cork  is  formed  into  soles  for  shoes,  into  corks  and  bungs  for 
stopping  bottles,  &c.  into  a  floatage  for  the  nets  of  fishermen  ; 
it  is  employed  generally,  though  perhaps  with  a  considerable 
degree  of  error,  iti  teaching  the  art  of  swimming  ;  it  is  also 
ingeniously  used  on  account  of  its  lightness,  when  an  amputa- 
tion of  the  human  leg  has  been  necessary,  to  supply  the  defi- 
ciency. The  Spaniards  line  stone  walls  with  it,  which  not  only 
renders  their  houses  very  warm,  but  corrects  the  moisture  of 
the  air;  the  Egyptians  made  coffins  of  it,  which  being  covered 
in  the  inside  with  a  resinous  composition,  preserved  their  dead 
bodies.  It  is  burnt,  to  make  that  light  black  substance  called 
Spanish  black,  from  its  having  been  first  made  in  Spain.    Cork 
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bark  has  not  only  been  applied  as  above,  but  also  in  the  pre- 
servation of  life  when  in  clanjjer  of  shipwreck. 

Cork  Fvssil,  a  kind  of  stone  which  is  a  species  of  amianthus, 
consistinj?  of  flexible  fibres  loosely  interwoven,  and  resembling 
cork.     It  is  fusible  by  fire,  and  forms  a  black  glass. 

Cork  Jacket,  a  sort  of  waistcoat  composed  of  four  pieces  of 
cork,  two  for  the  breasts  and  two  for  the  back,  the  whole 
covered  with  canvass,  with  two  holes  to  put  the  arms  through. 
It  was  invented  by  Mr.  Dubourg,  but  has  been  improved  by 
Dr.   Wilkinson   by   cutting   the   cork   into   small  pieces,    and 

?uilting   them   between  two   canvass   waistcoats.     The   most 
imorous  may  venture,  with  one  of  these  on,  into  a  rough  sea. 

CORN,  the  grain  or  seeds  of  plants  separated  from  the 
spica  or  ear,  and  used  in  making  bread.  It  is  contrary  to  the 
statute  to  buy  or  sell  corn  in  the  sheaf,  or  otherwise  than  by 
Winchester  measure. 

Corn,  in  Medicine  or  Surgery,  a  hard  tubercle  like  a  flat 
wart,  growing  in  several  parts  of  the  feet,  especially  upon  the 
joints  of  the  toes.  This  disorder  is  attributed  to  the  wearing  of 
too  straight  or  narrow-toed  shoes,  which  never  fail  to  produce 
these  tubercles,  especially  if  the  person  is  obliged  to  stand  or 
walk  much,  and  in  the  summer  time.  Various  are  the  methods 
used  for  removing  these  callosities  of  the  skin  anil  cuticle; 
some  by  the  knife,  and  others  by  the  application  of  emollient 
and  caustic,  or  eroding  medicine. ^As  tew  things  are  more 
troublesome  than  corns  in  the  feet  to  those  who  have  much 
walking,  we  may  observe,  that  the  pressure,  may  be  prevented 
in  the  following  manner :  Take  a  piece  of  linen,  spread  with 
any  emollient  plaster;  lay  one  piece  over  another,  eight,  or 
ten,  or  more  times,  and  cut  a  hole  in  the  middle  of  them, 
exactly  the  same  size  and  circumference  as  the  corn,  then 
apply  it  in  such  a  way  that  the  corn  enters  the  hole  in  the 
piaster,  and  it  is  thus  defended  against  the  contact  of  slioes  and 
stockings. 

CORNER  STONES,  in  Architecture,  the  two  stones  which 
stand  one  in  each  joint  of  the  chimney,  commonly  made  of 
Reigatc  or  free-stone. 

,  CORNET,  in  the  Military  art,  the  third  commissioned  oflicer 
in  a  troop  of  horse  or  dragoons.  He  commands  in  the  lieu- 
tenant's absence,  his  principal  duty  being  to  carry  the  stand- 
ard near  the  middle  of  the  first  rank  of  the  squadron. 

Cornet,  among  the  Ancients,  a  musical  instrument  resem- 
bling a  trumpet  used  in  war. 

CORNUCOPIA,  or  Horn  of  Plenty,  among  Painters, 
&c.  is  a  large  horn,  out  of  which  issue  fruits,  (lowers,  &c.  Upon 
models,  the  cornueopiae  is  given  to  all  deities,  genii,  and  heroes, 
to  mark  the  felicity  and  abundance  of  all  the  wealth  procured 
by  the  goodness  of  the  former,  or  the  care  and  valour  of  the 
latter. 

COROLLARY,  a  consequence  drawn  from  something 
advanced  or  demonstrated. 

CORONATION,  the  public  and  solemn  confirming  the  title, 
and  acknowledging  the  right  of  sovereignty  belonging  to  a  king 
or  queen  ;  at  which  time  the  prince  swears  reciprocally  to  the 
people,  to  observe  the  laws,  customs,  and  privileges  of  the  king- 
dom, and  to  act  and  do  all  things  conformable  thereto. 

CORONER,  an  ancient  olliccr  at  the  common  law,  and  so 
called  because  he  acts  chiclly  in  pleas  of  the  crown.  I5y  sta- 
tute no  person  can  be  chosen  coroner  unless  he  have  land  in 
fee  in  the  county.  The  electors  also  must  be  freeholders.  'I'he 
coroner's  duty  is  to  inquire  how  any  person  came  by  an 
untimely  death,  lor  which  purpose  he  issues  a  precept  to  the 
constables  to  return  a  competent  number  of  persons  to  serve  as 
a  jury,  which  must  consist  of  twelve  at  the  least.  He  may 
commit,  after  inquisition,  any  person  found  guilty  by  the  jury 
of  murder  or  manslaughter,  and  may  bind  over  the  witnesses 
to  give  evidence.  It  is  also  the  duty  of  the  coroner  to  inquire 
of  treasure  that  is  found,  who  were  the  finders,  and  also  who  is 
suspected  thereof.  Ry  S-OOeorgell.  the  coroner  shall  have '20a-. 
and  9/1.  a  mile  for  the  distance  he  shall  travel  to  take  an 
inquisition,  paid  him  out  of  the  county  rates. 

CORPORAL,  an  inferior  officer  in  a  company  of  foot,  who 
has  charge  over  one  of  the  divisions,  places  and  relieves  senti- 
nels, and  keeps  order  in  the  S(|uad  to  which  he  belongs  ;  he 
also  receives  the  word  from  the  inferior  rounds,  which  pass 
by  his  corps-dc-garde.  This  oUieer  carries  a  fusee,  and  is 
22. 


commonly  an  old  soldier:  there  are  generally  tbree  corporals  in 
each  company. 

CORPORATION,  a  body  politic  or  incorporate,  so  called 
because  the  persons  or  members  are  joined  into  one  body,  and 
are  qualified  to  take  and  grant,  &c.  Corporations  arc  either 
spiritual  or  temporal :  spiritual,  as  bishops,  deans,  archdeacons, 
parsons,  vicars,  &c. ;  temporal,  as  mayor,  community,  bailiH's, 
burgesses,  &c.  And  some  corporations  are  of  a  mixed  nature, 
composed  of  spiritual  and  temporal  persons,  such  as  heads  of 
colleges  and  hospitals,  &c.  All  corporations  are  said  to  be 
ecclesiastical  or  lay  :  the  former  are  either  regular,  as  abbeys, 
priories,  chapters,  &e.  or  secular,  as  bishoprics,  deaneries, 
ar<-hdeaconries,  &c. ;  lay,  as  those  of  cities,  towns,  companies, 
or  communities  of  commerce,  &c. 

Corporations  maybe  established  in  three  dilTerent  ways,  viz. 
by  prescription,  letters  patent,  or  act  of  parliament  ;  but  they 
are  most  commonly  established  by  patent  or  charter.  The 
corporation  of  London  is  by  prescription  ;  but  though  corpora- 
tions may  be  by  prescription,  yet  that  prescription  did  originally 
derive  its  authority  by  a  grant  from  the  king.  \  corporation 
may  be  dissolved  ;  for  it  is  created  upon  a  trust,  and  if  it  be 
broken  it  is  forfeited.  No  person  shall  bear  office  in  any  cor- 
poration but  such  as  have  received  the  sacrament,  taken  oaths, 
fvc.  and  none  are  to  execute  in  a  corporation  for  more  than  a 
year.  A  corporation  cannot  sue  or  appear  in  person,  but  by 
an  attorney.  Ordinances  made  by  corporations,  to  be  observed 
on  pain  of  imprisonment,  forfeiture  of  goods,  &c.  are  contrary 
to  Magna  Charta.  Actions  arising  in  any  corporation  may  be 
tried  in  the  corporation  courts;  but  if  they  try  actions  not 
within  their  jurisdictions,  and  encroach  upon  the  common  law, 
they  are  liable  to  be  punished  for  it.  The  corporation  of  the 
city  of  LoiKlon  is  to  answer  for  all  particular  misdemeanors 
committed  in  any  of  the  courts  of  justice  within  the  city,  and 
for  all  otlier  general  misdemeanors  committed  in  the  city. 

CORPS,  in  Military  an';iirs,  means  a  body  of  soldiers.  Corps 
de  (jarde,  is  a  post  in  an  army  sometimes  uniler  cover,  or  in  the 
open  air,  to  receive  a  number  of  men  who  are  relieved  from 
time  to  time.  The  term  is  also  applied  to  the  men  who  watch 
at  the  post. 

CORPUS  CUM  CAUSA,  in  Law,  a  writ  issuing  out  of  tJie 
Chancery  to  remove  the  body  and  record  into  the  King's  Uencb, 
there  to  lie  till  judgment  shall  be  satisfied. 

CORPUSCLE,  in  Physics,  a  minute  particle  or  atom,  of 
which  natural  bodies  are  formed. 

CORRELATIVE,  something  opposed  to  another  in  a  certain 
relation,  as  father  and  son,  liglit  and  darkness,  motion  and  rest. 

CORROSION,  the  action  of  gnavring  away  by  degrees  tlic 
continuity  of  the  parts  of  bodies. 

CORROSIVE  SiiiMMATR,  the  old  name  for  the  chloride  of 
meicury,  called  also  oxymuriate  of  mercury,  and  muriatcd 
mercury. 

CORROSIVES,  in  Surgery,  medicines  that  corrode  whatever 
part  of  the  body  they  are  applied  to,  as  burnt  alum,  white  pre- 
cipitate of  mercury,  white  vitriol,  red  precipitate  of  mercury, 
and  lapis  infernalis. 

CORRUPTION,  the  destruction  of  the  proper  mode  of 
existence  of  any  natural  body. 

Corruption  nf  Jilixid,  in  Law,  an  infection  accruing  to  a 
man's  state,  attainted  of  felony  and  treason,  and  to  his  issue  ; 
for  as  he  loses  all  to  the  prince,  &c.  his  issue  cannot  be  heirs  to 
him,  or  to  any  other  anci'slor  by  him ;  and  if  he  were  noble,  his 
heirs  are  rendered  ignoble. 

CORSELET,  a  little  cuirass,  or.  according  to  others,  an 
armour  or  coat  made  to  cover  the  whole  body,  anciently  worn 
by  the  pikenien  usually  placed  in  the  front  and  Hanks  of  the 
battle,  forlhc  better  resisting  the  enemy's  assaults,  and  guarding 
the  soldiers  placed  behind  them. 

CORTEX,  in  Botany,  the  outer  rind  or  bark  of  trees. 

CORUNDUM,  a  mineral,  of  which  there  are  two  species, 
the  perfect  and  the  imperfect.  Perfect  corundum,  or  sapphire, 
is  found  in  the  East  Indies,  particularly  in  Peru  and  (^oloii; 
and  it  is  most  commonly  crystallized.  The  general  colour  is  blue, 
sometimes  without  colour,  others  red.  purple,  yellow,  and  green. 

CORUS,  a  measure  in  .Jewish  antiquities,  answering  to  the 
omer,  containing  75  gallons  6  pints  for  liquids,   and   32  pecks 
1  pint  dry  measure. 
3   E 
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CORUSCATION,  a  gleam  of  lislit  issuing  from  any  thing. 
It  is  chiefly  used  for  the  electrical  tluid,  when  it  becomes 
visible,  as  the  flash  of  lightning,  &c. 

CORVUS,  the  Crow,  one  of  the  old  constellations,  lies  south 
of  Virgo,  north  of  Hydra,  east  of  Crater,  and  nest  of  Hydra 
Coutlnua.  Tliis  constellation  is  said  to  have  its  name  from 
the  crow  into  «hich  Apollo  metamorphosed  himself  when  he 
escaped  from  the  giant  Typhsus.  Castor  and  Apollo  were  the 
same.  Typha>us  and  Typhon  are  the  same.  The  Crow  rises 
in  the  east,  when  the  Twins  come  to  the  meridian.  Typhon 
was  a  type  of  the  lower  hemisphere  ;  the  Crow  then  was  the 
symbol  of  the  Twins,  having  possession  of  the  meridian. 

CoRvus,  the  raven  or  crow  kind,  a  genus  of  birds  of  the  order 
of  pica;.  There  are  19  species,  the  principal  of  which  are, 
1.  The  corax  or  raven.  2.  The  corone  or  carrion  crow,  very 
much  resembles  the  raven  in  form  and  habits.  3.  The  frugile- 
gus  or  rook,  is  the  corvus  of  Virgil  ;  no  other  species  of  this 
kind  being  gregarious.  4.  The  comix  or  Royston  crow  in  its 
habits  resembles  the  rook,  feeding  on  insects,  and  flying  in 
great  flocks.  5.  The  dauricus,  or  white-breasted  crow.  6. 
The  monediila,  or  jackdaw,  weighs  about  nine  ounces.  7.  The 
glandarius,  or  jay,  is  one  of  llie  most  beautiful  of  British  birds. 
8.  The  caryocatactes,  or  nut-cracker,  is  less  than  the  jackdaw, 
the  general  colour  of  the  body  is  of  a  rusty  brown,  and  the 
wings  are  black,  with  wliite  spots.  These  birds  seldom  visit 
England,  but  abound  in  Germany.  9.  The  pica,  or  magpie,  in 
its  manners  approaches  near  to  the  crow,  feeding  both  on 
animal  and  vegetable  food.  10.  The  graculus,  or  red-legged 
crow,  is  of  a  slender  make,  active  and  thriving,  much  taken 
with  glitter,  and  apt  to  catch  up  lighted  slicks,  whereby  it  has 
been  even  known  to  set  houses  on  fire.  It  is  found  in  Corn- 
wall, North  Wales,  and  Scotland.  11.  The  cristatus,  or  blue 
jay,  is  smaller  than  the  common  jay.  This  species  is  peculiar 
to  North  America.  12.  The  Canadensis  is  a  small  bird,  the 
general  colours  of  w  hich  are  yellow-white,  blackish-brown,  and 
a  pale  ash.  These  birds  inhabit  Canada  and  Hudson's  Bay, 
where  they  are  called  whiskijohn  and  whiskijack. 

CORYLUS,  the  Hazel,  a  genus  of  the  polyandria  order,  in 
the  monoecia  class  of  plants  ;  which  in  the  natural  method 
ranks  under  the  60th  order,  amentaceae.  There  are  three  spe- 
cies, all  of  the  shrub  kind,  having  several  varieties,  valuable 
for  their  nuts,  and  their  usefulness  in  copses  and  hedges.  The 
wood  is  useful  for  poles,  hoops,  spars,  handles,  fishing  rods, 
&c.  A  kind  of  chocolate  has  been  prepared  of  the  kernels  of 
the  nuts  ;  and  the  oil  expressed  from  them  is  used  by  painters 
and  chemists. 

COS,  the  Whetstone,  a  genus  of  vitrescent  stones,  of  which 
there  are  several  kinds,  some  consisting  of  rougher,  and  others 
of  smoother  particles  ;  and  used  not  only  for  whetstones,  but 
also  for  mill-stones  and  other  purposes. 

COS-TURCIA,  Turkey  Stone,  a  species  of  stones  of  the 
garnet  kind,  and  of  the  siliceous  class.  It  is  of  a  dull  white, 
and  often  of  an  unequal  colour.  It  strikes  fire  with  steel,  and 
effervesces  viith  acids.  It  is  used  as  a  whetstone,  and 
those  of  the  finest  grain  arc  the  best  hones  for  cutting  tools, 
razors,  lancets,  &c. 

COSMETIC,  in  Physic,  any  medicine  or  preparation  which 
renders  the  skin  soft  and  white,  or  helps  to  beautify  and  im- 
prove the  complexion,  as  !ip-salves,  cold  creams,  ccruss,  &c. 

COSMICAL,  an  astronomical  term  for  one  of  the  poetical 
risings  of  a  star ;  thus  a  star  is  said  to  rise  cosmically  when  it 
rises  with  the  sun. 

COSMOGONY,  the  science  of  the  formation  of  the  uni- 
verse ;  or  that  wliich  discusses  the  particulars  of  the  creation 
of  the  world. 

COSMOGRAPHY,  a  description  of  the  several  parts  of  the 
visible  world  ;  or  the  art  of  delineating  the  several  bodies, 
according  to  their  magnitudes,  motions,  &c.  It  consists  of 
two  parts — geography  and  astronomy. 

COT,  in  Naval  aflairs,  a  particular  sort  of  bed-frame,  sus- 
pended from  the  beams  of  a  ship,  for  the  officers  to  sleep  in. 
It  is  made  of  canvass,  sewed  in  the  form  of  a  chest,  about  six 
feet  long,  one  foot  deep,  and  two  or  three  wide,  and  is  extended 
by  a  square  wooden  frame,  with  a  canvass  bottom,  on  which 
the  bed  or  mattress  is  laid.  It  is  reckoned  much  more  con- 
venient at  sea  than  either  the  hammocks  or  fixed  cabins. 


COTTON  is  the  produce  of  the  gossypium,  a  plant  about 
the  size  of  a  currant  bush,  a  native  of  the  torrid  zone,  though  it 
is  produced  in  parts  of  Turkey,  so  far  as  44  or  46  degrees  from 
the  equator.  The  finest  cotton  is  known  by  the  name  of  cat's- 
claw,  from  its  singular  appearance  when  it  breaks  the  pod. 
This  kind  was  accidentally  discovered  at  the  island  of  Bour- 
bon, and  was  supposed  to  have  been  introduced  among  some 
seed  sent  from  South  America  to  the  Mauritius.  The  soil 
should  be  extremely  well  prepared,  and  of  the  best  quality,  for 
the  reception  of  cotton  seed,  which  is  usually  sown  in  Novem- 
ber or  December,  after  the  periodical  rains  in  tropical  climates, 
and  ripens  in  May  or  June  ;  when  the  numerous  pods,  which 
are  about  the  size  of  large  gooseberries,  break,  and  display  their 
downy  contents.  These  are  picked,  and  after  the  husks  have 
been  disengaged,  the  cotton  is  put  into  a  small  mill,  consisting 
of  two  bright  steel  rollers,  each  about  an  inch  in  diameter,  set 
parallel  within  the  distance  of  about  the  20tli  part  of  an  inch. 
These  rollers  move  different  ways,  and  draw'  the  cotton  through 
between  them,  while  th6  seeds  are  forced  out  of  the  respective 
little  balls  of  down  in  wliich  they  are  enclosed,  and  drop  into  a 
bag.  The  generality  of  cotton  is  white  ;  but  some  is  of  a  naii- 
keen  colour,  and  is  invaluable  in  the  manufacture  of  that 
article,  as  it  fades  very  little,  even  with  long  use  and  frequent 
washing.  The  elasticity  of  cotton  is  inconceivable  !  It  may  be 
pressed  into  a  50th  part  of  the  space  into  which  the  strongest 
packers  can  reduce  it  by  personal  exertion:  large  screws  are 
erected  at  many  sea-ports  where  cotton  is  shipped,  for  the 
purpose  of  bringing  the  bales  into  the  smallest  compass,  so  as 
to  save  freight.  Cotton  can  only  be  imported  as  a  raw  mate- 
rial, in  which  form  it  comes  to  us  from  the  Levant,  the  West 
Indies,  America,  and  the  East  Indies.  In  the  last  quarter, 
there  are  some  kinds  indigenous,  but  some  are  exotics.  It  is  a 
highly  dangerous  cargo,  being  very  subject  to  take  fire  if  at  all 
damp  when  packed,  or  if  the  snmllest  spark  should  reach  it ;  in 
either  case,  it  will  burn  very  slowly  for  weeks  ;  but  when  the 
hold  is  opened,  and  air  supplied,  bursts  forth  with  inconceiv- 
able fury.  There  is  a  species  of  silky  down  produced  in  pods, 
(similar  to  those  of  the  cotton  plant,)  on  a  very  large  tree, 
called  the  seemul.  It  is  only  fit  to  fill  beds.  Specimens  of  it 
have  passed  through  various  hands;  but  this  kind  of  cotton  is 
so  peculiarly  glossy,  and  the  fibre  so  short,  that  it  could  neither 
be  carded  nor  spun.  When  mixed  with  rabbit's  fur,  &c.  to 
make  hats,  it  is  always  separated.  It  also  failed  in  paper- 
making ;  othernise  its  abundance  and  cheapness  would  have 
rendered  it  highly  important. 

Cotton  Manufacture,  in  Commerce,  is  now  one  of  the  most 
important  branches  of  British  industry.  Cotton  Spinning,  the 
process  of  reducing  cotton  wool  into  yarn  or  thread.  The 
method  formerly  used  for  this  purpose  was  by  the  hand,  upon 
a  machine  called  a  one-thread  wheel.  But  about  1767,  Mr. 
Hargrave,  an  operative  w  eaver  of  Lancashire,  made  a  m-aehine, 
by  which  a  great  number  of  threads  might  be  spun  at  once,  and 
for  which  he  obtained  a  patent.  This  is  called  a  jenny,  and 
with  it,  one  person  can  spin  100  hanks  in  a  day;  each  hank 
containing  840  yards. 

Cardiny  o/'CoTTON,  as  a  preparation  for  spinning,  used  for- 
meily  to  be  performed  by  the  hand,  with  a  single  pair  of  cards 
on  the  knee,  but  this  being  a  tedious  method,  and  ill  adapted 
to  the  rapid  operations  of  the  spinning  machines,  new  ways 
were  contrived.  The  first  improvement  was  by  Mr.  Hargrave, 
and  consisted  in  applying  two  or  three  cards  to  the  same  board, 
and  fixing  them  to  a  stool  or  slock  :  with  these,  one  woman 
could  perform  three  times  as  much  as  by  the  common  way. 
But  a  more  expeditious  method  is  by  the  cylinder  cards,  to  the 
invention  of  which  several  persons  lay  claim.  The  next  great 
improvements  in  the  cotton  manufacture  were  from  Mr.  (after- 
ward Sir  Richard)  Arkwright,  of  Cromford,  in  Derbyshire.  He 
obtained  a  patent  for  his  new  system  of  spinning  cotton  in  1769, 
and  in  1775  another,  for  engines  to  prepare  the  materials  for 
spinning.  The  validity  of  this  second  patent  was  set  aside  in 
1781,  but  in  1785  he  obtained  a  verdict  that  established  the 
sufficiency  of  his  patent.  In  the  same  year,  however,  he  was 
cast  in  another  trial,  on  the  ground  of  his  not  being  the  original 
inventor  of  that  simple  and  beautiful  contrivance  the  Twist  or 
Water  Frame.  Arkwright  still  persevered  in  declaring  himself 
the  inventor,  and  on  the  10th  of  November,  17s5,  he  moved,  in 
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the  cDuit  of  King's  Bench,  for  ,1  new  trial;  but  his  rule  was 
refused  ;  and  on  the  14th  of  November,  1785,  the  court  of 
King's  Bench  gave  judgment  to  cancel  the  letters  patent.  It 
may  be  proper  to  observe,  that  SirR.  Arkwright's  contests  wilh 
the  rival  manufacturers  of  Lancashire,  related  chiefly  to  the 
operation  of  carding.  The  Annual  Register  for  the  years  1781 
and  1785,  or  the  Gentleman's  Magazine,  probably  contains 
faithful  records  of  all  these  trials,  rules,  and  issues. 

The  result  of  Arkwright's  inventions  is  a  combination  of 
machinery,  by  which  cotton  is  carded,  wove,  and  spun  with 
the  utmost  exactness.  To  these  improvements,  the  country  is 
indebted  for  the  great  extent  of  its  cotton  manufactures;  large 
works  having  been  erected  in  England  and  Scotland,  many 
containing  several  thousand  spindles,  driven  by  large  water- 
wheels,  some  of  such  extent  as  to  spin  at  the  rate  of  1000  yards 
of  twist  in  a- minute.  Another  machine  has  been  invented, 
called  a  mule,  because  it  is  a  kind  between  Mr.  Hargrave's  and 
Mr.  Arkwright's.  Tliis  also  promises  to  be  of  great  use  in 
spinning  cotton  yarn  for  muslins  to  a  degree  of  fineness  equal 
to  those  of  India.     See  Mill. 

The  operations  which  cotton  andergoes  in  its  passage  from 
the  raw  material  to  the  state  of  thread,  are  various  and  multi- 
plied in  proportion  to  the  fineness  required,  and  the  different 
uses  to  which  it  is  destined.  If  we  analyze  these  operations, 
they  resolve  themselves  into  the  following:  Batting,  carding, 
doubling,  drawing,  and  twisting.  The  three  latter  are  never 
performed  singly,  but  are  variously  joined  in  the  same  machine; 
and  the  same  elementary  processes  are  oftentimes  repeated  in 
different  machines,  with  various  and  difl'erent  effects.  With 
reference  to  these  eflects,  the  operations  which  cotton  under- 
goes, may  be  denominated  batting,  carding,  drawing,  and 
doubling,  roving,  and  spinning. 

Batting,  is  that  operation  which  prepares  the  cotton  for  card- 
ing, by  opening  and  disengaging  tlie  hard  compressed  masses 
in  which  it  conies  from  the  bales.  It  is  performed  by  beating 
the  cotton  with  sticks  on  a  scpiare  frame,  across  which  are 
stretched  small  cords,  about  the  thickness  of  a  goose  quill,  with 
intervals  sudicient  to  sulVer  the  seed,  leaves,  and  other  adven- 
titious matter,  to  fall  through.  When  a  hard  matted  or  com- 
pressed mass  of  cotton  is  smartly  struck  with  a  stick,  the 
natural  elasticity  and  resiliency  of  its  fibres,  gradually  loosen 
and  disengage  them,  and  the  cotton  recovers  by  repeated 
strokes  all  its  original  volume.  During  this  operation  the 
seeds,  &c.  which  adhere,  are  carefully  picked  out  by  the  hand, 
and  the  cotton  rendered  as  clean  as  possible.  Batting  is  gene- 
rally and  best  performed  by  hand,  though  the  scarcity  of 
hands  and  cost  of  labour  have  rendered  other  contrivances 
necessary. 

Carding,  is  that  operation  in  which  the  first  rudiments  of  the 
thread  are  formed.  It  is  performed,  as  we  have  before  stated, 
by  cylinders  covered  with  wire  cards,  revolving  with  consider- 
able swiftness  in  opposite  directions,  nearly  in  contact  with 
each  other,  or  under  a  kind  of  dome  or  covering,  the  under 
surface  of  which  is  covered  with  sitnilar  cards,  whose  teeth  are 
inclined  in  a  direction  opposite  to  those  of  the  cylinder.  By 
this  means  the  separation  of  almost  every  individual  fibre  is 
effected,  every  little  knotty  or  entangled  part  disengaged,  and 
the  cotton  spread  lightly  and  evenly  over  the  whole  surface  of 
the  last  or  finishing  cylinder,  from  which  it  is  stripped  by  the 
contrivance  we  have  already  described. 

For  jenney  spinning,  which  is  still  in  use  for  the  coarser 
kinds  of  thread,  tlie  cardings  are  stripped  off  in  separate 
lengths.  The  finishing  cylinder  is  covered  with  the  ordinary 
cards  nailed  on  in  stripes  across,  and  the  cotton  contained 
between  the  margins  or  intervals  of  each  stripe,  forms  one 
carding,  whose  length  of  course  depends  on  the  width  of  the 
engine,  or  cylinder.  When  stripped  ofi'by  the  crank  and  comb, 
it  forms  a  loose  and  shapeless  film,  which  falling  on  the  sur- 
face of  a  plain  wooden  cylinder,  the  lower  half  of  which  revolves 
within  a  hollow  shell  or  casing,  the  cotton  in  its  passage  is 
rolled  up  and  delivered  at  the  other  side  in  perfect  and  cylin- 
drical cardings. 

For  mule  or  water  spinning,  the  finishing  cylinder  is  covered 
with  spiral  or  fillet  cards,  and  the  cotton  being  taken  ofi'in  one 
continued  fleece,  and  contracted  by  passing  through  the  fiinnfl 
and  rollers,  forms  one  endless  ami  perpetual  carding,  which  is 


interrupted  only,  or  broken,  when  the  tin  can  that  receives  it  is 

completely  filled. 

In  the  jenney  carding,  the  fibres  of  the  cotton  are  disposed 
across  or  at  right  angles  to  the  axis  of  the  carding:  in  the  per- 
petual carding  they  are  disposed  longitudinally,  or  in  the  direc- 
tion of  its  length,  and  it  is  this  circumstance  wliich  renders  the 
carding  destined  for  mule  or  water  spinniDg,  inapplicable  to 
the  jenney,  and  rice  versa. 

Drawing,  and  Dmibling,  is  one  of  the  preparatory  processes 
for  which  we  are  indebted  wholly  to  Sir  Kichard  .\rkw right, 
and  belongs  exclusively  to  the  mule,  or  water  spinning,  'ihe 
doubling,  or  passing  three  or  four  cardings  at  once  through  a 
system  of  rollers,  by  which  they  arc  made  to  coalesce,  is  in- 
tended to  correct  any  inequalities  in  the  thickness  of  the  card- 
ings, and  also  to  admit  of  their  being  frequently  drawn  out  or 
extended  by  passing  through  the  rollers.  The  ell'ect  of  this 
frequent  drawing  is  to  dispose  the  fibres  of  the  cotton  longi- 
tudinally, and  in  the  most  perfect  state  of  parallelism.  The 
operation  of  carding  eli'ects  llii'  in  a  certain  degree;  yet  the 
fibres,  though  parallel,  arc  not  straight  but  doubled,  as  may 
easily  be  su;iposed  from  the  teeth  of  the  cards  catching  the 
fibres  sometimes  in  the  middle,  which  become  hooked  or 
fastened  upon  them.  Their  disposition  is  also  farther  disturbed 
by  the  taker-ofl"  or  comb,  which  strips  them  from  the  finishing 
cylinder;  and  though  the  general  arrangement  of  the  fibres  of 
a  carding  is  longitudinal,  yet  they  are  doubled,  bent,  and  inter- 
laced in  such  a  way,  as  to  render  the  operation  we  are  now 
speaking  of  absolutely  necessary.  When  the  cardings  have 
been  passed  four  or  five  times  through  the  drawing  frame, 
every  fibre  is  stretched  out  at  full  length,  and  disposed  in  the 
most  even  and  regular  direction ;  and  though  the  average 
length  of  a  fibre  of  cotton  is  not  two  inches,  \et  the  finished 
drawing,  as  these  prepared  cardings  are  now  termed,  has  all 
the  appearance  of  a  lock  of  tierscy  wool,  whose  fibres,  si.x  or 
eight  times  as  long  as  those  of  cotton,  have  been  carefully  and 
smoothly  combed. 

Roving,  is  that  operation  by  which  the  prepared  cotton,  as  it 
comes  from  the  carding  engine,  or  drawing  frame,  is  tuisttd 
into  a  loose  and  thick  thread,  and  wound  upon  a  spindle  or 
bobbin. 

In  jenney  spinning,  the  cardings  are  roved  without  any  other 
preparation,  by  a  machine  called  a  roving  billy  ;  for  a  descrip- 
tion of  which,  with  other  particulars  relative  to  jenney  spin- 
ning, see  J  F.N  NUT. 

In  mule  or  twist  spinning,  the  prepared  carding  or  drawing, 
as  it  is  termed,  is  again  passed  through  a  system  of  rollers,  and 
is  twisted,  either  by  a  rapidly  revolving  can,  into  which  it  is 
delivered  from  the  rollers,  or  by  a  fly  and  spindle  similar  to 
those  of  the  fiax  wheel  ;  in  the  latter  case  it  is  wound  on  the 
bobbin  by  the  machine;  in  the  former,  it  is  received  in  the 
conical  can  in  which  it  acquires  the  twist,  and  is  afterwards 
wound  upon  bobbins  by  the  smaller  children  of  the  mill. 

Sir  Richard  Arkw  right  always  employed  the  revolving  can, 
and  it  is  still  employed  in  many  of  the  first  mills  in  the  country. 
The  roving  frame  with  fly  and  spindle,  which  is  in  fact  nothing 
more  than  the  twist  frame  of  Sir  Richard,  is  now  hou  ever  very 
generally  in  use,  especially  since  later  improvements  have 
removeel  objections  to  the  machine,  which  rendered  its  use 
heretofore  inconvenient.     Sie  FtiSME. 

The  operations  through  which  the  thread  passes  after  it  has 
received  the  first  twist  are  various,  and  depend  greatly  on  the 
use  it  is  intended  for.  The  finer  it  is  required,  the  ofiener  it  is 
drawn  out  and  twisted,  till  by  degrees,  as  in  the  process  of 
wire-drawing,  it  is  brought  down  to  the  fineness  required.  The 
rovings  are  therefore  distinguished  into  first,  second,  and  third, 
according  to  the  number  of  operations  they  have  gone  through. 

Spinning,  is  the  last  operation  which  the  thread  undergoes  in 
the  series  of  processes  employed  in  converting  it  into  thread, 
and  is  that  in  which  it  receives  the  final  extension  and  twist- 
ing.    It  is  performed  cither  on  the  jenney,  twist  frame,  or  mule. 

The  thread  is  of  two  kinds,  viz.  twist,  so  called  from  its  being 
harder  twisted  than  the  other,  forming  a  stouter  ilirc.id,  anti 
used  for  the  web  or  warp  of  piece  sroods  ;  and  we/t.  which  is  a 
looser,  softer  thread,  and  used  for  the  woof.  The  weft  is 
delivered  to  the  weaver  in  small  oMoiig  rolls  called  cups,  in 
the  state  they  are  stripped  oil  the  spindles   of  the  mule   or 
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jenncy.  When  these  are  used,  a  small  pointed  piece  of  wood 
or  sltener  is  carefully  passed  through  the  axis  of  the  cop  iuto 
the  place  formerly  occupied  by  the  spindle,  and  one  end  of  it 
being  held  between  the  teeth,  the  thread  is  wound  oft  the  cop 
npon  the  weaver's  bobbin  by  a  wheel  somewhat  smaller  in  size, 
but  the  same  in  principle  as  the  common  one-thread  wheel,  on 
which  all  the  spinning  was  formerly  performed.  This  is  gene- 
rally done  by  children,  and  tlie  bobbins  are  then  ready  for  the 
shuttle.  Twist  undergoes  several  operations  before  it  is  ready 
for  the  loom.  It  is  delivered  by  the  spinner  either  in  hank  or 
cop. 

Hank  twist  is  that  which  is  spun  on  the  water  frame,  from 
the  bobbins  of  which  it  is  reeled  into  hanks  of  a  determinate 
lennfh,  each  measuring  840  yards.  The  value  and  fineness  of 
the  thread  are  proportionate  to  the  number  of  hanks  in  a  pound, 
and  they  are  denominated  by  numbers,  as  Nos.  20,50,  100,  Sec. 
which  express  the  hanks  which  a  pound  of  twist  contains.  In 
this  state  it  is  generally  si:ed,  an  operation  which  is  intended 
to  give  additional  strength  and  tenacity  to  the  thread,  and 
enable  it  to  support  the  different  operations  in  its  passage  to 
the  loom.  It  consists  in  impregnating  the  thread  fully  with 
thin  size,  chiefly  formed  of  wheat  flour  boiled  in  water,  with  the 
addition  of  a  little  glue.  The  twist  is  carefully  worked  in  this, 
and  afterwards  wrung  and  dried.  The  thread  acf|uires  con- 
siderable strength  by  this  operation,  and  the  loose  fibres  are 
all  firmly  attached  or  glued  to  its  surface.  It  is  then  delivered 
to  tlie  winder. 

Winding,  is  that  operation  by  which  the  thread  is  transferred 
to  the  warping  bobbin,  either  from  the  cop,  hank,  or  twist 
frame  bobbin. 

Formerly  this  was  chiefly  done  by  females,  and  the  work  was 
carried  home  and  performed  by  any  of  the  family  not  engaged 
in  domestic  concerns,  on  a  small  wheel  that  turned  two  bobbins 
at  a  time.  This  mode  is  still  in  use,  but  the  work  has  been 
greatly  abridged  and  facilitated  by  the  use  of  machines  of 
various  constructions. 

Cop  twist  is  that  which  is  spun  on  the  mule  or  jenney.  It  is 
reeled  only  occasionally,  to  ascertain  its  value  and  fineness, 
and  is  delivered  in  cops  to  the  winder. 

The  next  operation  is  that  of  warping,  or  the  formation  of 
the  web.  The  machine  on  which  this  is  performed  is  an  octa- 
gorral  prism  five  or  six  feet  high,  and  somewhat  less  in  diame- 
ter, revolving  vertically,  and  put  in  motion  by  a  band  and 
pulley  placed  under  the  seat  of  the  warper.  The  bobbins 
which  furnish  the  thread  are  sus  ended  horizontally  in  a  frame 
on  one  side.  Twenty-eight  or  thirty  threads,  forming  together 
a  system  called  a /ia//'Aecr,  are  wound  round  the  prism  in  a 
spiral  form  from  top  to  bottom.  The  machine  is  then  turned 
the  contrary  way,  and  the  thread  wound  round  the  prism  up- 
wards from  bottom  to  top,  and  this  is  repealed  backwards  and 
forwards  till  a  sufficient  number  of  half  heers  have  been  wound 
to  form  a  web  of  the  breadth  required.  When  finished,  and 
the  ends  properly  secured,  the  whole  is  wound  oU'  and  coiled 
upon  the  hand  into  a  round  ball  called  the  uurp.  If  the  thread 
has  been  previously  sized  in  the  hank,  it  is  now  ready  for  tlie 
loom,  but  if  the  warp  is  made  of  cop  twist,  that  operation  is 
next  performed. 

The  warps  are  boiled  several  hours  in  water  till  they  arc 
thoroughly  penetrated  and  softened;  after  draining  some  time 
they  are  then  uncoiled  and  worked  in  the  size  till  fully  impreg- 
nated, after  which  the  superfluous  size  is  squeezed  out,  and 
they  are  suspended  on  poles  to  dry  ;  the  warp  is  then  ready 
for  the  loom. 

Without  this  operation  of  sizing,  which,  as  we  have  before 
observed,  gives  strength  and  tenacity  to  the  thread,  it  would 
not  support  the  friction  of  the  loom.  Two  threads  are  passed 
between  each  dent  of  the  reed,  and  at  each  stroke  of  the 
treadle  one  ascends  whilst  the  other  descends.  There  is  there- 
fore a  constant  friction  of  the  threads  upon  each  other,  as  well 
as  against  the  teeth  of  the  reed.  The  motion  of  the  reed  itself 
also  backwards  and  forwards,  and  of  the  hcalds  up  and  down, 
is  very  severe  upon  the  warp,  and  unless  it  has  been  well 
penetrated  by  the  size,  and  its  fibres  well  ctjiiented  or  glued 
together,  this  continual  rubbing  is  sufficient  to  destroy  its 
texture. 

Good  sizing  prevents  this,  but  it  is  still  further  aided  by 


another  operation  called  dressing,  which  is  peiformed  by  the 
weaver  himself,  after  the  warp  is  got  into  the  loom,  'i  his  con- 
sists first,  in  applying  with  a  brush  a  kind  of  paste  made  of 
wheat  fiour  well  boiled,  to  which  is  often  added  a  small  portion 
of  common  salt;  sometimes  of  potash,  and  sometimes  eve-n  a 
little  tallow.  It  is  in  fact  a  repetition  of  the  operation  of  siz- 
ing, with  this  difference,  that  the  dressing  is  applied  chiefly  to 
the  surface  of  the  thread,  which  is  slightly  smeared  with  the 
paste,  and  brushed  uniformly  in  one  direction  from  the  healds 
to  the  bcain,  by  which  means  the  loose  fibres  are  all  disposed 
evenly  one  way,  and  firmly  glued  fast  to  the  thread. 

In  sununcr  the  warp  is  dried  simply  by  fanning  it,  but  in 
winter,  and  in  damp  cold  weather,  a  hot  iron  is  lightly  passed 
over  it.  It  is  then  dressed  again  with  a  brush  dipped  in 
tallow  or  butter,  with  which  it  is  slightly  greased.  This  gives 
suppleness  and  smoothness  to  the  thread,  and  greatly  dimin- 
ishes the  friction  of  the  healds  and  reed.  As  such  a  portion  of 
the  warp  as  is  extended  between  the  healds  and  beam  can 
alone  be  dressed  at  one  time,  this  is  woven,  and  the  dressing 
repeated  again  upon  another  portion,  and  so  on,  alternately 
dressing  and  weaving  till  the  whole  of  the  web  is  finished. 

Various  improvements  on  these  difi"erent  processes  have 
taken  place  of  late  years,  which  have  made  greater  or 
less  progress  in  proportion  to  their  utility  and  importance. 
We  shall  enumerate,  therefore,  not  only  those  of  recent  date, 
but  such  as,  though  known  some  time,  have  not  been  generfilly 
adopted. 

Tlie  weaver's  bobbin  is  still  wound  by  hand  in  the  manner 
already  described,  though  the  use  of  a  small  machine,  by 
which  twenty  bobbins  or  upwards  are  wound  at  once,  is  daily 
gaining  ground.  They  are  to  be  seen  now  in  almost  every 
weaver's  cottage  where  several  looms  are  employed.  This 
labour  is  further  abridged  by  a  very  ingenious  contrivance,  for 
which  a  patent  has  been  obtained.  The  cops,  instead  of  being 
wound,  are  compressed  or  squeezed  till  they  are  small  enough 
to  enter  the  slr.iltlc.  The  winding  here  is  done  away,  and  the 
cops  thus  compressed  are  preferred  by  the  weavers  to  the  com- 
mon bobbin.  In  those  large  establishments  where  the  different 
processes,  such  as  spinning  and  weaving,  are  carried  on  toge- 
ther, the  cops  arc  spun  small  enough  to  enter  the  shuttle  with- 
out compression.  The  weft  is  transferred  at  once  from  the 
spindle  of  the  mule  to  the  weaver's  shuttle,  and  the  time  and 
waste  of  winding,  and  even  of  compressing,  saved  entirely. 

On  the  saniiB  principle  also,  a  considerable  reduction  has 
been  made  in  the  labour  of  reeling  and  winding  twist.  Till 
within  a  late  period,  the  practice  has  uniformly  been  to  reel  it 
into  hanks  from  the  bobbin  it  was  spun  on.  to  size  it  in  the 
hank,  and  then  wind  it  for  warping.  An  obvious  reduction  of 
this  labour  is  to  warp  it  directly  from  the  bobbin  it  is  spun  on, 
and  size  it  in  the  warp  like  cop  twist.  For  reasons,  however, 
which  it  will  not  be  necessary  here  to  enter  into,  this  has  been 
found  impracticable.  It  is,  however,  transferred  to  the  warp- 
ing bobbin,  without  the  intermediate  labour  and  waste  of 
reeling,  and  the  sizing  is  done  in  the  warp.  Considerable  im- 
provements in  the  mode  of  sizing  have  been  made  within  these 
few  years,  especially  in  the  sizing  of  warps. 

Formerly,  the  practice  was  to  work  the  warp  in  the  warm 
size  by  the  hand,  the  heat  of  which  was  of  course  limited  to 
that  degree  which  could  be  readily  borne  by  the  workman. 
Experience  having  proved,  that  the  hotter  the  size,  the  more 
evenly  and  perfectly  was  the  warp  penetrated,  various  con- 
trivances were  adopted  for  applying  it  at  a  high  temperature. 
Amongst  others,  are  oblong  troughs  furnished  with  several 
pairs  of  rollers,  through  which  the  warp  passes,  and  is  strongly 
compressed  whilst  immersed  in  the  hot  size.  Mr.  Marsland's 
idea  of  placing  the  twist  in  an  exhausted  receiver,  and  admit- 
ting the  hot  size,  promises  considerable  advantages  in  some 
cases,  and  when  the  plan  has  been  matured,  will  no  doubt  be 
susceptible  of  many  applications. 

But  the  greatest  improvement  that  has  been  made  in  these 
different  processes,  and  one  that  must  eventually  effect  a  com- 
pli'le  revolution  in  the  whole  system,  is  Messrs.  Ratclifie  and 
Ross's  mode  of  dressing.  Hitherto  this  operation  has  been 
performed  by  the  weaver  in  the  manner  we  have  already  de- 
scribed, at  the  expense  of  one-third  of  his  time  and  labour.  As 
it  is  only  possible  for  him  to  dress  at  once  as  much  of  the  worH 
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as  is  contained  between  the  healcls  and  beam,  he  is  scarcely 
got  settled  to  his  work,  ai'tor  each  operation,  before  he  is  again 
called  oft'  to  dress  another  portion.  JJy  this  continual  inter- 
ruption of  one  species  of  labour  by  another  totally  dillerent,  it 
must  be  obvious  to  every  one,  that  not  only  much  time  is  lost, 
but  that  the  labour  itself  cannot  be  equally  well  performed. 

There  is  a  delicacy  and  certainty  of  touch  in  weaving,  de- 
pendent on  long  habit  and  experience,  and  on  which  the  even- 
ness and  goodness  of  the  cloth  depends.  If  the  force  with 
which  the  woof  or  weft  is  driven  up  by  the  reed,  be  not  always 
alike,  if  it  is  greater  at  one  time  and  less  at  another,  the  cloth 
will  be  thicker  and  thinner  at  those  places,  and  such  is  the 
nicety  on  which  this  depends,  that  the  most  experienced 
weaver,  after  an  interruption  of  some  hours,  cannot  at  once 
regain  it. 

Messrs.  Ratelilfe  and  Ross  dress  the  whole  of  the  warp 
before  it  is  wound  upon  the  beam,  the  labour  of  the  weaver  is 
therefore  uninterrupted,  and  his  attention  directed  solely  to 
one  object.  This  alone  is  a  great  point  gained,  but  it  is 
attended  also  by  other,  not  less  important,  advantages.  Great 
part  of  the  intellectual  skill  required  in  weaving  is  in  the  dress- 
ing and  beaming  of  the  warp  ;  the  mere  mechanical  part  of 
throwing  the  shuttle,  &.e.  is  soon  acquired,  even  by  a  boy.  A 
more  accurate  division  of  laliour,  by  reducing  the  beaming  and 
dressing  to  a  system  by  which  they  are  better,  more  economi- 
cally, and  more  expeditiously  performed  than  before,  has 
removed  the  great  difficulty  in  the  art  of  weaving,  and  rendered 
it  in  a  great  measure  the  employment  of  children. 

From  what  we  have  already  said,  it  will  appear  that  the 
object  in  dressing  and  sizing  is  nearly  the  same,  and  Messrs. 
RatclinTe  and  Ross,  by  this  improved  mode  of  dressing,  have 
succeeded  in  reducing  these  operations  to  one.  They  have 
gone  still  further;  they  have  done  away  the  necessity  of  warp- 
ing, by  forming  the  web  at  once  from  the  bobbin,  and  thus 
reduced  the  warping,  sizing,  dressing,  and  beaming,  to  one 
operation.  A  thousand  bobbins  and  upwards  supply  the  mate- 
rials for  the  warp,  which  in  its  progress  is  properly  disposed 
and  arranged,  sized,  dressed,  and  finally  wound  upon  the 
beam.  This  improvement,  which  may  justly  be  regarded  as 
the  most  important  that  has  taken  place  in  weaving,  since  the 
invention  of  the  fly  shuttle  fifty  years  ago,  must  in  the  end 
efl'ect  a  complete  change  in  the  system  of  labour.  Great  how- 
ever as  its  advantages  are,  some  time  must  necessarily  elapse 
before  it  can  be  aeeommodaled  to  general  use.  In  large  esta- 
blishments, where  the  dillerent  processes  of  the  manufacture 
are  carried  on  together,  such  as  spinning,  weaving,  and  the 
labour  immediately  connected  with  them,  it  has  been  adopted 
with  the  happiest  success,  but  the  weaving  in  this  country  is 
chielly  done  in  the  cottages  of  the  poor,  and  to  their  use  the 
costly  and  bulky  apparatus  of  Messrs.  Ratcliffe  and  Ross  is 
not  adapted. 

To  derive  all  the  advantages  possible  from  this  improve- 
ment, therefore,  it  will  be  necessary  either  that  the  weaving  be 
done  in  large  shops,  to  each  of  which  a  dressing  machine  may 
be  attached,  or  that  the  warps  be  delivered  to  the  country 
weavers  ready  dressed  and  wound  upon  the  beam.  The 
former  plan  is  daily  gaining  ground,  and  perhaps  it  is  not 
diflicult  to  foresee,  that  at  no  very  distant  period  all  the  weav- 
ing of  the  country  will  share  the  fate  of  the  spinning,  and  quit 
the  cottage  for  those  larger  establishments  in  which  it  will  be 
susceptible  of  better  management,  and  more  accurate  division 
of  labour. 

The  last  improvement,  which  we  shall  notice  in  the  manufac- 
ture of  cotton,  and  which,  when  once  established,  will  com- 
plete what  Aikwright  has  so  happily  begun,  is  that  of  weaving 
by  machinery.  Various  attempts  have  been  made  of  late  years 
to  apply  the  great  moving  powers,  steam  and  water,  to  the 
comnion  loom.    See  Loom. 

COUCH,  or  Coat,  in  Painting,  a  term  for  each  lay  of  colour, 
either  in  oil  or  water,  with  which  the  artist  covers  his  canvass, 
wall,  wainscot,  or  other  matter,  to  be  painted. 

COUCHING,  in  Surgery,  the  operation  of  removing  a  cata- 
ract, which  is  done  by  a  peculiar  needle,  called  the  couching 
needle. 

COULTER,  in  Husbandry,  an  iron  instrument  fixed  in  the 
beam  of  a  plough,  and  serving  to  cut  the  edge  of  each  furrow. 


COUNCIL.  In  this  country,  the  law,  in  order  to  assist  the 
king  in  the  discharge  of  his  duties,  the  maintenance  of  his 
dignity,  and  the  excrlion  of  his  prerogative,  hath  assigned  him 
a  diversity  of  counsellors  wilh  uhom  he  may  advise. 

1.  The  first  of  these  is  the  high  court  of  parliament. 

2.  The  peers  of  the  realm  are,  by  their  birth,  hereditary 
counsellors  of  the  crown. 

3.  A  third  council  belonging  to  the  king,  are,  according  to 
Sir  Edward  Coke,  his  judges  of  the  courts  of  law,  for  law  mat- 
ters. And  this  appears  frequently  in  the  English  statutes, 
particularly  14  Edward  III.  c.  5,  and  in  other  books  of  law. 
So  that  when  the  king's  council  is  mentioned  generally,  it  must 
be  defined,  particularized,  and  understood,  according  to  the 
subject  matter ;  and  if  the  subject  be  of  a  legal  nature,  then  by 
the  king's  council  is  understood  his  council  formatters  of  law; 
namely,  his  jud;;es. 

4.  Hilt  the  principal  council  belonging  to  the  king  is  his  privy 
council,  which  is  generally,  by  way  of  eminence,  called  The 
Council,  composed  of  eminent  persons,  the  number  of  whom  is 
at  the  sovereign's  pleasure,  who  are  bound,  by  oath,  to  advise 
the  king,  to  the  best  of  their  judgment,  with  all  the  fidelity  and 
secrecy  that  becomes  their  station.  The  king  may  declare  to, 
or  conceal  from,  his  privy  council  whatever  he  thinks  fit,  and 
has  a  select  council  out  of  their  number,  commonly  called  the 
cabinet  council,  with  whom  his  majesty  determines  such  mat- 
ters as  are  most  important,  and  require  the  utmost  secrecy. 
All  proi-lamations  from  the  king  and  the  privy  council  ought  to 
be  grounded  on  law,  otherwise  they  are  not  binding  to  the  sub- 
ject. Privy  counsellors,  though  but  gentlemen,  have  precedence 
of  all  the  knights  and  younger  sous  of  barons  and  viscounts, 
and  are  stjlcd  right  honourable. 

Council,  ('amnion,  in  the  city  of  London,  a  court  in  which 
are  made  all  by-laws  which  bind  the  citizens.  It  consists, 
like  the  parliament,  of  two  houses,  an  upper,  composed  of  the 
lord  mayor  and  aldermen  ;  and  a  lower,  composed  of  a  number 
of  common  councilmen  chosen  by  the  several  wards,  as  repre- 
sentatives of  the  lody  of  the  citizens. 

COUNSELLOR  at  Law,  a  person  retained  by  a  client  to 
plead  his  cause  in  a  court  of  judicature.  There  are  two  degrees 
of  counsel,  iir.  barristers  and  Serjeants.  Barristers  are  called 
to  the  bar  Iter  a  certain  period  of  standing  in  the  inns  of  c-ourt. 
After  16  years'  standing,  they  may  be  called  to  the  degree  of 
Serjeant.  The  judges  of  the  courts  of  Westminster  Hall  are 
always  admitted  Serjeants  before  they  are  advanced  to  the 
bench.  From  both  Serjeants  and  barristers  the  king's  counsel 
are  usually  selected,  the  two  principal  of  whom  are  the  attorney 
and  solicitor-general.  Counsel  are  supposed  to  plead  gratis, 
and  can  maintain  no  action  for  their  fees  ;  and  to  encourage  ia 
them  a  freedom  of  speech  in  the  lawful  defence  of  their  clients, 
a  counsellor  is  not  answer;il)le  for  any  matter  by  him  spoken, 
though  it  should  prove  groundless,  and  reflect  on  the  reputatioa 
of  another,  provided  it  relates  to  the  cause  which  he  espouses, 
and  is  suggested  in  his  client's  instructions.  And  notwith- 
standing counsellors  have  a  special  privilege  to  practise  the 
law,  yet  they  are  punishable  for  misbehaviour  by  attachment. 
No  counsel  is  allowed  to  a  prisoner  upon  a  general  issue  of 
indictment  of  felony,  unless  some  point  of  law  arise  ;  for  the 
court  is  the  prisoner's  only  counsel. 

COtINT,  originally,  a  nobleman  who  possessed  a  domain 
erected  into  a  county.  The  dignity  is  a  medium  between  that 
of  a  duke  and  a  baron.     It  is  now  merely  a  title  of  honour. 

Count,  in  Law,  is  the  original  declaration  of  complaint  in  a 
real  action,  as  a  declaration  is  in  a  personal  one. 

COUNTEIl  APPROACHES,  in  Fortification,  lines  and 
trenches  made  by  the  besieged  to  attack  the  works  of  the 
besiegers,  or  to  hinder  their  progress.  The  line  of  counter 
approach  is  a  trench  made  by  the  besieged  from  their  covered 
way  to  the  right  and  left  of  the  attacks,  in  order  to  scour  the 
eneniy's  works. 

COUNTER  B.VTTERY,  is  one  raised  to  play  upon  another 
to  dismount  its  guns. 

COUNTER-GUARD,  in  Fortification,  a  work  raised  before 
the  point  of  a  bastion. 

COUNTERMARCH,  a  change  of  the  face  or  wings  of  a  bat- 
talion,  « hereby  those  that  were  in  the  front  come  in  the  rear. 
Also  the  returning  or  marching  back  again, 
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COUNTERMINE,  in  War,  a  well  and  gallery  driven  and 
sunk  till'it  meets  the  enemy's  mine,  to  prevent  its  effects. 

COUNTERPART,  in  Music,  denotes  that  one  part  is  to  be 
applied  to  another.  Thus  the  bass  is  said  to  be  the  counter- 
part to  the  treble.  In  Law,  it  is  the  duplicate  or  copy  of  an 
indenture  or  deed. 

COUNTERPOINT,  in  Music,  the  combining  and  modulating 
consonant  sounds. 

COUNTERPOISE,  any  weight  which,  placed  in  opposition 
to  another  weight,  produces  an  equilibrium,  but  it  is  more 
commonly  used  to  denote  the  weight  used  in  the  Roman 
balance  or  steelyard. 

COUNTERSCARP,  in  Fortification,  the  exterior  slope  of 
the  ditch,  though  it  is  often  taken  for  the  covered  way  and 
glacis.  Angle  of  the  Counterscarp,  is  that  made  by  its  two  sides 
meeting  before  the  middle  of  the  curtain. 

COUNTERTENOR,  in  Music,  high  tenor;  a  term  applied 
to  the  hi.t;hest  natural  male  voice. 

COUNT-WHEEL,  in  the  striking  part  of  a  clock,  is  that 
which  moves  round  once  in  12  or  24  hours. 

COUP-DE-MAIN,  in  Military  affairs,  implies  a  desperate 
resolution  in  small  expeditions  of  surprise  ;  or  the  attacking 
a  place  sword  in  hand. 

COUPURE,  in  Fortification,  passages  sometimes  cut  through 
the  glacis,  of  about  twelve  or  fifteen  feet  broad,  in  the  re-enter- 
ing angle  of  the  covert  way,  to  facilitate  the  sallies  of  the 
oesieged. 

COURSE,  in  Navigation,  the  point  of  the  compass,  or  hori- 
zon, which  the  ship  steers  on,  or  the  angle  which  the  rhumb  line 
on  which  it  sails  makes  with  the  meridian  ;  and  is  sometimes 
reckoned  in  degrees,  and  sometimes  in  points  and  quarter 
points  of  the  compass. 

COURSING,  among  sportsmen,  is  of  three  sorts,  viz.  at  the 
deer,  at  the  hare,  and  at  the  fox.  These  coursings  are  with 
gre)  hounds  ;  for  the  deer  there  are  two  sorts  of  coursings,  the 
one  with  the  paddock,  the  other  either  in  the  forest  or  purlieu. 

COU  RT,  a  place  for  the  administration  of  justice.  The  most 
general  division  of  our  courts  is  into  those  of  record,  and  those 
which  are  not ;  those  of  record  are  divided  into  supreme  and 
superior  or  inferior.  The  supreme  court  of  this  kingdom  is 
the  high  court  of  parliament,  which  has  an  absolute  power  to 
make  new  laws,  and  to  repeal  and  alter  old  ones.  Superior 
courts  of  record  are  the  House  of  Lords,  the  Chancery,  King's 
Bench,  Common  Pleas,  and  Exchequer  ;  the  less  principal  are 
those  held  by  commission  of  gaol  delivery,  oyer  and  terminer, 
assize,  nisi  prius,  &c.  The  inferior  courts  of  record  are  cor- 
poration courts,  courts  leet,  the  slieriff's  torn,  &c.  Courts  not 
of  record  are  the  courts  baron,  county  courts,  hundred  courts, 
&c.  ;  also  the  admiralty  and  ecclesiastical  courts,  which  derive 
their  authority  from  the  crown,  and  are  subject  to  the  control  of 
the  king's  temporal  courts,  if  they  exceed  their  jurisdiction. 

COURT  UARON,  a  court  held  by  every  lord  of  a  manor 
within  the  same  ;  and  if  the  number  of  suitors  should  so  fail  as 
not  to  leave  enough  to  make  a  jury  or  homage,  that  is,  two 
tenants  at  least,  the  manor  is  lost.  This  court  may  inquire  of 
the  death  of  tenants,  of  nuisances,  waste,  trespass,  forfeitures, 
&c.  and  the  punishment  is  by  amercement. 

COURT  OF  CONSCIENCE,  in  the  ciUes  of  London, 'West- 
minster, and  some  other  places,  determines  matters  in  all  cases, 
where  the  debt  or  damage  is  under  forty  shillings.  In  some 
places  these  courts  have  power  to  decide  on  larger  sums. 

COVENANT,  in  Law,  the  agreement  or  consent  of  two  or 
more,  by  deed  in  writing,  sealed  and  delivered  ;  whereby  either, 
or  one  of  the  parties,  promises  to  the  other,  that  something  is 
done  already,  or  shall  be  performed  afterwards. 

COVERT-WAY,  or  Corridor,  in  Fortification,  a  space  of 
ground,  level  with  the  field,  on  the  edge  of  the  ditch,  three  or 
four  fathoms  broad,  ranging  round  the  half-moons,  and  other 
works  toward  the  country. 

COVERTURE,  in  Law,  a  term  applied  to  a  married  woman 
who  is  under  the  power  of  her  husband,  and  therefore  incapable 
of  making  bargains  to  the  injury  of  herself  or  her  husband. 

COVIN,  in  Law,  a  deceitful  assent  or  agreement  between 
two  or  more,  to  the  prejudice  of  another. 

CRAB,  a  wooden  pillar,  somewhat  resembling  a  small  cap- 
stan, but  not  furnislied  with  a  drum  head  :  instead  of  which, 


two,  three,  or  four  holes  are  made  one  above  another,  through 
the  middle  of  its  upper  end,  into  which  long  bars  are  thrust, 
whose  length  is  nearly  equal  to  the  breadth  of  the  deck.  It  is 
employed  for  the  same  purposes  as  the  capstan,  but  not  being 
so  convenient,  is  now  generally  laid  aside,  except  in  rope- 
walks.  Sec.  The  Crab,  a  machine  with  three  claws,  is  used 
to  launch  ships,  and  to  heave  them  into  the  dock,  or  off  the 
key.     See  Cancer,  for  the  Celestial  Crab. 

CRADLE,  a  frame  placed  under  the  bottom  of  a  ship,  iu 
order  to  conduct  her  steadily  and  smoothly  into  the  water 
when  she  is  to  be  launched,  at  which  time  it  supports  her 
weight  while  she  slides  down  the  descent  or  sloping  passage, 
called  the  Ways,  which  are  for  this  purpose  daubed  with  soap 
or  tallow.  Cradles  are  also  standing  bedsteads  made  up  for 
the  wounded  seamen,  that  they  may  be  more  comfortable  than 
it  is  possible  to  be  in  a  hammock. — Chidren's  wicker  cradles 
need  hardly  be  alluded  to  ;  nor  does  the  more  fashionable  rock- 
ing or  swing  cot  require  illustration,  except  to  observe,  that 
the  principle  of  suspension  is  capable  of  great  improvement 
upon  a  very  simple  plan,  that  of  the  pendulum,  in  place  of  the 
clumsy  method  of  hanging  the  cot  on  a  tawdry  brass  knob,  by 
a  piece  of  wire  bent  in  the  form  of  an  equilateral  triangle. 

CRAFT,  a  general  name  for  all  sorts  of  vessels  employed  to 
load  or  discharge  merchant  ships,  or  to  carry  alongside,  or 
return  the  guns,  stores,  or  provisions  of  a  man-of-war ;  such 
are  lighters,  hoys,  barges,  &c. 

CRAM  BE,  Sea  Cabbage,  Sea  Beach  Kale,  or  Sea  Colewort,  a 
genus  of  the  siliquosa  order,  in  the  tetradynamia  class  of  plants, 
ranking  in  the  natural  method  under  the  39lh  order  siliquosae. 
There  are  six  species,  three  herbaceous  esculents  with  peren- 
nial roots,  producing  annually  large  leaves  like  those  of  the 
cabbage,  spreading  on  the  ground  with  yellow  flowers.  Only  • 
one  species  is  a  native  of  Britain,  and  it  grows  wild  in  several 
parts  of  the  sea-coast.  It  is  propagated  by  seeds  sown  in  com- 
mon light  earth  in  autumn  or  spring.  The  crambefruticosa  is 
a  greenhouse  plant. 

CRAMP,  in  Medicine,  a  convulsive  contraction  of  a  muscu- 
lar part  of  the  body,  being  either  natural,  as  in  convulsive  con- 
stitutions, or  accidental,  from  living  in  cold  places,  under 
ground,  &c.  It  affects  all  parts  indifferently,  but  the  ham, 
calves,  feet,  and  toes,  oftener  than  the  arms  and  hands.  An 
effectual  preventive  for  cramp  in  the  calves  of  the  legs,  which 
is  a  most  grievous  pain,  is  to  stretch  out  the  heel  of  the  leg 
as  far  as  possible,  at  the  same  time  drawing  up  the  toes  to  the 
body.  This  will  frequently  stop  the  progress  of  a  fit  of  the 
cramp  after  it  has  commenced  ;  and  a  person  will,  after  a  few 
times,  be  able  in  general  to  prevent  the  fit  coming  on,  though 
its  approach  be  between  sleep  and  waking. 

CRANE,  The,  a  machine  used  in  building,  on  wharfs,  and  in 
warehouses,  for  raising  and  lowering  huge  stones,  ponderous 
weights,  packages,  bales  of  goods.  Sec.  has  been  variously 
constructed,  and  will  therefore  require  a  few  examples. 

The  Cellar  Crane  we  have  already  noticed.  The  Portable 
Stone  Crane  for  Loading  arid  Unloading  Carts,  is  mounted  on  a 


wooden  stage,  and  is  so  constructed  that  it  may  be  taken   to 
pieces.    The  Irame  A,  A,  A,  .A,  is  about  10  feet  high  and  9  feet 
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sq  iare ;  the  wlicels  B,  B,  are  of  iron,  and  3  feet  diameter  ;  the 
pillion  D  fixed  to  tlie  axis  of  the  first  wheel  B  is  8  inches  in 
diameter;  and  the  other  pinion  C  is  about  the  same  diameter. 
When  stones  are  suspended  to  the  rope  that  coils  round  the 
barrel,  the  labourer  turns  a  winch  on  the  axis  of  the  wheel  C, 
and  raises  or  lowers  the  weight  according  to  the  direction  in 
which  he  turns  it. 

Gottlieb's  Cayyiaffe  Crane.— This  machine,  which  is  useful  for 
carrying  large  stones  where  carts  and  horses  cannot  be  easily 
obtained,  consists  of  two  sorts  of  crane  wheels  applied  to  the 


two  sets  of  wheels  belonging  to  the  carriage,  so  that  two  men, 
one  acting  at  each  winch  A,  A,  give  motion  to  the  loaded  car- 
riage. The  pinion  B,  C  indies  in  diameter,  turns  the  wheel  C, 
.3  feet  in  diameter.  The  wheel  C  gives  motion  to  the  pinion  D, 
one  foot  in  diameter,  which  works  into  two  wheels  E,  E,  3  feet 
6  inches  diameter,  and  arc  fixed  on  the  wheels  of  the  carriage. 

Andrew's  Weiffhin;/  Crane,  weighs  the  body  at  the  time  that 
it  raises  it.  The  weight  W  is  elevated  by  means  of  the  levers 
M,  H,  O,  N,  which  coils  the  rope  T  R  round  the  barrel  P.  The 
jib  E  D  stands  on  a  horizontal  beam,  moveable  in  a  vertical 


plane  round  the  centre  F  A,  and  the  distance  of  the  upright 
beam  E  from  the  centre  of  motion  A,  is  J  of  B  F.  The  weight 
of  the  bulk  W  is  then  ascertained  by  the  weight  at  B,  which 
keeps  it  in  cquilibrio.  The  piece  of  wood  C  projects  from  tlie 
vertical  beam  C  L,  in  order  to  prevent  the  beam  from  rising 
too  high. 

Ferguson's  Crane  has  three  trundles,  with  different  numbers 
of  staves,  that  may  be  applied  to  the  cogs  of  a  horizontal 
wheel  with  an  upright  axle  ;  round  which  is  coiled  the  rope 
that  draws  up  the  weight.  This  wheel  has  96  cogs  ;  the  largest 
trundle  24  staves,  the  next  12,  and  the  smallest  6,  so  that  the 
largest  revolves  4  times  for  one  revolution  of  the  wheel  ;  the 
next  8,  and  the  smallest  \(>.  A  winch  is  occasionally  fixed  on 
the  axis  of  either  of  these  trundles,  for  turning  it ;  and  is  applied 
to  the  one  or  the  other  according  as  the  weight  to  be  raised  is 
smaller  or  larger.  While  this  is  drawing  up,  the  ratch-teelh  of 
ii  wheel  slip  round  below  a  oatch  tliat  falls  into  them,  prevents 
the  crane  from  turning  backwards,  and  detains  the  weight  in 
any  part  of  its  ascent,  if  the  man  who  works  at  the  winch 
should  accidentally  quit  his  hold,  or  wish  to  rest  himself  before 
the  weight  is  completely  raised.  Making  a  due  allowance  for 
friction,  a  man  may  raise  by  such  a  craue  from  three  times  to 
twelve  times  as  much  in  weight  as  would  balance  his  effort  at 
the  winch  ;  viz.  from  90  to  300  lbs.  taking  the  average  labour. 

Bramah's  Jib  for  Cranes. — The  nature  of  this  invention  may 
be  easily  understood  from  a  bare  inspection  of  the  figure,  which 
represents  a  jib  attached  to  the  wall  of  a  warehouse.  The 
jib  turns  on  a  perforated  axis  or  pillar.  The  rope  by  which 
the  weight  is  raised,  after  passing  over  two  pulleys,  goes 
through  the  perforated  axis,  and  is  conducted  over   another 


pulley  to  the  barrel  of  the  crane, 
which  is  not  represented  in  the 
figure.  In  jibs  of  the  common 
construction,  which  turn  in  two 
solid  gudgeons,  the  rope  passes 
over  the  upper  gudgeon,  and  is 
confined  between  two  vertical 
rollers  ;  but  the  bending  of  the 
- — ^  \t  ^j  *     rope    occasions    a    great  deal  of 

==^  ',  "0     friction,  and  produces  a  constant 

effort  to  bring  the  arm  of  the  jib 
into  a  position  parallel  to  the 
inner  part  of  the  rope.  Cranes  of 
this  construction  arc  in  common 
use  in  warehouses  in  London,  and 
all  parts  of  the  country. 

Watt's  Jib  Crane. — Fig  1  is  a  side  view  of  the  crane,  shewing 
the  jib  ;  fig.  2  is  a  back  view,  shewing  the  chain,  barrels,  and 
cilges  of  the  wlicels  and  pinions  ;  fig.  3  is  a  fulcrum,  used  in 
shifting  the  crane  from  place  to  place.  The  same  reference- 
letters  are  put  to  the  same  points  in  both  figures. 

A  B  is  the  upright  shaft.  It  is  made  of  a  firbnlk  12]  inches 
square,  and  23  feet  long.  Its  lower  pivot  turns  in  a  cross  step 
at  A,  and  its  upper  one  in  a  cross  at  B,  supported  by  four  gy- 

ropes,  two  of  whicli 
ffff  are  shewn  in 
each  figure.  Iinine- 
diatcly  above  the 
pivot  are  two  strong 
plates  of  cast  iron, 
bolted  to  the  opposite 
sides,  for  receiving 
the  bolt  at  D,  upon 
which  the  jib  turns. 
Above  these,  the 
shaft  is  fortified  by 
side  pieces,  till  it  has 
a  breadth  of  2()i 
inches,  where  are 
fastened  the  cast- 
iron  cheeks  s  s,  of 
which  an  edge  view 
is  given  in  fig.  2,  and 
w  liicli  may  be  traced 
behind  the  wheels 
I  f  and  71  n,  in  fig.  1. 
Four  brass  beds,  co- 
vered by  cap  squares 
of  the  same  metal, 
are  placed  in  these  checks,  for  receiving  the  axles  of  the  wheels 
and  pinions.  Two  strong  cast-iron  blocks,  with  grooved  pul- 
leys for  the  chains,  are  placed  at  c  and  r,  upon  opposite  sides 
of  the  shaft. 

C  U  is  the  jib,  formed  of  two  oak  battens,  7\  inches  by  2J  at 
their  low  er  extremities,  and  5J  by  25  at  their  upper.  They  are 
3  inches  asunder  at  the  lower  extremity  ;  where,  and  at  the 
serpentine  plate  at  the  middle,  they  are  separated  by  blocks, 
and  they  meet  within  a  few  feet  of  the  upper  extremity.  The 
extremity  I)  is  fortified  by  two  strong  plates  of  cast-iron, 
which  go  withinside  the  plates  in  the  shaft,  and  receive  the 
axle-bolt;  and  the  other  two  plates  at  the  extremity  C,  contain 
a  grooved  pulley,  shewn  by  the  dotted  circle  at  c,  and  a  bolt  for 
fastening  the  chain  C  >•.  The  length  of  the  jib  from  the  axle- 
bolt  at  t)  to  the  centre  of  the  pulley  e,  is  20J  feet. 

There  are  two  chain-barrels.  The  barrel  a  raises  or  lowers 
the  weight/,  by  means  of  the  chain  which  passes  over  the 
pulleys  c,d,e;  and  the  barrel  u  contracts  or  expands  the  jib, 
by  means  of  the  chain  which  passes  over  the  pulley  r.  The 
crane-barrel  a  is  about  95  inches  in  diameter,  and  the  jil>-barrel 
V  about  8  inches  ;  and  the  chains  for  both  are  made  w  ilh  circu- 
lar links  from  five-eighths  inch  iron  rod.  These  barrels  may 
be  either  both  worked  at  the  same  time,  in  the  same  or  in 
opposite  directions,  or  either  of  tlicni  may  be  worked  sepa- 
rately. The  jib-barrel  has  a  single  power,  produced  by  the 
pinion  p,  of  10  leaves,  and  51  inches  diameter,  acting  on  the 
wheel  nn,  of  76 teeth,  and  362  inches  diameter.     The  pinion  p 
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15  moved  by  the  winches  i;  q,  wliicli  have  a  lever  power  of 
1!)  inches.  The  jib-barrel  may  be  locked  by  pushing  a 
moveable  bolt,  till  it  bear  against  an  arm  of  the  wheel  nn. 
The  single  power  of  the  crane-barrel  is  obtained  by  placing 
winches  (IG  inch)  on  the  squares  kk  (tig.  2),  which  terminate  an 
arbor  passing  through  the  centre  of  the  jib-barrel,  and  having 
on  Its  one  end  the  wheel  i  i,  and  on  it.s  other  the  pinion  li  (fig.  2). 
The  pinion  A  (6J  inches  diameter,  9  leaves,)  moves  the  wheel 
bb,  which  is  fastened  on  the  arbor  of  the  crane-barrel,  and  has 
36|  inches  diameter,  and  76  teeth. 

The  double  power  is  obtained  by  turning  the  pinion  /  by 
n;eans  of  the  winch  m  (16  inches),  and  one  on  the  opposite  end 
of  the  same  arbor.     The  pinion  /  is  8i  inelips  diam.eter,  and  ha^ 

16  leaves,  and  the  wheel  i  ?',  which  it  turns,  is  32  inches  dianiC- 
tcr,  and  has  66  teeth.  The  check-block  d  is  a  single  pulley 
kept  in  its  place  by  the  chains  t,  n,  and  is  necessary  for  secur- 
ing the  action  of  the  jib  at  all  angles  of  elevation,  by  preserv- 
ing the  angle  V  e  d,  always  smaller  than  the  angle  T>  ef,  it 
being  obvious,  from  the  doctrine  of  the  resolution  of  forces, 
that  when  these  angles  are  exactly  equal,  the  point  of  the  jili 
will  be  in  equilibrio;  hut  that  when  they  are  unequal,  it  will 
have  a  tendency  to  move  in  the  direction  of  the  greater  angle. 
When  I)  e  f  is  the  greater,  the  jib  can  be  prevented  from  falling 
down  by  the  jib-chain  C  >•  ;  but  if  D  e  d  were  the  greater,  there 
is  noliiingto  prevent  it  from  rising  till  it  would  come  in  contact 
with  A  B. 

The  fulcrum  (fig.  3)  is,  when  the  crane  is  to  be  shifted, 
placed  near  the  axle-bolt  of  the  jib  at  D  ;  then  the  jib  is 
lowered,  and  acts  as  a  lever  in  taking  the  weight  of  the  crane 
oil'  the  cross-foot.  The  cross-head  of  the  fulcrum  moves  on  a 
pivot  in  the  tripod,  and  by  means  of  it,  and  easing  oil' two  of 
llie  gy-ropes  wliile  the  opposite  ones  are  hauled  in,  the  crane 
is  moved  along  in  an  upright  position. -^The  total  cost  of  such 
a  crane  is  about  £70;  and  the  parts  are  so  constructed  that  it 
may  be  used  for  many  years  without  requiring  the  smallest 
expense  for  repairs. 

The  power  of  the  jib-barrel,  without  making  allowance  for 
friction,  is  about  26j,  when  the  winch  is  in  an  horizontal  posi- 
tion ;  but  as  the  resistance  of  the  weight  varies  with  every 
change  in  the  elevation  of  the  jib,  it  is  not  possiWe  to  calculate 
the  power  which  would  be  necessary  to  move  it  with  any  given 
weight.  The  more  that  the  jib  is  elevated,  the  less  power  is 
required.  The  single  power  of  the  crane-barrel,  without  mak- 
ing allowance  for  friction,  is  about  24^,  and  the  doable  power 
about  101.  It  is  not  possible  to  determine  the  friction  exactly, 
because  it  varies  both  with  the  weight  and  the  position  of  the 
chains,  being  more  as  the  weight  is  greater,  and  the  angles 
formed  by  the  chains  less.  But  the  result  of  experiments 
made  with  a  load  of  one  ton,  and  the  jib  at  an  angle  of  about 
45  degrees,  were  as  follows :  — 

Sinyle  Power.  lbs. 

Power  required  to  suspend  a  ton,  by  calculation,  about     91 

Ditto,  by  trial,  with  check  block,  about 154 

Total  fi  iction, 63 

Ditto,  without  check-block, 128 

Friction  on  check-block, 26 

Double  Power. 
Power  required  to  suspend  a  ton,  by  calculation,  about    22 
Ditto,  by  trial,  with  check-block,  about 44 

Total  friction 22 

Ditto,  without  check-block, 38 

Friction  on  check-block, (j 

Hence  the  whole  friction  on  the  single  power  is  equal  to 
about  two-fiflhs,  and  that  on  the  double  power  about  one-half 
of  the  power  employed;  and  the  friction  upon  the  check-block 
nearly  one-seventh  of  the  power  in  both  ('ases.  The  small  arc, 
however,  over  which  the  winch  can  traverse,  without  a  great 
alteration  of  power,  w  hen  trial  is  made  by  weight,  suspended 
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from  the  winch,  and  the  great  .itrain  produced  by  a  pressure  of 
two  tons  on  the  machine,  render  such  experiments  but  very 
loose  approximations.* 

As  a  building  crane,  this  possesses  many  advantages  over 
those  commonly  in  use,  from  the  complete  command  it  has  over 
every  inch  of  space  within  the  range  of  the  jib.  The  common 
building  crane,  with  a  fixed  jib  and  moveable  truck,  commands 
indeed  the  same  angular  range;  but  then  the  truck  cannot, 
ivithout  an  additional  power,  be  removed  farther  from  the 
shaft,  after  the  crane  is  loaded,  and  thus  its  operation  is  con- 
fined. The  common  crane  is  also  much  less  portable,  and 
cannot  be  moved  even  for  the  shortest  distance  without  being 
taken  down — an  operation  which  costs  a  good  deal  of  time  and 
labour.  Indeed,  in  as  far  as  portability,  power,  and  the  com- 
plete command  of  a  given  space  are  concerned,  this  crane  is 
decidedly  superior  to  every  other  ;  and  in  every  case  of  build- 
ing with  large  stones,  where  gy-ropes  can  be  used,  it  deserves 
the  preference.  Where  gy-ropes  cannot  be  used,  Mr.  Watt's 
balance,  or  counterpoise  crane,  is  equally  applicable  and 
excellent.  Indeed,  the  whole  machines  invented  by  this  inge- 
nious mechanic,  while  employed  at  the  construction  of  the 
Bell-Rock  Lighthouse,  form  a  series  of  applications  of  the 
mechanical  powers  highly  unique  and  valuable  ;  and  shew  of 
how  much  consequence  it  would  be  to  the  arts  and  to  society, 
were  mechanical  genius  ic  common  workmen  duly  appreciated 
and  regarded. — Ulec/i.  Mag.  vol.  ii.  No.  64. 

CiiANE  is  also  a  popular  name  for  a  syphon  employed  ia 
drawing  olf  liquors.  Tliis  crane  or  syphon  is  nothing  else 
than  a  bent  tube,  as  A  B  G.  If  the  shorter  end 
A  B  be  immersed  in  a  vessel  of  water  or  other 
fluid,  C,  then  by  applying  the  mouth  to  the  end 
G,  and  sucking  till  the  liquor  arrives  there,  it 
will  continue  to  flow  out  at  the  end  G,  as  long 
as  tliat  end  is  lower  than  the  surface  of  the 
fluid  in  tfec  vessel  C.  If  there  be  a  mouth- 
piece at  E,  then  sucking  at  that  mouth-piece 
(while  the  end  G  is  slopt  with  a  finger  or  other- 
wise,) w  ill  make  the  fluid  flow  w  hen  the  obst-ruc- 
tion  is  taken  away  from  G.  When  the  fluid  has 
begun  to  flow,  the  hole  at  E  must  be  stopped 
up,  or  the  fluid  will  flow  no  longer  than  till  tlic 
surface  in  the  vessel  be  as  low  as  E.  The  reason  of  the 
motion  of  the  liquor  in  the  syphon  is  this  : — The  perpendicular 
height  of  the  column  BG  being  greater  than  B  .\,  the  pressure 
of  the  atmosphere  being  the  same  at  both  orifices,  supposing 
them  of  equal  area,  therefore  the  weight  at  G  will  cause  the 
fluid  to  flow  out  there,  while  the  pressure  of  the  atmosphere 
will  force  more  liquor  up  at  the  end  A,  and  thus  the  motion 
will  continue  so  long  as  there  is  any  fluid  in  the  vessel,  pro- 
vided the  end  G  is  lower  than  the  end  A  of  the  syphon.  Hence 
it  is  e\ident,  that  the  height  from  the  surfaeeof  the  fluid  to  the 
top  B  must  not  exceed  the  altitude  of  a  column  of  the  fluid 
whose  weight  is  equal  to  the  pressure  of  the  atmosphere  on  the 
same  base,  or  the  fluid  may  be  drawn  up  by  sucking  at  the 
aperture  E,  which  must  be  closed  as  soon  as  the  liquor  is 
niado  to  run.  Many  improvements  have  been  made  on  this 
instrument,  which  it  is  not  our  purpose  to  repeat  here. 

CRANIOLOGY,  is  a  science  by  which  it  is  attempted,  from 
the  external  shape  of  the  skull,  to  form  an  opinion  of  the  animal 
propensities  and  intellectual  powers.  A  few  words  will  serve 
to  shew  the  principle  on  which  it  is  founded.  That  the  intel- 
lectual powers  and  animal  propensities  have  their  seat  in  the 
brain,  has  generally  been  admitted,  but  according  to  the  doc- 
trines of  craniology,  of  which  Drs.  Gall  and  Spurzheim  have 

*  Still  it  is  evident,  that  could  tlie  clieck-block  be  dispensed  with,  the 
power  of  the  crane  would  be  very  much  increased.  Now,  if  tlie  point  of  ttie 
jib  did  not  require  to  be  very  much  raised,  the  block  miglit  be  dispensed  with, 
bv  givinj;  tlie  pulley  c  a  situation  lower  down  to  the  sliaft,  such  as  x ;  but  if  it 
were  brought  very  low,  the  cliain  would  not  coil  properly  on  tlie  barrel. 
This  might,  however,  be  obviated,  by  placint;  the  crane-barrel  on  the  other 
side  of  tlie  shaft,  and  bringing  the  cliaiu  down  the  back  of  the  jib  from  tlie 
pulley  e,  without  passing  it  over  any  otlier  pulley  wliatever.  As,  however, 
tlie  placing  of  the  barrel  in  this  situation  would  prevent  the  jib  from  being 
brought  so  near  to  tlie  shaft  as  it  can  be  with  the  check-block  ;  and  as,  not- 
witlistanding  the  friction  on  the  block,  the  crane  is  sulliciently  powerful,  th« 
alterati'^n  is  a  matter  of  less  importance. 


C  R  A 


DICTIONARY    OF    MECHANICAL    SCIENCE 


C  R  O 


205 


been  the  chief  propagators,  these  do  not  depend  on  the  brain 
generally,  but  each  distinct  faculty  and  propensity  has  its  scat 
in  a  particular  portion  of  the  brain.  If  therefore  any  part  of 
the  brain  be  unusually  large  in  any  individual,  that  individual 
will  be  distinguished  for  an  extraordinary  degree  of  the  intel- 
lectual faculty,  or  animal  propensity,  of  vvliicli  the  enlarged 
portion  of  the  brain  is  the  seat.  If,  on  tlic  other  hand,  any 
portion  of  the  brain  be  unusually  small,  he  v\'ill  be  remarkable 
for  a  deficiency  of  the  particular  faculty  or  propensity  of  which 
the  diminished  portion  is  the  seat.  As  the  enlargement  of  any 
portion  of  the  brain  will  produce  an  elevation  of  the  sknil,  par- 
ticularly in  infancy,  when  the  bones  are  soft,  the  craniologisis 
endeavour,  by  observing  the  protuberances  of  the  skull,  to  form 
a  judgment  of  any  individual's  intellectual  powers  or  animal 
propensities.  Drs.  Gall  and  Spurzheim  have  attempted  to  lix, 
irom  observation  of  a  number  of  remarkable  individuals,  what 
portions  of  the  brain  are  the  seat  of  the  dillercnt  faculties  and 
propensities,  and  have  accordingly  divided  the  surface  of  the 
cranium  into  portions  like  the  counties  in  a  map  of  England. 
But  the  whole  of  this  appears  to  the  editor  and  author  of  this 
Dictionary  absolute  nonsense. 

Such  a  system  as  this  ought  to  have  for  its  support  observa- 
tions on  a  very  great  number  of  individuals,  and  the  eases 
which  bear  against  it,  as  well  as  for  it,  ought  to  be  candidly 
staled.  The  small  number  of  cases,  under  each  head  in  Dr. 
Spurzheim's  work,  is  very  remarkable,  and  the  blunders  made 
by  professed  eraniologists,  who  have  attempted  to  give  the 
character  of  individuals  whose  skulls  they  have  examined,  and 
who  were  unknown  to  them,  have  much  tended  to  destroy  all 
faith  in  the  accuracy  of  its  conclusions.  It  also  deserves  to  be 
noticed,  that  there  arc  external  elevations  of  tlie  skull,  where 
there  are  no  corresponding  internal  elevations  of  the  Ijrain. 
The  ridicule  to  which  the  subject  has  been  exposed,  has  pro- 
duced a  great  zeal  in  its  professors,  and  whilst  that  continues, 
we  may  expect  them  to  trumpet  forth  cases  in  their  favour, 
and  to  say  little  of  such  as  do  not  tend  to  bring  credit  to  their 
favourite  science. 

CRANK,  in  Mechanics,  a  square  piece  projecting  from  a 
spindle,  serving  by  its  rotation  to  raise  and  fall  the  pistons  of 
engines.  It  also  denotes  the  iron  support  for  a  lantern,  and 
the  iron  made  fast  to  the  stock  of  a  bell. 

CRAPE,  a  light  stulf  resembling  gauze,  made  of  raw  silk 
gummed  and  twisted  on  tlie  mill,  and  woven  without  crossing. 

CRAT.1<:GUS,  Wild  Service  Tree,  Hawthorn,  &c.  a  genus  of 
the  digynia  order,  in  the  icosandria  class  of  plants,  ranking  in 
the  natural  method  under  the  3(ith  order,  pomaceae.  There  are 
20  species,  among  which  the  wild  service,  or  maple-leaved 
service,  a  large  tree  that  grows  in  England,  Germany,  Switzer- 
land, and  France,  is  valuable  for  its  timber. 

CRATER,  the  Cup,  is  an  ancient  constellation,  sufReiently 
typical  by  its  place  between  the  meridian  intersecting  the  Lion 
and  Virgin,  of  its  use  at  the  summer  solstice,  when  Taurus 
opened  the  year.  The  fable  whii:h  attributes  this  goblet  to 
Bacchus,  is  a  finely  allegorized  symbol  of  Noah's  planting  the 
line  ;  and  the  translation  of  the  cup  to  a  place  in  the  lieavens 
corresponding  «ith  the  primitive  solstice  of  astronomy,  gives 
some  support  to  the  hypothesis  that  assigns  to  Bacchus  an 
Asiatic  origin. — The  boundaries  and  contents  of  this  constel- 
lation arc:  north  by  Virgo,  east  by  Corvus,  south  and  west  by 
Hydra.  There  are  13  stars  in  this  asterism,  of  which  0,  e,  g,  y,  ?, 
and  i(,  form  the  demi-circumferenee  of  the  lip.  a  Alkes  to  the 
south,  and  /?,  determine  the  bottom  of  the  vessel. 

CRAX,  tlie  Ciirassou,  a  genus  of  birds  belonging  to  the  order 
of  galina^  of  which  there  are  five  species,  natives  of  India, 
Afiica,  and  South  America. 

CRAYON,  a  general  name  for  a  coloured  stone,  earth,  or 
other  substance,  used  in  designing  or  painting  in  pastel,  whe- 
ther reduced  to  a  paste,  or  used  in  their  primitive  consistence. 
In  this  last  maimer  red  crayons  arc  made  of  blood  stone  or  red 
ihalk,  black  ones  of  charcoal  and  black  lead,  &c.  Crayons  of 
illl  other  colours  are  compositions  of  earth. 

CRAYON  PAINTING,  requires,  in  many  respects,  a  treat- 
ment dillercnt  from  that  in  oil,  because  all  colours  used  dry 
are  of  a  warmer  complexion  than  when  wetwiih  oils,  loi  wliiih 
leason,  to  produce  a  rich  pi(^ture,  a  greater  poi  lion  of  what  are 
termed  cooling  tints,  must  be  applied  in  crayon  painting,  than 


would  be  proper  in  oil.  The  paper  for  crayon  painting  should 
be  strong  blue  or  gray,  and  free  from  knots.  The  artist  should 
work  sitting  with  the  crayons  in  his  lap,  and  the  part  of  the 
picture  he  is  painting  should  be  rather  below  his  face.  The 
windows  should  be  darkened  to  the  height  of  six  feet  from  the 
lloor,  and  the  subject  to  be  painted  so  placed  that  the  light  may 
fall  with  aihantasc  on  the  face. 

CREPITATION,  or  Dktonation,  in  Chemistry,  the  nolso 
made  by  some  salts  over  the  fire  in  calcination.  In  .Surgery, 
the  sound  made  by  the  ends  of  boues  when  the  limb  is  moved, 
that  the  existence  of  a  fracture  may  be  ascertained. 

CREPIJSCULUM,  in  Astronomy,  twilight;  the  time  from 
the  first  dawn  or  appearance  of  the  morning  to  the  rising  sun  ; 
and  again,  between  the  setting  of  the  sun  and  the  last  remains 
of  day.  Pappus  derives  the  word  from  cre/ierus ;  which,  lie 
says,  anciently  signified  uncertain,  doubtful,  viz.  a  dubious 
light.  The  crcpnsculum  is  usually  computed  to  begin  and  end 
when  the  sun  is  about  IS  degrees  below  the  horizon;  for  then 
the  stars  of  the  sixth  magnitude  disappear  in  the  morning, 
and  appear  in  the  evening.  It  is  of  longer  duration  in  the 
solstices  than  in  the  equinoxes,  and  longer  in  an  oblique  than 
in  a  right  sphere.  The  crepuscula  arc  occasioned  by  the  sun's 
rays  refracted  in  our  atniosphere,  and  rellected  from  the 
particles  thereof  to  the  eye.     See  Twilight. 

CRESCENT,  in  Heraldry,  a  bearing  in  the  form  of  a  new 
moon. 

CRESCENTIA,  the  Calabash  Tree,  a  genus  of  the  angiosper- 
mia  order,  in  the  diduiamia  class  of  plants,  ranking  in  thu 
natural  method  under  the  25th  order,  pulamiueae.  There  are 
two  species;  1.  The  cujcte,  with  long  narrow  leaves,  and  % 
large  oval  fruit,  is  a  native  of  the  West  India  islands.  Its 
height  is  20  or  .30  feet,  and  the  llowers,  which  are  of  a  yellowish 
green  colour,  striped  an<l  spotted  with  brown,  are  succeeded  by 
large  fiuit  of  a  spherical  or  oval  form.  2.  The  cucurbitana  or 
broad-leaved  calabash,  rises  to  the  height  of  15  or  20  feel ;  the 
llowers  are  smaller  than  those  of  the  preceding,  and  of  a  deeper 
yellow.  The  fruit  is  round  or  oval.  The  shells  of  both  are 
made  use  of  for  drinking  cups,  punch-bowls,  and  oth(  r  pur- 
poses, some  of  them  will  hold  fifteen  pints  of  water.  The 
wood  of  the  tree  is  made  into  stools  and  oilier  furniture. 

CREST,  in  Armoury,  the  top  part  of  the  helmet,  generally 
ornamental.  In  Heraldry,  it  is  that  part  of  the  casque  or 
helmet  next  the  mantle. 

CRITHMUM,  Samphire,  a  genus  of  the  digynia  order,  in  the 
pentandria  class  of  plants,  ranking  in  the  natural  method  under 
the  45th  order,  umbcllata;.  There  are  three  species,  the  prin- 
cipal of  which  is  the  inarilimuui  or  common  marine  samphire, 
which  has  a  fibrous  penetrating  rout  ;  thick  succulent  branch- 
ing stalks,  rising  two  feel  high  ;  llesliy  leaves,  with  round  yel- 
low flowers.  It  grows  on  the  sea-coast  among  gravel  and 
rocks.     The  principal  use  of  it  is  as  a  pickle. 

CROCUS,  Saffron,  a  genus  of  the  monogynia  order,  in  the 
tnandria  class  of  plants,  ranking  in  the  natural  method  under 
the  6lh  order,  ensatae.  There  are  two  species,  and  of  each 
several  varieties. 

CROISADE,  Ciu'SAnE,  oi  Cri'zado,  a  name  given  to  the 
expeditions  of  the  Christians  against  the  Infidels,  for  the  con- 
quest of  Palestine ;  SO  called,  because  those  who  engaged  in 
the  undertaking  wore  a  cross  on  their  clothes,  and  bore  one  on 
their  standard.  This  expedition  was  also  called  the  holy  war, 
to  which  people  lloekcd  in  great  numbers  out  of  pure  devotion, 
tlie  pope's  bulls  and  the  preaching  of  the  priests  of  those  d.iys 
making  it  a  point  of  conscience.  The  several  nations  engaged 
in  the  holy  war,  were  distiiiguislied  by  the  dilfcrent  colours  of 
their  crosses  :  the  English  wore  while,  the  French  red,  the 
Flemish  green,  the  Germans  black,  and  the  Italians  yellow. 
From  this  enterprise  several  orders  of  knighthood  took  their 
rise.  They  reckon  eight  croisades  for  the  conquest  of  the  Holy 
Lanil  ;  the  first  begun  in  the  year  lOU.j,  at  the  solicitation  of 
the  Greek  emperor  and  the  patriarch  of  Jerusalem. 

CROMLECH,  ill  lirilisli  antic|uities,  liuirc  broad  flat  stones, 
raised  upon  other  stones  set  up  on  end.  They  are  common  in 
.\nglcsca,  and  are  supposed  by  sonic  persons  to  Iiave  been 
tombs,  though  others  imagine  that  they  were  altars  for  religious 
services. 

CROSS,  an  instrument  used  in  surveying,  for  the  purpose  of 
3g 
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raisinff  perpendiculars.  It  consists  merely  of  two  pair  of 
sights  si-t  atrifjlit  angles  to  eacli  oilier,  mounted  on  a  stall',  of  a 
convenient  heislit  for  use.  The  method  of  using  it  is,  to  get  in 
a  line  with  one  pair  of  sights,  the  marks  at  the  extremities  of 
the  base  line,  or  that  on  which  the  perpendicular  is  to  be  raised, 
and  through  the  other  pair  the  mark  or  ol)ject  to  which  the 
perpendicular  is  to  be  measured  ;  and  the  line  or  distance 
between  the  foot  of  the  stalf  and  the  object  will  be  the  perpen- 
dicular required.     See  Si'nvEYiSG. 

CROSS-Hhiltiplicntiov.     See  DioDF.ciMALS. 

CROSS-Slaf,  or  Fore-Staff,  an  instrument  formerly  used  by 
mariners,  for  taking  tlie  meridian  altitude  of  the  sun  or  stars. 

CROTALt'S,  Knttle-Snake,  a  genus  belonging  to  the  order 
of  amphibia  serpentes.  The  banded  rattle-snake  is  from  three 
to  five  feet  long,  of  a  yellowish  brown  colour,  marked  through- 
out with  transverse  streaks  or  spots  of  deep  brown,  and  from 
the  head  down  the  neck  run  two  or  three  stripes  of  the  same 
colour  ;  the  head  is  large.  Hat,  and  scaly  ;  the  rest  of  the  upper 
part  covered  with  large  oval  scales  ;  the  under  parts  are  of  a 
dingy  colour,  marked  with  numerous  freckles  ;  at  the  end  of  the 
tail  is  the  rattle,  consisting  of  several  horny  processes,  wliich 
the  animal  elevates  and  shakes  when  irritated  or  disturlied. 
The  rattle-snake  lives  upon  frogs,  squirrels,  and  birds.  The 
two  last  it  catches  in  an  extraordinary  manner,  placing  itself 
under  the  tiee  where  they  rest,  and  by  shaking  the  rattle 
awakens  them  ;  they  then  flutter  and  jump  about  from  spray  to 
spray,  till,  tired  and  frightened,  they  fall  into  the  mouth  of  the 
enemy  beneath.  Rattle-snakes  abound  in  North  and  South 
America.  Their  bite  is  fatal,  but  they  never  attack  a  person 
without  provocation.  The  striped  rattle-snake,  of  a  deep  brown 
colour  above,  with  pale  yellow  streaks  forming  large  lozenges 
down  the  back,  is  also  a  native  of  America,  and  equally  venom- 
ous. The  wood  rattle-snake  is  of  a  lighter  colour  than  the  two 
preceding.  And  the  military  rattle-snake,  of  a  gray-brown, 
shaded  on  the  back  with  red  and  marked  with  black  spots,  is 
smaller  than  the  other  kinds. 

CROTCHET,  in  Music,  a  note  or  character  of  time  marked 
thus,  1  ,  equal  to  half  a  minim  and  double  a  quaver. 

CROTCHETS,  marks  enclosing  a  word  or  sentence  to  be 
distinguished  from  the  rest,  thus,  [  ]  or  (  ). 

CROTON,  Wild  Ricimis,  which  grows  naturally  in  the  south 
of  France,  and  from  it  is  made  the  turnsole  used  for  colouring 
wines  and  jellies.  This  is  made  of  the  juice  lodged  between 
the  empaleraent  and  the  seeds  ;  and  if  rubbed  on  cloths  at 
first  appears  green,  but  soon  clianges  to  a  purple.  If  these 
cloths  are  put  into  water,  they  will  dye  it  of  a  claret  colour. 
The  rags  thus  dyed  are  brought  to  this  country,  and  sold  under 
the  name  of  turnsole. 

CROW,  in  Mechanics,  a  kind  of  iron  lever,  sharp  at  one  end 
and  a  claw  at  the  other,  used  for  heaving  or  pushing  great 
weights. 

CROWN,  in  Astronomy.     See  Corona. 

CROWN,  in  Geometry,  a  plane  ring,  included  between  two 
concentric  perimeters,  generated  by  the  motion  of  part  of  a 
right  line  round  the  centre,  to  which  the  moving  part  is  not 
contiguous.  The  area  of  a  crown  is  had  by  multiplying  its 
breadth  by  the  length  of  the  middle  periphery  ;  for  a  series  of 
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terms  in  arithmetical  progression  being  n  x  ,  '.  e.  the  sura 
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of  the  first  and  last  multiplied  by  half  the  number  of  terms,  the 
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middle  terms  must  be ,  therefore,  that  multiplied  by  the 

2 
breadth  or  sum  of  all  the  two  terms  will  give  the  crown. 

Crown,  is  also  a  silver  coinage  of  England,  and  many  other 
countries  ;  the  English  crown  is  equal  in  value  to  5  shillings  ; 
the  Danish  crown  is  2s.  8Jrf. ;  German,  4s.  7Jrf.  ;  French, 
4s.  9\fl.  sterling. 

CROWN-WHEEL  of  a  Watch,  the  upper  wheel,  which,  by 
its  motion,  drives  the  balance.  In  royal  pendulums  it  is  called 
the  swing  wheel. 

CROWN-WORK,  in  Fortification,  an  outwork  having  a 
iarge  gorge,  and  two  long  sides  terminating  towards  the  licld 
in  two  demi-bastions.  It  is  intended  to  enclose  a  risiiii' 
frou'id,  or  to  cover  an  entrenchment. 


CROW'S  BILL,  a  surgical  instrument  for  extracting  balls 
and  other  substances  from  wounds. 

CROW'S  FEET,  in  Military  afiairs,  machines  of  iron  having 
four  points  so  made  that  whatever  way  they  fall  there  is  a  point 
upwards  ;  these  are  thrown  upon  breaches,  or  in  passes,  to 
lame  the  horses  of  the  enemy. 

CRUCIRLE,  a  chemical  vessel  made  of  earth,  and  so  tem- 
pered as  to  endure  the  strongest  beat. 

CRUSTACEOUS  Fish,  are  those  covered  with  shells,  con- 
sisting of  several  pieces  or  scales,  as  crabs,  lobsters,  &c. 

CRUX,  the  Cross,  is  an  asterism  containing  five  stars,  viz. 
one  of  the  1st  magnitude,  two  of  the  2d,  one  of  the  3d,  and  one 
of  the  4th.  Four  of  these  stars  are  in  the  form  of  a  cross,  and 
the  most  northerly  and  southerly  are  always  in  a  line  with  the 
south  pole.  They  are,  therefore,  the  Pointers  for  discerning, 
in  the  southern  hemisphere,  the  Antarctic  pole,  a,  of  the  1st 
magnitude,  in  the  foot  of  the  Cross,  has  12  ho.  10' 48"  right 
ascension  in  Time  {/hui.  Var.  3".23),  and  C2°  G'  49"  south 
declination,  (A7m.  Var.  -f  20".00.)  y,  of  the  2d  magnitude,  in 
the  top  of  the  Cross,  has  12  ho.  21'  20",  [Ann.  Var.  3".24J,  and 
56°  C  41"  south  declination,  (Ann.  Var.  +  isy'.97.)  /3,  of  the 
2d  magnitude,  in  the  arm,  has  12  ho.  37'  24",  (Ann.  Var.  3".41,) 
and  58°  42'  53"  south  declination,  (Ann.  Var.  +  10".80.) 

CRYSTAL,  in  Natural  Histoiy,  the  name  of  a  large  class  of 
fossils,  hard,  pellucid,  and  colourless. 

CRYSTALLINE  Heavens,  in  the  old  Astronomy,  two  orbs 
imagined  between  the  primum  mobile  and  the  firmament,  in 
the  Ptolemaic  system,  in  which  the  heavens  are  supposed 
solid,  and  only  susceptible  of  a  single  motion.  These  orbs  are 
said  to  have  been  introduced  by  Alphonsus,  in  order  to  explain 
what  the  ancients  called  the  motion  of  trepidation  or  titubation. 

CRY'STALLIZATION.  When  fluid  substances  become 
solid  they  frequently  assume  regular  polyhedral  forms,  which 
are  called  en/slals,  and  the,  bodies  which  do  so  are  said  to  be 
susceptible  of  crystallization.  Many  minerals  are  found  which 
are  thus  arranged  into  regular  forms. 

To  enable  the  particles  of  bodies  to  assume  that  regular  form 
which  crystals  exhibit,  they  must  have  freedom  of  motion  ;  and, 
accordingly,  the  first  step  is  to  confer  a  liquid  or  aeriform 
state,  by  solution  in  water.  When  conmion  salt  is  dissolved  in 
water,  the  particles  will  be  too  far  asunder  to  exert  reciprocal 
attraction ;  in  other  words,  they  will  be  more  powerfully 
attracted  by  the  w  ater  than  by  each  other.  If  we  now  get  rid 
of  a  portion  of  the  water  by  evaporation,  the  saline  particles 
will  gradually  approach  each  other,  and  will  aggregate  accord- 
ing to  certain  laws,  producing  a  regular  solid  of  a  cubic  form. 
If  the  process  be  slowly  conducted,  the  particles  unite  with 
great  regularity  ;  if  hurried,  the  crystals  are  irregular  and 
confused. 

There  are  certain  bodies  which  may  be  liquefied  by  heat,  and 
during  slow  cooling  may  be  made  to  crystallize.  This  is  the 
case  with  many  of  the  metals,  and  with  sulphur.  Some  other 
substances,  when  heated,  readily  assume  tiie  state  of  vapour, 
and  during  condensation  present  regular  crystalline  forms,  such 
as  iodine,  benzoic  acid,  camphor,  ?cc. 

The  hardness,  brilliancy,  and  transparency  of  crystals  often 
depend  upon  their  containing  water,  which  sometimes  exists  in 
them  in  large  quantities. 

Thus  sulphate  of  soda,  in  the  state  of  crystals,  contains  more 
than  half  its  weight.  This  is  called  water  of  crystallization. 
Some  salts  part  with  it  by  a  simple  exposure  to  dry  air,  when 
they  are  said  to  efllorcsce  ;  but  there  are  other  salts  which 
deliquesce,  or  attract  water  from  the  atmosphere. 

Crystallization  is  accelerated  by  introducing  into  the  solution 
a  nucleus,  or  solid  body,  upon  which  the  process  begins,  and 
manufacturers  often  avail  themselves  of  this  circumstance. 

A  strong  saline  solution  excluded  from  the  air  will  frequently 
crystallize  the  instant  that  air  is  admitted,  a  circumstance 
referred  to  atmospheric  pressure.  In  other  cases  agitation 
produces  the  same  eO'ect.  The  presence  of  light  also  influences 
the  process  of  crystallization.  Thus  the  crystals  collected  in 
camphor  bottles  in  druggists'  windows,  are  always  most 
copious  upon  the  surface  exposed  to  the  light.  Crystallized 
bodies  allect  one  form  in  preference  to  others.  The  tluor  spar 
nl  Derbyshire  crystallizes  in  cubes;  so  docs  common  salt; 
Hire  in  the  form  of  a  six-sided  prism  ;  and  sulphate  of  magnesis 
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iu  dial  of  a  four-sided  prism.  These  forms  are  liable  to  vary. 
I'liior  sjiar  and  salt  crystailizi;  sometimes  in  tlie  forni  of  octa- 
licdia :  and  lliere  are  so  many  forms  of  carbonate  of  lime,  that 
it  is  dini<:ull  to  select  tliat  wliich  most  commonly  occurs. 

Kome  de  Lisle  referred  these  variations  of  form  to  certain 
transactions  of  an  invariable  primitive  nucleus.  Iierjrman 
guspccted  the  existence  of  a  primitive  nucleus  in  all  primitive 
bodies.  When  Haiiy  entered  this  field  of  inquiry,  he  not  only 
corroborated  the  opinions  of  Berf;man,  but  traced  with  mucli 
success  the  laws  of  crystallization,  and  pointed  out  the  mode 
of  transition  from  primitive  to  secondary  figures. 

Dr.  M^ollaston  supposed  the  primitive  particles  to  be  of  a 
spherical  form,  and  that  their  mutual  attraction  produces  crys- 
tallization in  the  various  regular  forms  in  which  it  appears. — 
When  alum  is  dissolved  in  water,  various  figures  appear  upon 
il.  Those  who  are  in  the  habit  of  cutting  and  polishing  cer- 
tain gems,  have  long  known  that  they  only  afford  smooth  sur- 
faces when  broken  in  one  direction. — Watkin's  Cijclopadia. 

CRYSTALLOGRAPHY,  the  science  which  attempts  to 
explain  tlic  laws  by  wliich  crystallization  takes  place. 

CRYSTALLIZING  Ike  Surface  of  Tin  and  other  Metals.— 
The  process  of  giving  the  new  ornamental  surface  on  metals  or 
metallic  compositions,  consists  in  employing  those  acids  and 
saline  compounds  and  substances  which  chemically  act  upon 
tin,  and  which,  when  employed  in  the  manner  to  be  stated,  pre- 
sently give  to  the  metal  or  metallic  compositions  to  which  they 
are  applied,  the  appearance  of  a  crystalline  surface  variously 
modified;  to  produce  this  effect,  the  metal  or  metallic  compo- 
sition ought  to  be  previously  tinned  or  covered  with  a  thin  coat 
of  tin.  If  the  metal  be  pure  tin,  it  requires  no  previous  prepa- 
ration. All  grease  remaining  on  the  tinned  surface,  in  conse- 
quence of  tinning,  is  to  be  taken  off  with  a  solution  of  potash, 
soap,  or  any  alkaline  substances.  The  tin  or  tinned  surface 
should  then  be  washed  with  pure  water,  dried,  and  heated  to  a 
temperature  which  the  hand  can  bear;  when  the  surface  lias 
thus  been  cleaned  and  heated,  any  of  the  acids  which  act  upon 
tin,  or  the  vapours  of  these,  will  cause  the  desired  appearance 
of  crystallization,  but  preference  is  given  to  the  following  com- 
position, which  may  conveniently  be  laid  over  with  a  brush  or  a 
sponge:  take  one  part  by  measure  of  sulphuric  acid,  dilute  it 
with  five  parts  of  water.  Take  also  one  part  of  nitric  acid, 
and  dilute  it  with  an  C(|ual  bulk  of  water,  and  keep  each  of  the 
mixtures  separate;  then  take  ten  parts  of  the  sulphuric  acid, 
dilute  it  in  the  manner  before  stated,  and  mi.x  it  with  one  part 
of  the  diluted  nitric  acid,  and  then  apply  this  mixed  acid  to  the 
tin,  or  to  the  tinned  surface,  with  a  pencil  or  sponge,  as  above 
directed,  and  repeat  the  application  of  the  said  composition 
for  several  times  successively,  or  until  the  result  you  expect 
proves  satisfactory :  when  this  has  been  done,  the  crystalline 
surface  may  be  covered  with  a  varni.s-'n  or  japan,  more  or  less 
transparent  and  colourless,  or  coloured;  the  whole  must  now 
be  polished. 

CUBATURE,  is  the  finding  the  solid  content  of  any  proposed 
body,  the  same  as  quadrature  signifies  the  finding  the  super- 
ficial area. 

CUBE,  or  HEXAiiF.niinN,  a  solid  regular  body,  consisting  of 
six  equal  square  sides.  It  is  supposed  to  be  generated  liy  the 
motion  of  a  square  plane  along  a  line  equal  and  perpendicular 
to  one  of  its  sides. 

To  ilctermine  the  Surface  and  Solidity  of  a  Culie. — Multiply 
one  side  by  itself,  which  will  give  one  square  ;  this  multiplied 
by  6  will  give  the  whole  surface.  Also,  multiply  one  side 
twice  by  itself,  that  is,  cube  it,  and  that  will  give  the  solid  con- 
tent required. 

Cube,  Duplication  of  the,  is  the  finding  of  the  side  of  a  cube 
that  shall  double  in  solidity  a  given  cube.  It  cannot  be  done 
geometrically,  as  it  requires  the  solution  of  a  cubic  equation, 
or  the  finding  two  mean  proportionals.  Let  a  be  the  side  of 
the  given  cube,  and  z  that  of  the  double  one,  then  z^  zz  2  a\  or 
HI  :  z''  :  :  z  :  2a,  therefore,  if  n  and  z  be  the  first  and  second 
terms  of  a  set  of  continued  proportionals,  then  a-  :  :'  is  the 
ratio  of  the  square  of  the  first  to  that  of  the  second,  which  is 
the  same  as  the  ratio  of  the  first  term  to  the  third,  or  the  second 
to  the  fourth,  or  of  r  to  2«  ;  therefore  r  being  the  second  term, 
2  a  will  be  the  fourth  ;  so  that  r,  the  side  of  the  cube  sought,  is 
the  second  of  four  terms  iu  continued  proportion ;  the  first  and 


fourth  being  a  and  2  a,  i.  e.  the  side  of  the  double  cube  is  the 
first  of  the  two  mean  proportionals  between  a  and  2«. 

CUBEB,  Powder  of,  though  not  yet  enrolled  in  the  Phar- 
macopoeia of  London,  is  an  article  much  used  by  our  medical 
practitioners,  to  reduce  intlaminations  of  the  pudenda,  attended 
with  the  discharge  of  a  mucus.  This  disease,  sometimes  mis- 
taken for  a  venereal  affection,  is  perfectly  local,  and  may  be 
easily  cured  by  taking  at  night  and  morning  a  small  portion  of 
the  powder  of  cubeb  ;  thus,  half  an  ounce  of  the  powder  made 
up  into  twelve  parcels,  will  make  doses  for  si.\  da\s,  during 
which  time  the  parts  affected  may  be  well  syringed  with  warm 
water  and  milk  ;  or  about  20  drops  of  port  wine  thrown  into  a 
glass  of  lukewarm  water,  makes  perhaps  a  more  efficacious 
wash.  If  the  inflammation  is  not  reduced  in  a  week,  the 
applications  should  be  continued  till  the  discharge  entirely 
disappears. 

CUBEBS,  the  Cuheba  of  Medicine,  is  a  small  dried  fruil, 
resembling  pepper,  brought  from  Java. 

CUBES,  or  CuuE  Nimbers,  in  Arithmetic,  and  the  Theonj  of 
Numbers,  are  those  whose  cube  root  is  a  complete  integer;  or 
they  are  numbers  produced  by  multiplying  a  given  number 
twice  into  itself,  or  by  the  multiplication  of  three  equal  factors, 
thus,  1x1x1  =  1;  2x  2x2=0;  3x3x3=  27; 
4  X  4  X   4  iz:  G4,  &;c.  are  cube  numbers. 

To  find  the  Cube  Itnot  of  a  given  dumber. — 1st  Method. 
Separate  tlie  given  number  into  periods  of  three  figures  each, 
by  putting  a  point  over  the  place  of  units,  another  over  the 
place  of  thousands,  and  so  on  over  every  third  figure,  to  tho 
left  hand  in  integers,  and  to  the  right  in  decimals  ;  and  then  finil 
the  nearest  cube  root  of  the  first  period,  and  set  it  in  the 
quotient.  2.  Subtract  the  cube  of  the  figure  of  the  root  thus 
found,  from  the  first  period,  to  the  left  hand,  and  annex  the 
following  period  to  the  remainder  for  a  dividend.  .3.  Divide 
this  dividend  by  3  limes  the  square  of  the  figure  of  the  root 
above  determined,  and  the  first  figure  of  the  quotient  will  be 
the  second  figure  of  the  root.  4.  Subtract  the  cube  of  these 
two  figures  of  the  root  from  the  first  two  periods  on  the  left, 
and  to  the  remainder  annex  the  following  period,  for  a  new 
dividend,  which  divide  as  before;  and  so  on  till  the  whole  is 
finished.  And  finally,  point  off  as  many  figures  for  integers  as 
there  are  pcrioils  of  integers  in  the  proposed  number. 
Example.     Required  the  cube  root  of  41278-24281C. 


3'   X    3 


41278242816(34-56root 
3'     =     27 

=     27  )  14278  (  4  2d  figure  of  the  root 
41278        1st  two  periods 
34>     =     3t>304 


34'  X  3  =  3468;    1974-242(5,  3d  figure 

41278  242         1st  three  periods 
346'  =  41063(525 


343'  X  3  =  357075)  214-617810  (6-4th  figure 

and  thus  the  operation  may  be  carried  on  till  tlie  root  be 
obtained  to  any  degree  of  accuracy  required.  This  method, 
however,  is  extremely  laborious,  and  is  seldom  or  never 
employed,  as  other  methods  have  been  found  in  which  the 
approximation  is  carried  on  much  more  rapidly. 

2d  Method.  Find  by  trials  the  nearest  rational  cube  to  the 
given  number,  and  call  it  the  assumed  cube.  Then,  as  double 
the  assumed  cube  added  to  the  given  number,  is  to  double  the 
given  number  added  to  the  assumed  cube,  so  is  the  root  of  the 
assumed  cube  to  the  required  root,  nearly.  Or,  as  the  first 
sum  is  to  the  difference  of  the  given  number  and  assumed 
cube,  so  is  the  assumed  root  to  the  difference  of  the  roots, 
nearly.— By  taking  the  cube  of  the  root  thus  found,  for  tho 
assumed  cube,  and  repeating  the  operation,  the  root  will  be 
had  to  a  still  greater  degree  of  exactness. 

.3d  Method.  Point  oif  the  given  unnihcr  in  periods  of  three 
figures  each,  reckoning  from  the  units' place:  then  find  tho 
cube  of  the  first  period  on  the  right  hand,  set  it  down  under 
that  period,  and  subtract  the  one  from  the  other,  and  to  the 
remainder  bring  down  the  next  period.  To  find  the  cube  of 
this  period,  square  the  quotient,  and  multiply  the  product  by 
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300  for  a  new  divisor.  Find  !:ow  often  this  divisor  is  contained 
in  tlie  dividend,  set  it  dovui,  and  bring:  down  the  two  lirst 
periods  in  the  dividend;  cnbc  tlie  quotient  figures,  p'nace  their 
value  under  the  orip:inal  dividend  periods,  and  sulitract  as 
before,  and  proceed  thus  till  all  the  dividend  is  bronsht  down. 
Example.  14886936  is  the  number  whose  cube  root  is 
sought. 

,14-886  936(2-16 
2  X    2   X    2  =;  8 

6-886 


2   X2  X    300  =  1200)16886 
24  X    24  X    24  =  13824 


3062936 


oT 


24  X    24   X    300  =  17-2800/  14-886  936 
246   X    246   X    246  =   14  886936 


CUBICAL  Equation,  in  Algebra,  one  whose  hig:hcsf  power 
consists  of  three  dimensions,  as  x'  :=  a'  —  4',  or  x^  +  r  x''  zz 
b\  Sen. 

CUBIT,  a  measure  of  length  equal  to  a  man's  arm  from  the 
elbow  to  the  extremity  of  the  fingers.  Dr.  Arbutlinot  slates  the 
English  cubit  at  18  inches,  the  Roman  at  1  foot  5-406  inches, 
and  the  Hebrew  at  1  foot  9888  inches. 

CUCULUS,  the  Cuckoo,  a  genus  of  birds  belonging  to  the 
order  of  picae.  The  cuckoo  appears  in  the  spring,  and  takes 
its  departure  early  in  July.  Some  of  these  birds,  however, 
have  been  found  to  winter  in  this  island,  taking  up  their  abode 
in  hollow  trees,  where  they  have  lain  in  a  torpid  state.  The 
cuckoo  does  not  rear  her  own  offspring,  but  selects  the  nest  of 
some  other  bird,  particularly  that  of  the  hedge-sparrow,  in  which 
she  deposits  her  eggs.  When  the  sparrow  has  sat  her  usual 
time,  and  disengaged  the  young  cuckoo  from  her  shell,  her  own 
young  ones  are  soon  turned  out  by  tlie  intruder,  who  remains 
in  possession  of  the  nest.  There  are  many  more  male  cuckoos 
than  females,  for  when  five  or  six  have  been  taken  in  a  trap, 
not  a  female  has  been  found  among  them.  Cuckoos  may  he 
brouglit  up  tame.  They  will  eat  bread  and  milk,  fruit,  insects, 
and  flesh. 

CUCUMBER,  Cuntmis,  a  genus  of  the  syngenesia  order,  in 
the  monoecia  class  of  plants,  ranking  in  the  natural  method 
under  the  34th  order,  cucurbilacese.     There  are  13  species. 

CUCURBIT,  in  Chemistry,  an  earthen  or  glass  vessel,  so 
called  from  its  resemblance  to  a  gourd. 

CUCURBITA,  the  Gourd  and  Pumpiort,  fx  ^eims  of  the  synge- 
nesia order,  in  the  monoecia  class  of  plants,  ranking  in  the 
natural  method  under  the  34th  order  cucurbitacea:.  There  are 
seven  species. 

CUIRASS,  apiece  of  defensive  armour,  made  of  iron  plate, 
well  hammered,  serving  to  cover  the  body  from  the  neck  to  the 
girdle,  both  before  and  behind. 

CULEX,  the  Gnat,  a  genus  of  insects  of  the  order  of  diptcra, 
of  which  there  are  seven  species.  Before  they  attain  the  flying 
state,  they  are  small  grubs  in  the  water,  after  which  tliey  tiar 
to  chrvsalids,  then  pass  to  the  state  of  a  gnat,  and  fly  into  the  air. 

CULMINATE,  to  be  vertical  to,  or  on  the  meridian:  hence 
the  cuhninatin;/  jtoint,  is  that  point  of  a  circle  of  the  sphere  that 
is  on  the  meridian. 

CULMINATION,  in  Astronomy,  signifies  the  passage  of  any 
heavenly  body  over  the  meridian,  or  its  greatest  altitude  duiing 
its  diurnal  revolution.  In  order  to  find  the  time  of  a  star's 
culminating,  we  must  estimate  the  time  nearly,  and  find  tlie 
right  ascension  both  of  the  sun  and  star  corrected  for  this 
estimated  time  ;  then  the  dilference  between  these  right  ascen- 
sions, converted  into  solar  time,  at  the  rate  of  15  degrees  to 
the  hour,  gives  the  time  of  southing. 

CULVERIN,  a  long  slender  piece  of  ordnance  or  artillery, 
for  carrying  a  ball  to  a  great  distance. 

CUMINUM,  CMmmi'n,  a  genus  of  the  digynia  order,  in  the 
pentandria  class  of  plants,  ranking  in  the  natural  method 
under  the  45th  order,  umbellata:'.  There  is  only  one  species 
which  is  an  annual,  that  rises  nine  or  ten  inches  high  in  warm 
countries.     The  flowers  are  of  a  pale  blue  colour ;  and  the  seeds 


have  an  aromatic  taste.  These  are  used  in  the  cmplastrum 
cumini  of  the  Pharmacopoeia. 

CUNEUS,  the  Latin  term  for  wedge.     See  WiiDGE. 

CUNITIA.  a  celebrated  lady  of  Silesia,  authoress  of  a 
mathematical  work  entitled  "  Urania  Propitia,"  published  in 
1650,  in  Latin  and  German;  in  which  are  contained  various 
accurate  astronomical  tables  calculated  upon  Kepler's  hypo- 
thesis. 

CUPEL,  a  shallow  earthen  vessel  resembling  a  cup,  from 
which  it  derives  its  name,  is  made  of  phosphate  of  lime,  or  the 
residue  of  burned  bones  rammed  into  a  mould,  which  gives  its 
figure.  This  vessel  is  used  in  assays  wherein  the  precious 
metals  are  fused  with  lead,  which  becomes  converted  into 
glass,  and  carries  the  impure  alloy  with  it. 

CUPELLATION,  the  ait  of  refining  gold  or  silver  by 
means  of  a  cupel.  For  this  purpose  another  vessel  called  a 
muflle  is  used,  within  which  may  be  placed  one  or  more  cupels. 

CUP-GALLS,  formed  on  the  leaves  of  the  oak  and  other 
trees,  resemble  a  "drinking-glass  with  a  cover,  which  last  is 
flat,  anil  has  a  small  protuberance  in  the  centre. 

CUPOLA,  in  Architecture,  a  spherical  vault,  or  the  round 
top  of  the  dome  of  a  church. 

CUPPING,  in  Surgery,  the  operation  of  applying  cupping- 
glasses,  for  the  local  discharge  of  blood  and  other  humours  by 
the  skin. 

CUPRESSUS,  the  Ci/prcss-tree,  a  genus  of  the  monadelpliia 
order,  in  the  monoeeia  class  of  plants,  ranking  in  the  natural 
method  under  the  51st  order,  coniferae,  of  which  there  are  seven 
species,  all  raised  from  seeds,  and  sometimes  from  cuttings. 
The  wood  of  the  evergreen  cypress  is  said  to  resist  worms, 
moths,  and  putrefaction,  and  to  endure  for  ages.  This  tree  has 
also  been  celebrated  as  a  remedy  in  pulmonic  diseases,  from 
its  supposed  property  of  meliorating  the  air  by  its  balsamic 
exhalations. 

CURATE,  the  parson,  or  vicar  of  a  parish,  who  has  the 
charge  or  cure  of  the  parishioners'  souls  ;  or,  a  person  substi- 
tuted by  the  incumbent,  to  serve  his  cure  in  his  stead. 

CUKATOR,  among  Civilians,  one  appointed  to  manage  the 
affairs  of  minors,  or  persons  incapable  of  acting  for  them- 
selves. 

CURCULIO,  the  weevil,  a  genus  of  insects  belonging  to  the 
order  of  coleoptera ;  and  of  which  there  are  fifteen  species, 
whose  larva;  commit  great  ravages  in  corn-lofts,  burying  them- 
selves in  the  grain,  and  entirely  devouring  the  meal.  When  the 
insect  arrives  to  its  full  size  it  becomes  a  chrysalis.  Other 
larva;  fix  themselves  in  beans,  peas,  and  lentiles,  artichokes, 
thistles,  and  the  leaves  of  the  elm  tree. 

CURCUMA,  Turmeric,  a  genus  of  the  nionogynia  order,  in 
the  nionandria  class  of  plants,  ranking  in  the  natural  method 
under  the  8tli  order,  scitamineic,  and  of  which  there  are  three 
species,  that  grow  naturally  in  India,  whence  the  roots  are 
brought  to  Europe,  to  be  used  in  dyeing  yellow:  and  in  medi- 
cine as  a  remedy  for  the  jaundice. 

CUKFEW,  a  signal  given  in  cities  taken  in  war.  Sec.  to  the 
inhabitants  to  go  to  bed,  andadvertise  thepeople  to  secure  them- 
selves from  the  robberies  and  debaucheries  of  the  night.  The 
most  eminent  curfew  in  England,  was  that  established  by  Wil- 
liam the  Conqueror,  who  appointed,  under  severe  penalties, 
that,  at  the  ringing  of  a  bell,  at  eight  o'clock  in  the  evening, 
every  one  should  put  out  their  lights  and  fires,  and  go  to  bed  : 
whence  to  this  day,  a  bell,  rung  about  that  time,  is  called  a 
curfew-bell. 

CURING  Fisii  AND  Bacon. — The  following  simple  and  eas;' 
mode  of  preserving  mackarel,  pilchard.s,  herrings,  and  sprats, 
has  been  proved  by  experience  to  answer  well.  Half  fill  some 
water-tight  casks  or  vats,  with  a  brine  made  fniiii  about  28  parts 
of  solid  salt  to  72  parts  of  fresh  water.  Into  this  brine,  the 
fish,  gutted  or  not,  are  thrown  as  fresh  as  possible,  sufiicicnt  to 
nearly  fill  the  vessel.  Some  moisture  will  exude  from  the  fish 
during  the  pickling,  therefore  add  more  salt  to  saturate  it;  and 
as  the  brine  is  always  weakest  in  the  upper  part,  a  piece  of 
basket  work,  or  lattice  work  frame,  should  be  provided,  to  fit 
inside  of  the  cask  or  vat,  and  sunk  an  inch  or  two  below  the  sur- 
face; of  the  brine,  upon  which  is  to  ho  placed  some  large  lumps 
of  solid  salt,  which  will  keep  fully  saturated  the  whole  of  the 
liquor,  and  keep  it  so  as  long  as  the  lumps  remain  undissolved. 
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The  sulidity  of  these  lumps  admit  of  tlicir  hcinif  applied  several 
times,  or  as  ot'teii  as  the  vessels  arc  replenished  with  (ish.  The 
finh  are  to  remain  thus  immersed  in  the  liquor  for  five  or  six 
days,  when  they  may  be  taken  and  packed  in  large  grained 
salt,  as  usual.  Various  sorts  of  provisions  are  best  preserved 
by  this  process,  particularly  bacon,  which  ii  not  so  liable  to 
Dccome  rancid. 

CURRANTS,  the  fruit  of  a  species  of  grossularia.  The 
white  and  red  sorts  are  mostly  esteemed  ;  the  black  are  em- 
ployed to  llavour  English  spirits,  and  counterfeit  French 
brandies.  The  jelly  is  reckoned  efficacious  in  sore  throats. 
Currants  also  signify  a  small  kind  of  grapes  brought  from 
Zante  and  Cephalonia. 

CURRENTS,  in  Navigation,  are  certain  settings  of  the 
stream,  by  which  ships  are  obliged  to  alter  their  course,  in 
order  to  arrive  at  the  destined  port.  The  sitlhuj  of  the  current 
is  that  point  of  the  compass  to  which  the  waters  run  ;  and  the 
drift  of  the  current  is  the  rate  it  runs  per  hour.  For  the 
method  of  determining  their  course  and  drift,  see  Robertson's 
"  Navigation,"  vol.  ii.  book  7,  sect.  8,  where  the  sailing  in 
currents  is  largely  exemplified. 

CURRYING,  the  method  of  preparing  leather  with  oil,  tal- 
low, &c.  The  skins  when  tlicy  come  from  the  tanner  are 
soaked  in  water;  then  stretched  on  a  wooden  horse,  and  being 
well  scraped  are  put  to  soak  agnin.  While  wet  lliey  arc  placed 
on  a  hurdle  and  trampled  upon,  to  make  Ihem  soft  and  pliant. 
In  the  next  place  they  are  soaked  in  train  oil,  and  when  taken 
out  arc  fastened  to  large  tables.  Tlien  the  currier  with  an  in- 
strument called  a  piimnul,  which  is  a  thick  piece  of  wood, 
having  the  under  side  full  of  furrows  crossing  each  other,  folds, 
squeezes,  and  moves  them  backwards  and  forwards  under  the 
teeth  of  the  instrument,  to  break  their  stillness.  This  last  is 
called  currying:  after  which  operation  the  skins  are  either 
coloured  or  made  white.  This  last  is  done  by  rubbing  them 
with  chalk  or  white  lead,  and  afterwards  with  pumice-stone. 
Wlien  a  skin  is  to  be  made  black,  after  it  is  oiled  and  dried, 
the  currier  passes  over  it  a  puff  dipt  in  water  impregnated  with 
iron  ;  he  next  gives  it  another  wetting  with  a  water  prepared 
with  soot,  vinegar,  and  gum-arabic.  This  last  operation  is 
repeated  till  the  skin  is  of  a  shining  black. 

CUR.SITOK,  an  ollicer  belonging  to  the  chancery,  who 
makes  out  the  original  writs.  There  are  twenty-four  cursitors 
'lotted  to  several  counties. 

CURSOR,  a  Runner,  or  Messenger,  a  small  sliding  piece  of 
brass,  in  some  mathematical  instruments,  as  the  piece  of  an 
equinoxial  ring-dial,  which  slides  to  the  day  of  the  mouth,  the 
point  that  slides  along  the  beam  compass,  &e. 

CURTAI  N,  or  Ci'UiiN,  in  Fortification,  that  part  of  the  ram- 
part of  a  place  between  the  Hanks  of  two  basticnis.  bordered 
with  a  iiarapet  five  feet  high,  behind  which  the  soldiers  stand 
to  fire  upon  the  covered  way  and  into  the  moat. 

CURTATE  Distance,  in  Astronomy,  is  the  distance  of  a  pla- 
net's place  from  the  sun  or  earth,  reduced  to  the  ecliptic  ;  or, 
the  interval  between  the  sun  or  earth,  and  that  point  where  a 
perpendicular,  let  fall  from  the  planet,  meets  with  the  ecliptic. 

CURTATIUN,  is  the  interval  between  a  planet's  distance 
from  the  sun,  and  the  curtate  distance. 

CURVATURE  of  a  Line,  is  its  bending  or  flexure,  by 
which  it  becomes  a  curve  of  any  particular  form  and  proper- 
ties. Thus,  the  nature  of  the  curvature  of  the  circle  is  such, 
that  every  point  in  the  periphery  is  equally  dislant  from  a  point 
within  called  the  centre;  and  so  the  curvature  of  the  same 
circle  is  every  where  the  same,  but  the  curvature  of  all  other 
curves  is  continually  varying.  The  curvature  of  a  circle  is  so 
much  the  more,  as  its  radius  is  less,  being  always  reciprocally 
as  the  radius  and  the  curvature  of  other  curves  is  measured 
by  the  reciprocal  of  the  radius  of  a  circle,  having  the  same 
degree  of  curvature  as  any  curve  has,  at  some  certain  point. 
Every  curve  is  bent  from  its  tangent  by  its  curvature,  the 
mCasurc  of  which  is  the  same  as  that  of  the  angle  of  contact 
formed  by  the  curve  and  tangent.  Now  the  same  tangent  is  in 
common  to  an  inlinite  number  of  circles,  or  other  curves,  all 
touching  it  and  each  other  in  the  same  point  of  contac^t.  So 
that  any  curve  may  be  touched  by  an  inlinite  number  of 
different  circles  at  the  same  point;  and  some  of  these  circles 
fall  wholly  within  it,  being  more  curved,  or  haying  a  greater 
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curvature  than  that  curve  ;  while  others  fall  without  it  near  the 
point  of  contact,  or  between  the  curve  and  tangent  at  that 
point,  and  so  being  less  dellected  from  the  tangent  than  the 
curve  is,  they  have  a  less  degree  of  curvature  there  ;  conse- 
quently there  is  one,  of  this  infinite  number  of  circles,  which 
neither  falls  below  it  nor  above  it,  hut,  being  equally  deflected 
from  the  tangent,  coincides  with  it  most  intimately  of  all  the 
circles ;  and  the  radius  of  this  circle  is  called  the  radius 
of  curvature  of  the  curve ;  also  the  circle  itself  is  called  the 
circle  of  curvature,  or  the  osculatory  circle,  of  that  curve, 
because  it  touches  it  so  closely  that  no  other  circle  can  be 
drawn  between  it  and  the  curve. 

CURVE,  in  Geometry,  is  a  line,  the  several  parts  of  which 
proceed  in  dilferent  directions,  and  are  successively  posited 
towards  different  points  in  space. 

A  plane  Curve,  is  that  of  which  the  several  points  in  it  lie  in 
the  same  plane  ;  and  when  this  is  not  the  case,  the  curve  is 
said  to  be  one  of  double  curvature. 

Curve  Lines  are  distinguished  into  algebraical  or  geometri- 
cal, and  transcendental  or  mechanical.  Alr/ebraical  or  Oeome- 
trieal.  Cvtivfs,  are  those  in  which  the  relation  of  ttie  abscisses 
to  the  ordinates  can  be  expressed  by  a  common  algebraical 
expression.  Transcendental  or  Mechanical  Curves,  are  such 
as  cannot  be  defined  or  expressed  by  an  algebraical  equation; 
or  when  they  are  expressed  by  an  equation,  one  of  its  terms  is 
a  variable  quantity,  or  a  curve  line. 

Famili/  of  Curves,  is  an  assemblage  of  several  curves  of 
different  kinds,  all  defined  by  the  same  equation  of  an  indeter- 
minate degree ;  but  differently,  according  to  the  diversity  of 
their  kind. 

Curve  of  Double  Curvature,  is  used  to  denote  the  curve- 
line,  al.;  the  parts  of  which  are  not  situated  in  the  same 
plane.  A  curve  which  can  only  be  traced  upon  a  curve  sur- 
face, and  not  upon  a  pinnc  surface,  is  called  a  cuive  of 
a  double  curvature.  These  kinds  of  curves  may  be  consi- 
dered as  generated  by  the  track  of  a  point  which  is  moved 
upon  a  curve  surface,  the  direction  of  its  motion  being  con- 
tinually deflected  cither  towards  the  right,  or  towards  the  left 
hand  ;  thus  it  happens  that  the  line  so  <lescribed  is  curved, 
in  two  senses  ;  for  in  effect,  is  partakes  of  the  curvature  of  the 
curve  surfaces,  and  of  the  continual  and  successive  deflections 
of  the  describing  point.  Two  curve  surfaces  which  mutually 
penetrate  each  other,  form  also,  in  general,  by  their  inlersec- 
tion,  a  curve  of  double  curvature.  Such,  for  example,  is  the 
curve  which  is  formed  by  the  mutual  penetration  of  a  right 
cylinder  and  a  sphere,  supposing  that  the  axis  of  the  cylinder 
does  not  pass  through  the  centre  of  tlie  S|)here.  We  have  said 
in  general,  for  it  may  happen  on  account  of  particular  circum- 
stances, that  the  intersections  of  two  curve  surfaces  is  a  plane 
curve.  Thus,  in  the  preceding  example,  if  the  axis  of  the 
cylinder  passed  through  the  centre  of  the  sphere,  the  curve  of 
intersection  would  be  the  common  circle.  Ingenious  disquisi- 
tions on  curves  of  double  curvature,  have  been  given  by  Euler 
anil  La  Croix. 

CURVILINEAR,  any  thing  relating  to  curves,  as  curvilinear 
angle,  figure,  surface,  &c.  being  such  as  arc  formed  or  bounded 
by  curves. 

CUSCUT.\,  Dodder,  a  genus  of  the  digynia  order,  in  the 
tetrandria  class  of  plants,  ranking  in  the  natural  method  under 
the  dubious  order.  There  are  fiiur  species,  one  of  which  is  a 
native  of  Britain,  ri:.  The  Euriq);ea,  dodder,  hell-weed,  or 
devil's  guts  ;  a  singular  plant,  almost  destitute  of  leaves,  creep- 
ing and  fastening  on  wlialevcr  is  next  to  it.  It  decays  at  Iho 
root,  and  aflerw;irds  is  nourished  liy  the  plant  to  which  it  ad- 
heres.    Hops,  flax,  and  nettles  are  its  common  supporters. 

CUSP,  CusPis,  in  Astronomy,  properly  denotes  the  point  of 
a  spear,  but  is  used  to  express  the  points  or  horns  of  the  moon, 
or  other  luminary. 

Cusp,  in  Geometry,  is  used  for  the  point,  or  corner,  formed 
by  two  parts  of  a  curve  meeting  and  terminating  there. 

CUSTOM,  a  law,  not  wrillcn,  which  from  huig  usage  and  con- 
sent becomes  a  matter  of  right.  It  is  cither  general  or  parti- 
cular; the  first  when  allowed  thrtuigliout  England  ;  particular 
when  confined  to  a  particular  district. 

CusroM  is  also  a  very  comprehensive  term,  denoting  the 
manners,  ceremonies,  and  fashions  of  a  people,  wlrich  liaviug 
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turned  info  a  habit,  and  passed  into  use,  obtains  the  force  of 
laws  ;  in  which  sense  it  implies  such  usages  as,  though  volun- 
tary at  first,  are  jet,  by  practice,  become  necessary.  Custom 
is  iience  defined,  a  law  not  written,  but  established  by  long 
usan-e,  and  the  consent  of  our  ancestors;  in  which  sense  it 
stands  opposed  to  the  written  law.  All  customs  ought  to  have 
a  reasonable  commcnceaient,  be  certain,  not  ambiguous,  have 
had  uninterrupted  continuance,  and  not  be  against  the  king's 
prerogative. 

Custom  of  London:  it  is  a  custom  of  London,  that  where  a 
person  is  educated  in  one  trade,  he  may  set  up  another ;  that 
•where  a  woman  uses  a  trade  without  her  liusband,  she  is 
chargeable  alone,  as  afemtne  sole  merchant,  and,  if  condemned, 
she  be  put  in  prison  till  she  pays  the  debt;  likewise  the  bail  for 
her  are  liable  if  she  absent  herself,  and  the  husband,  in  these 
cases,  shall  not  be  charged.  If  a  dehor  be  a  fugitive,  by  the 
custom  of  London  he  may  be  arrested  before  the  day,  in  order 
to  find  better  security,  &c.  These  are  customs  of  London, 
different  from  those  of  other  places. 

CUSTOM  of  Mervhanis:  if  a  merchant  gives  a  character  of  a 
stranger  to  one  who  sells  him  goods,  he  may  be  obliged  to 
satisfy  the  debt  of  the  stranger  for  the  goods  sold,  by  the  cus- 
tom of  merchants.  And  when  two  persons  are  found  in  arrears, 
upon  an  account  grounded  on  the  custom  of  merchants,  either 
of  them  may  be  charged  to  pay  the  whole  sum  due,  See. 
Various  other  cases  depend  on  what  is  understood  as  the  usual 
custom  of  commercial  men. 

CUSTOMS,  in  Commerce,  the  duties  or  taxes  payable  upon 
the  importation  or  exportation  of  merchandise.  They  appear 
to  have  been  originally  levied  to  reimburse  the  sovereign  for 
the  expense  he  incurred  in  protecting  foreign  trade,  and  were 
considered  as  taxes  upon  the  profits  of  the  merchants,  being 
imposed  equally  upon  all  sorts  of  goods,  necessaries  as  well  as 
luxuries. 

CUST03  BREVIUM,  the  principal  clerk  in  the  Court  of 
Common  Pleas,  who  keeps  all  the  writs  made  returnable  in 
that  court,  and  makes  entries  of  writs  of  covenant,  &c. 

GUSTOS  MESSIUM.  Monsieur  de  la  Lande  introduced 
this  asterism  in  honour  of  the  celebrated  astronomer  Messier, 
and  in  allusion  to  his  name  it  has  been  called  the  Guardian  of 
the  Harvests. — The  boundaries  and  contents  are:  south  by 
Cassiopeia,  east  by  Cepheus,  north  by  Tarandus,  and  west  by 
Camelopardalis.  Right  ascension  35°,  and  G8°  declination 
north.  The  stars,  about  ten  in  number,  are  mostly  invisible  to 
the  naked  eye. 

CUSTOS  ROTULORUM,  an  oHicer  who  has  the  care  of  the 
rolls  and  records  of  the  sessions  of  peace,  also  of  the  commis- 
sion of  the  peace. 

CUT-WATER,  in  a  ship,  is  the  sharp  part  of  the  head  under 
the  beak  or  figure. 

CUTICULA,  in  Anatomy,  a  thin  membrane  close  upon  t!ie 
skin  or  cutis,  of  which  it  seems  to  be  a  part,  and  to  which  it 
firmly  adheres  by  the  corpus  rcticulare. 

CUTIS,  in  Anatomy,  the  skin,  tliat  strong  covering  which 
envelopes  the  whole  surface  of  animals,  and  which  consists 
chiefly  of  two  parts,  a  thin  white  elastic  layer  on  the  outside 
called  the  epidermis  or  cuticle ;  and  a  thick  one  composed  of 
many  fibres  closely  interwoven  and  disposed  in  difl'erent  direc- 
tions, called  the  cutis  or  true  skin. 

CUTLERY,  in  the  general  sense  comprises  all  those  articles 
denominated  edge-tools,  but  it  is  more  particularly  confined  to 
the  manufacture  of  knives,  forks,  scissars,  penknives,  razors, 
swords,  and  surgical  instruments. 

CUTTER,  a  sloop-rigged  vessel  built  sharp  for  sailing; 
generally  used  in  smuggling,  or  in  the  navy  to  watch  the  coast, 
and  to  look  after  vessels  engaged  iu  contraband  trade. 

CYCAS,  a  genus  of  plants  belonging  to  the  first  natural 
order  palmae.  The  fruit  is  a  dry  plum  with  a  bivalve  kernel. 
There  are  two  species;  1.  The  eircinalis  or  sa^o  tree,  which 
grows  in  the  East  Indies,  particularly  on  the  coast  of  Malabar. 
It  rises  to  the  height  of  forty  feet,  and  Ihe  leaves  are  seven  or 
eight  feet  long.  The  flowers  grow  in  long  bunches  at  the  foot- 
stalks of  the  leaves,  and  are  succeeded  by  oval  fruit,  about  the 
size  of  large  plums,  of  a  red  colour  when  ripe,  and  of  a  sweet 
taste.  E:ich  contains  a  nut  enclosing  a  white  kernel  which 
tastes  like  the  chestnut.     The  inhabitants  of  India  saw  the 


body  of  the  tree  into  pieces,  then  beat  them  into  a  mortar  and 
pour  water  upon  it.  When  strained,  a  fine  mealy  substance 
comes  oil',  which  is  made  into  bread.  The  same  meal  finely 
powdered  is  made  into  sago.  2.  The  cj  as  revoluta,  or  bread 
tree  of  the  Hottentots,  discovered  by  Thunberg,  has  a  pith 
which  abounds  in  the  trunk,  and  is  collected  and  tied  up  in 
skins,  and  buried  some  weeks  till  it  is  tender  enough  to  be 
kneaded,  and  then  it  is  made  into  loaves  of  frumenty. 

CYCLE,  a  certain  peiiod  or  series  of  numbers,  proceeding 
orderly  from  first  to  last,  then  returning  again  to  the  first,  and 
so  circulating  perpetually.  Cycles  have  chiefly  arisen  from  the 
inconunensurability  of  the  revolutions  of  the  earth  and  celestial 
bodies  to  one  another.  The  apparent  revolution  of  the  sun 
about  the  earth,  has  been  arbitrarily  divided  into  24  hours, 
which  is  the  basis  or  foundation  of  all  our  mensuration  of  time, 
whether  days,  years,  &c.  But  neither  the  annual  motion  of  the 
sun,  nor  that  of  the  other  heavenly  bodies,  can  be  measured 
exactly,  and  without  any  remainder,  by  hours,  or  their  multiples. 
That  of  the  sun,  for  example,  is  3G5  days,  5  hours,  49  minutes, 
nearly  ;  that  of  the  moon,  29  days,  12  hours,  44  minutes,  nearly. 
Hence,  in  order  to  express  these  fractions  in  whole  numbers, 
and  yet  in  numbers  which  only  express  days  and  years,  cycles 
have  been  invented;  which,  comprehending  several  revolutions 
of  the  same  body,  replace  it,  alter  a  certain  number  of  years,  in 
the  same  points  of  the  heaven  whence  it  first  departed  ;  or,  which 
is  the  same  thing,  in  the  same  place  of  the  civil  calendar. 

The  most  remarkable  of  these  are  the  following: — The  Ci/ete 
(f  the  Sun,  or  Solar  Ci/cle,  is  a  revolution  of  28  years,  in  which 
time  the  days  of  the  months  return  again  to  the  same  days  of 
the  week  ;  the  sun's  place  to  the  same  signs  and  degrees  of  the 
ecliptic  on  the  same  month  and  days,  so  as  not  to  difl"er  one 
degree  in  100  years  ;  and  the  leap-years  begin  the  same  course 
over  again,  with  respect  to  the  days  of  the  week  on  which  the 
days  of  the  month  fall.  The  Cycle  of  the  Moon,  commonly  called 
the  Golden  Number,  is  a  revolution  of  19  years  ;  in  which  time 
the  conjunctions,  oppositions,  and  other  aspects  of  the  moon, 
arc  within  an  hour  and  a  half  of  being  the  same  as  they  were 
on  the  same  days  of  the  months  19  years  before.  The  Indic- 
tion  is  a  revolution  of  15  years,  used  only  by  the  Romans,  for 
indicating  the  times  of  certain  payments,  made  by  the  subjects 
to  the  republic.    It  was  established  by  Constantine,  A.  D.  312. 

The  year  of  our  Saviour's  birth,  according  to  the  vulgar  aera, 
was  the  ninth  year  of  the  solar  cycle,  the  first  year  of  the  lunar 
cycle;  and  the  312th  year  after  his  birth,  was  the  first  year 
after  the  Roman  Indi'tion.  Hence,  to  find  the  year  of  the  Solar 
Cycle,  add  9  to  any  given  year  of  Christ,  and  divide  the  sum 
by  28,  the  quotient  is  the  number  of  cycles  elapsed  since  his 
birth,  and  the  remainder  is  the  cycle  for  the  given  year:  if 
nothing  remains,  the  cycle  is  28. 

To  find  the  Lunar  Cycle. — Add  one  to  the  given  year  of  Christ, 
and  divide  the  sum  by  19;  the  quotient  is  the  number  of  cycles 
elapsed  in  the  interval,  and  the  remainder  is  the  c\cle  for  the 
given  year:  if  no  thing  remains,  the  cycle  is  19.  Lastly,  subtract 
312  from  the  given  year  of  Christ,  and  divide  the  remainder  by 
15,  and  what  remains,  after  this  division,  is  the  Indictiou  for 
the  given  year :  if  nothing  remains,  the  Indiction  is  15. 

The  Cycle  of  Easter,  also  called  the  Dionysian  Period,  is  a 
revolution  of  532  years  ;  found  by  multiplying  the  solar  cycle 
28,  by  the  lunar  cvcle  19.  If  the  new  nmons  did  not  anticipate 
upon  this  cycle,  Easter-day  would  always  be  the  Sunday  next 
after  the  full  moon  which  follows  the  twenty-first  of  March; 
but,  on  account  of  the  above  anticipation,  to  which  no  proper 
regard  was  had  before  the  late  alteration  of  the  stj  le,  the  eccle- 
siastic Easter  has  several  times  been  a  week  difl'erent  from  the 
true  Easter,  within  this  last  century  ;  which  inconvenience  is 
now  remedied  by  making  the  table,  which  used  to  find  Easter 
for  ever,  in  the  Common  Pra\cr  Book,  of  no  longer  use  than 
the  lunar  dill'erence  from  the  new  style  w  ill  admit  of.  The  ear- 
liestEaster  possible,  is  the22d  of  March  ;  the  latest,  the25tli  of 
April.  Within  these  limits  are  tliirt\-five  days,  and  the  number 
belonging  to  each  of  them  is  called  the  Number  of  Direction; 
because,  thereby,  the  time  of  Easter  Is  found  for  any  given 
year. 

CYCLOGRAPH,  an  instrument,  as  its  name  imports,  used 
for  describing  the  arcs  of  circles,  in  some  cases  where  com- 
passes  cannot  be  employed. 
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The  most  simple  cjclo- 
grapl),  next  to  llie  com- 
passes, is  that  comnioiily 
nsed  hy  artificers  in  de- 
scribing arches  for  the 
tops  of  doors,  windows, 
&c.  D  CE  represent  two 
rods,  forming  any  determined  angle  at  C  ;  A  and  B  are  two 
fixed  pins  or  nails,  between  wliich  the  cyclograph  D  C  E  is 
made  to  move,  keeping  both  legs  in  constant  contact  with  those 
points  ;  so  will  the  angle  C  describe  the  arch  of  a  circle,  as  is 
obvious,  because  all  angles  in  tlie  same  segments  are  equal  to 
each  other  ;  and,  therefore,  conversely,  if  the  angles  be  equal, 
the  curve  is  the  are  of  a  circle. 

CYCLOID,    (in   Geometry,)    or  TiiocHom,    a   mechanical 
or   transcendental     curve,   possessing    several    very    curious 
properties,  (he  generation  of  wliich  will   be  understood  from 
the  folloHing  figure.     Con- 
ceive  the  circle  E  P  E   to  i 
rotate  along  the  right  line 
A  U,  in  the  same  plane  w  itii 
the  circle,  until  a  fixed  point 
P   in     the    circumference, 
which  at  first  touched  the 
right  line  at  A,  touches  it 
again  at  B,  after  an  entire 
revolution  ;   then  the  curve 
A  C  B,   traced    upon   the 
plane   by    the   point  P,  is 
culled  a  cycloid. 

The  line  A  B  is  called  the 
lasc,  and  D  C  the  axis  of 
the  cycloid  ;  and  the  circle 
E  P  E  the  generating  circle. 
If  the  point  P  be  without 
the  circumference  of  the 
generating  circle,  then  the 
curve  described  by  that 
point  is  properly  called  a 
trochoid,  but  commonly  also 
a  curtate  ci/cloid. 

And  if  the  point  P  be 
within  the  circumference 
of  the  generating  circle, 
then  the  curve  is  called  the 
prolate  cycloid. 

If  the  generating  circle,  instead  of  revolving  along  a  right 
line,  as  in  the  above  figures,  is  made  to  revolve  along  either  the 
concave  or  convex  circumference  of  another  circle,  then  tlio 
curve  so  generated  is  called  an  Epicycloid  ;  the  principal  pro- 
perties of  which  will  be  found  under  that  article.  The  cycloid 
is  a  modern  curve,  the  invention  of  which  has  been  attributed 
to  Bovillus,  who  wrote  about  the  year  1501. 

We  cannot,  in  this  place,  enter  into  an  investigation  of  the 
several  curious  properties  which  belong  exclusively  to  the  cy- 
cloid, as  this  would  occupy  much  more  space  than  can  with 
propriety  be  allotted  to  this  article ;  we  must,  therefore,  con- 
tent ourselves  with  enumerating  the  principal  of  them. 

Properties  of  the  Ci/cloid. — Draw  any  right  ordinate  FGH, 
fig.  1.  above,  join  C  G,  and  from  H  draw  11  I  parallel  to  C  G, 
meeting  the  axis  D  C  pro<luced  in  I.  Then,  I.  I II  is  a  tangent 
to  the  cycloid  at  the  point  H.  2.  The  circular  arc  C  G  is  equal 
to  the  right  line  H  G.  3.  The  semi-circumference  C  G  D  :r  semi- 
base  D  B.  4.  The  cycloidal  arc  C  H  =  double  the  chord  C  G. 
o.  The  semi-eycloidal  arc  C  B  =:  double  the  diameter  C  D.  (i. 
The  area  of  the  cycloid  A  C  B  A  =:  triple  the  area  of  the  circle 
C  G  D.  7.  The  three  spaces  A  C  D,  the  circle  C  G  D,  and 
C  B  D,  arc  equal  to  eacli  other.  8.  The  upper  segment  of  a 
cycloid  cut  olf  by  a  line  parallel  to  the  base,  at  }  of  the  axis 
from  the  vertex,  is  equal  to  the  regular  hexagon  inscribed  in 
the  generating  circle,  i).  The  solid  generated  by  the  revolution 
of  the  cycloid  abont  its  base  A  B,  is,  to  its  circumscribing  cylin- 
der, as  5  to  8.  10.  Tlie  solid  generated  about  the  tangent  pa- 
rallel to  the  base,  is.  to  its  circumscribing  cylinder,  as  7  to  8. 
11.  And  the  sniid  gciieratcd  about  the  tangent  parallel  to  the 
axis,  is,  to  its  circumscribing  cylinder,  as  (i  to  8. 


CYCLOPTERUS,  the  Sucher,  i  genus  of  fishes  helongiDg  to 
the  order  of  amphibia  nantes,  of  which  there  arc  three  species, 
1.  The  luinpus  or  lump  fish,  is  in  length  nineteen  inches,  and 
weighs  seven  pounds.  These  fish  abound  in  the  Greenland 
seas,  and  on  the  coast  of  Scotland.  2.  The  liparis  or  sea  snail, 
of  a  soft  unctuous  texture,  and  soon  melts  away,  is  in  length 
five  inches,  and  the  colour  a  pale  brown.  3.  Cycloptcrus  minor, 
or  the  lesser  sucking  lish,  is  found  on  the  coast  of  Britain.  It 
is  about  four  inches,  and  fastens  very  tenaciously  to  stones 
and  rocks. 

CYDER.  We  have  already  treated  of  Cider,  and  as  the 
two  modes  of  spelling  this  word  frequently  occur,  we  have  taken 
leave,  under  the  present  orthography,  to  insert  some  directions 
which  may  prove  useful,  in  those  families  and  countries  where 
cyder  is  a  common  drink.  Let  your  fruit  be  as  near  the  same 
ripeness  as  possible,  otherwise  the  juice  will  not  agree  in  fer- 
menting. When  they  are  properly  sweated,  grind  and  press 
them;  and  as  soon  as  you  have  filled  a  cask,  if  a  hogshead, 
which  is  one  hundred  and  ten  gallons,  ferment  it  as  follows; 
and  if  less,  proportion  the  ingredients  to  your  quantity. 

A  Ferment  for  Ci/der. — To  one  hogshead  of  cyder,  take  three 
pints  of  solid  yeast,  the  mildest  you  can  get;  if  rough,  wash  it 
in  warm  water,  and  let  it  stand  till  it  is  cold.  Pour  the  water 
from  it,  and  put  it  in  a  pail  or  can;  put  to  it  as  much  jalap  as 
will  lay  on  a  sixpence,  beat  them  well  together  with  a  whisk, 
then  apply  some  of  the  cyder  to  it  by  degrees  till  jour  can  is 
full.  Put  it  all  to  the  cyder,  and  stir  it  well  together.  When 
the  ferment  comes  on  you  must  clean  the  bung-holes  every 
morning  with  your  finger,  and  keep  filling  the  vessel  up.  The 
ferment  for  the  first  live  or  six  days  will  be  black  and  stiff;  let 
it  stand  till  it  ferments  white  and  kind,  which  it  will  do  in  four- 
teen or  fifteen  days;  at  that  time  stop  the  ferment,  otherwise  it 
will  impair  its  strength. 

To  stop  the  Ferment. — In  slopping  this  ferment,  which  is  a  very 
strong  one,  you  must  first  rack  it  into  a  clean  cask,  and  when 
pretty  near  full,  put  to  it  three  pounds  of  coarse,  red,  scower- 
ing  sand,  and  stir  it  well  together  with  a  strong  stick,  and  till 
it  within  a  gallon  of  being  full;  let  it  stand  five  or  six  hours, 
then  pour  on  it  as  softly  as  you  can  a  gallon  of  English  spirit, 
and  bung  it  up  close;  but  leave  out  the  vent-peg  a  day  or  two. 
At  that  time  just  put  it  in  the  hole,  and  close  it  by  degrees  till 
you  have  got  it  close.  Let  it  lay  in  that  state  at  least  a  year; 
and  if  very  strong  cyder,  such  as  stire,  the  longer  you  keep  it 
the  better  it  will  be  in  the  body  ;  and  when  you  pierce  it,  if  not 
bright,  force  it  in  the  following  manner. 

A  Forcing  for  Cyder. — Take  a  gallon  of  perry  or  stale  beer, 
put  to  it  one  ounce  of  isinglass,  beat  well,  and  cut  or  pulled  to 
small  pieces;  put  to  it  the  perry  or  beer,  and  let  it  steep  three 
or  four  days.  Keep  whisking  it  together,  or  else  the  glass  will 
stick  to  the  bottom,  and  have  no  ellect  on  the  liquor.  When  it 
comes  to  a  stifl' jelly,  beat  it  well  in  your  can  with  a  whisk,  and 
mix  some  of  the  cyder  with  it  (ill  you  have  made  the  gallon 
four;  then  put  two  pounds  of  brick  rubbings  to  it.  and  stir  it 
together  with  two  gallons  of  c\der  more  adih'd  to  it,  and  apply 
it  to  the  hogshead;  stir  it  well  with  your  paddle,  and  shi\e  it 
up  close.  The  next  day  give  it  vent,  and  you  will  find  it  line 
and  bright.  If  you  force  perry,  cut  your  isinglass  with  cyder  or 
stale  beer,  for  no  liquor  will  force  its  own  body. 

To  cure  Acid  Cyder. — It  is  always  to  be  observed,  that  even 
weak  alkalies  euro  the  strongest  acid,  such,  for  instance,  as 
calcined  chalk,  calcined  oyster  or  scallop-shells,  calcined  egg- 
shells, alabaster.  &c.  But  if  a  hogshead  can  soon  be  drank, 
use  a  stronger  alkali,  such  as  salt  of  tartar,  or  salt  of  wormwood  ; 
but  in  using  them  you  must  always  preserve  their  colour  with  lac, 
or  else  the  alkali  will  turn  the  licjuor  black,  and  keep  it  foul. 

To  one  hogshead,  take  two  gallons  of  lac*,  and  put  to  it  one 
ounce  and  a  half  of  isinglass,  beat  well,  and  pulled  small;  boil 
them  together  for  five  or  six  minutes;  strain  it,  and  when  a 
still' jelly,  break  it  with  a  whisk,  and  mix  about  a  gallon  of  the 
cyder  wlh  it:  then  put  three  pounds  of  calcined  chalk,  and  lao 
pounds  of  calcined  oyster-slulls  to  it,  whisk  it  well  together 
with  four  gallons  more  of  the  e\  der,  and  apply  it  to  the  hogs- 
head. Stir  it  well,  an<l  it  w  ill  immediately  discharge  the  acid 
part  out  at  the  bung.     Let  it  stand  one  hour,  then  bung  it  close 

•  Lac  is  milk,  liiit  llic  cre.im  must  be  >liinimfil  oO'  it  for  use. 
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or  five  or  six  days ;  rack  it  from  the  bottom  into  a  clean  hogs- 
head, and  apply  one  quart  of  forcing  to  it.  If  you  use  a  strong 
alkali,  put  to  the  /acfour  ounces  of  salt  of  tartar,  or  salt  of  worm- 
wood ;  hut  the  former  is  best,  as  it  hath  not  tlie  bitter  taste  in  it 
which  the  wormwood  has. 

To  cute  Oily  Ci/rhr. — The  reason  that  cyder  is  sometimes  oily, 
.s  owing  to  tlie  fruit  not  being  sorted  alike  ;  for  the  juice  of  fruit 
that  is  not  ripe  will  seldom  mix  wilh  ripe  juice  in  fermentation. 
The  acid  part  of  one  will  predominate  over  the  other,  and  throw 
the  oily  particles  from  it,  which  separation  gives  the  liquor  a 
disagreeable,  foul  taste;  to  remedy  which,  you  must  treat  it  in 
the  following  manner,  which  will  cause  the  oily  parts  to  swim  at 
top,  and  then  you  may  rack  the  liquor  from  its  bottom  and  oil. 

To  a  hogshead,  take  an  ounce  of  salt  of  tartar,  and  two 
ounces  of  half  sweet  spirit  of  nitre,  mix  them  in  a  gallon  of  lac, 
and  whisk  them  well  together;  apply  it  to  the  hogshead,  bung 
it  up,  and  let  it  stand  ten  or  Dfteen  days ;  then  put  a  cock 
within  two  inclies  of  the  bottom  of  the  hogshead,  and  rack  it. 

Observe  when  it  runs  low  to  look  to  the  cock,  lest  any  of  the 
oily  part  should  come,  which  w  ill  be  all  on  the  top,  and  w  ill  not 
run  out  till  after  the  good  liquor  is  drawn  oil'. 

Put  to  the  clean  a  quart  of  forcing,  to  raise  it,  and  bung  it 
close. — When  you  take  out  the  oil  and  bottom,  your  cask  must 
be  well  fired,  otherwise  it  will  spoil  all  the  liquor  that  shall  be 
afterwards  put  into  it. 

For  Roj)!/  Cijiler. — The  following  remedy  for  ropy  cyder  must 
be  proportioned  with  judgment  to  the  degree  of  the  disorder  in 
the  liquor.  If  tlie  rope  be  stiif  and  stringy,  you  must  use  a 
larger  quantity  of  the  ingredients. 

if  a  hogshead  be  quite  stiff  and  stringy,  work  it  at  least  an 
hour  with  your  paddle,  then  put  to  it  six  pounds  of  common 
alum,  ground  to  a  fine  powder;  work  it  for  half  an  hour  after, 
and  bung  it  up  close.  This  in  a  week  will  cut  the  rope,  and 
bring  it  to  a  fine,  thin,  fluid  state.  Then  rack  it  into  a  clean 
hogshead,  and  put  to  it  one  quart  of  forcing;  stir  them  well  in 
the  hogshead,  and  bung  it  close  up.  If  but  a  thin  rope,  use  a 
less  quantity  of  the  alum,  and  work  it  the  same  way. 

Cyders  had-Jiaroured. — Some  cyders  in  keeping  are  apt  to 
get  reasty,  through  the  ill  quality  of  the  fruit;  and  sometimes 
through  the  badness  of  the  cask  will  get  musty,  or  fusty. 

To  remedy  these  evils,  you  must  throw  it  in  ferment,  if  its 
body  is  strong,  with  yeast  and  jalap,  and  let  it  ferment  three  or 
four  days;  which  will  throw  off  the  greatest  part  of  the  taste; 
then  stop  the  ferment.  If  a  hogshead,  put  to  it  one  pound  of 
sweet  spirit  of  nitre,  and  bung  it  up  close.  This  will  cure  the 
bad  flavour,  if  any  be  left,  and  likewise  keep  it  from  growing  flat. 

To  colour  Cyder. — In  many  places,  particularly  where  the  soil 
is  light,  and  the  orchard  lies  rising,  the  juice  of  the  fruit  is 
nearly  white,  and  though  the  cyder  may  be  strong,  it  does  not 
appear  to  be  so  by  reason  of  its  colour,  which  always  preju- 
dices the  buyer  against  it. 

Many  people  spoil  a  great  deal  of  good  cyder  by  boiliritr  arid 
mixing  molasses  with  it,  to  give  it  a  colour  which  not  onlj 
gives  it  a  bad  red  colour,  but  makes  it  muddy  as  we  1  as  bad- 
tasted.  Others  again  will  boil  a  large  quantity  of  biown  sugar, 
and  mix  with  it,  which  gives  it  a  colour  indeed,  thou;;h  a  light 
one;  when  two  pounds  of  good  sugar,  properly  used,  is  suffi- 
cient to  colour  ten  hogsheads,  as  follows: 

Take  two  pounds  of  powder  sugar,  the  whiter  (he  sugar  the 
farther  it  will  go,  and  the  better  the  colour  will  be.  Put  it  in 
an  iron  pot  or  ladle;  set  it  over  the  fire,  and  let  it  burn  liil  it 
is  black  and  bitter;  then  put  two  quarts  of  boiling  hot  water 
to  it ;  keep  stirring  it  about,  and  boil  it  a  quarter  of  an  hour 
after  you  have  put  the  water  to  it.  Take  it  off  the  fire,  and  let 
it  stand  till  it  is  cold,  then  bottle  it  for  use. 

Half  a  pint  of  this  will  colour  a  hogshead.  Put  to  each  half- 
pint,  when  you  use  it,  a  quarter  of  an  ounce  of  alum  ground,  to 
set  the  colour. — See  Cider. 

CYDONIA,  the  Quince,  so  called  from  Cydon  in  Crete,  which 
abounds  with  this  fruit.  The  species  are,  I.  The  oblonga,  with 
an  oblong  fruit,  lengthened  at  the  bases.  2.  The  maliforma 
with  oval  leaves,  woolly  on  the  upi)er  side.  The  most  valuable 
is  that  called  the  Portugal  quince,  the  pulp  of  which  turns  to  a 
fine  purple,  and  makes  a  gosd  marmalade. 

CYGNUS,  is  fabled  by  the  Greeks  to  be  the  Suan,  under  the 
form  of  which  Jupiter  deceived  Leda  or  Nemesis,  the  wife  of 


Tyndarus,  king  of  Laconia.  Leda  was  the  mother  of  Pollux 
and  Helena,  the  most  beautiful  woman  of  her  age,  and  also  of 
Castor  and  Clytcmncstra.  The  two  foriuer  were  deemed  the 
offspring  of  Jupiter,  and  the  others  claimed  Tyndarus  as  their 
father.  According  to  another  fable,-  Orpheus,  the  celebrated 
musician  of  antiquity,  having  been  killed  by  the  cruel  priestess 
of  Bacchus,  the  gods  metamorphosed  him  into  a  Suan,  and 
placed  him  among  the  stars  by  the  side  of  his  lyre. 

Boundaries  and  Contents. — Cygnus  is  situated  in  the  Milky 
Way,  and  is  bounded  on  the  north  by  Draco,  east  by  Lacerta 
and  Pegasus,  south  by  Vulpecula  et  Anser,  and  west  by  Lyra. 
There  are  eighty-one  stars  in  this  constellation,  viz.  one  of  the 
1st  or  •2d  magnitude,  six  of  the  3d,  twelve  of  the  4th,  Sec.  The 
most  brilliant  star  in  Cygnus  is  called  Deneb,  whose  right 
ascension  is  308°  49'  19",  and  its  desceusion  44°  38'  32"  north. 
The  greater  part  of  this  constellation  'never  sets  in  lat.  61° 
north,  and  Deneb  culminates  at  London,  for  the  first  day  of 
every  month,  as  in  the  following  table  :  Meridian  Altitude, 
83°  7'  32". 

Month. 

May 
June 
July 
Aug. 

CYLINDER,  is  a  solid  having  two  equal  circular  ends 
parallel  to  each  other,  and  every  plane  section  parallel  to  the 
ends  is  also  a  circle,  and  equal  to  them.     Cylinders  are  cither 

rig/U  or  oblique. 


Ioxth. 

CfLM. 

1)0.  mi. 

Jan. 

2     0  A. 

Feb. 

11  40  M. 

March 

9  45  M. 

April 

7  45  M. 

Cri.M. 

Month. 

Culm. 

ho.  mi. 

bo.  mi. 

0     0  M. 

Sept. 

9  60    A 

3  53  M. 

Oct. 

8  10    A 

1   55  M. 

■Not. 

6  15    A 

11  50  A. 

Dec. 

4  15    A 

Fig.  1. 


Fis.  2. 


A  Riijlit  CvLiNDEU,  is 
that  whose  side  is  perpen- 
dicular to  the  plane  of  its 
base,  as  the  figure  ABCD 
fig.  1. 

An  Oblique  CYLINDER, 
is  th^t  whose  side  is  not 
perpendicular,  but  oblique 
to«tlie  plane  of  its  base,  as 
LM  N  O,  fig.  2.  A  right  cylinder  may  be  conceived  to  be 
generated  by  the  revolution  of  a  rectangle,  as  P  B  D  Q,  about 
one  of  its  sides  P  Q,  which  remains  fixed,  and  which  is  called 
the  axis  of  the  cylinder.  Or  we  may  otherwise  conceive  it  to 
be  generated  by  carrying  a  right  line  parallel  to  itself,  about 
the  circuiuferenees  of  two  equal  and  parallel  circles  ;  which 
answers  as  well  for  the  obli(|ue.  as  for  the  right  cylinder. 

To  find  the  Surface  and  Solidity  of  a  Cylinder,  whether  right  or 
oblique.  — I.  .Multiply  the  circumference  of  its  base  by  its  length, 
and  the  product  will  be  the  area.  2.  Multiply  the  area  of  its 
base  by  its  perpendicular  height,  and  the  product  will  be  the 
solidity. 

CYLINDRIC,  or  Cylindrical,  any  thing  relating  to  the 
cylinder.  Cylindric  Ring,  is  a  solid  which  may  be  conceived, 
by  supposing  a  cylinoer  to  be  bent  round  into  a  circular  form, 
so  as  to  return  upon  itself. 

To  find  the  Surface  and  Solidity  of  a  Circular  Ring. — 1 .  Multi 
ply  the  circumference  of  a  perpendicular  section  of  the  ring, 
by  half  the  sum  of  the  invvard  and  outward  diameters,  and  that 
product  again  by  3'1416,  and  the  last  iirodiict  will  be  the 
surface  of  the  ring.  2.  Multiply  the  area  of  a  perpendicular 
section  by  the  same  quantities,  and  the  last  product  will  be  the 
soliditv. 

CYMATIUM,  in  Architecture,  a  member  or  moulding  of  the 
cornire,  the  profile  of  which  is  concave  at  the  top  and  convex 
at  the  bottom. 

CYMBAL,  a  musical  instrument  of  antiquity.  It  was  round, 
and  made  of  brass  like  our  kettledrums,  but  smaller,  and 
applied  to  a  dillereiit  use. 

CYNARA,  the  Artichoke,  a  genus  of  the  polygamia  a-qnalis 
order,  and  of  the  syngenesia  class  of  plants.  There  are  four 
species,  hut  only  two  are  cultivated  for  use.  The  garden  arti- 
clioke,  which  is  cither  the  conical  t,repri-lieade(l  French  arti- 
choke, or  the  };l()'i,ul;\r-headc(l  red  Dutch  artichoke;  and  the 
cardooii.  viliich  is  larger  than  the  (ireccding.  The  former  is 
propagated  by  slips  or  suckers,  and  the  latter  by  seed. 
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CYNICS,  a  sect  of  ancient  philosophers,  wlio  valued  them- 
selves upon  their  coiitenipt  of  riches  and  slate,  arts  and  sci- 
ences, and  every  thins,  in  short,  except  virtue  or  morality. 

CYNIPS,  a  genus  of  insects  of  ihe  order  of  hyniinoptcra,  of 
a  bright  brown  colour,  and  produced  in  the  hard  galls  under  the 
oak  leaves,  being  deposited  there  by  the  gall-(ly.  The  oak- 
bud  cynips  is  of  a  shining  green  colour,  and  there  are  nineteen 
species  of  this  insect. 

CYPEllUS,  a  genus  of  the  monogyuia  order,  in  the  tri- 
andria  class  of  plants,  ranking  in  the  natural  method  under 
the  3d  order,  calainaria;,  of  which  there  are  lifty-thrce  species, 
the  principal  of  which  are  the  round,  the  long  sweet  eyperus, 
and  the  papyrus.  The  long  eyperus  is  used  by  perfumers  and 
glovers.   Tlie  papyrus  is  celebrated  for  its  early  use  as  paper. 

CYPHER,  or  Cipher.  To  write  in  cypher  denotes  the  art 
of  communicating  by  writing  in  such  a  manner  as  shall  be 
legible  only  to  those  who  are  acquainted  with  the  rules  by 
■which  the  characters  made  use  of  are  formed  or  disposed.  It 
is  principally  used  in  diplomatic  correspondence,  or  on  other 
national  all'airs,  such  as  those  relating  to  the  operations  of  w  ar. 
As  the  nature  of  alphabetic  writing,  and  the  structure  of  lan- 
guages, necessarily  imply  certain  indispensable  habitudes  of 
the  letters  and  words,  it  often  happens  that  the  laws  or  condi- 
tions made  use  of  for  the  sake  of  secrecy  can  be  detected  by 
skilful  persons,  and  the  secret  by  that  means  discovered.  The 
art  of  discovering  the  sense  of  writings  of  the  description  here 
mentioned,  is  called  decyphering. 

CYPRyEA,  or  Cowrii-.,  a  genus  of  insects  of  the  order  of 
vermes  testaeea;.  It  is  of  the  snail  kind  ;  and  there  are  forty- 
four  species,  distinguished  by  the  form  of  their  shells,  which 
are  used  as  money  in  Bengal  and  on  the  coast  of  Guinea. 

CYPRESS.     See  Cupressus. 

CYPRINUS,  a  genus  of  fishes  of  the  order  of  abdominales,  of 


which  there  are  thirty-one  species,  as,  1.  The  carp,  found  in 
the  rivers  and  lakes  of  Polish  Prussia,  &.c.  Carp  is  a  lon;;- 
livcd  fish,  and  instances  are  related  of  some  that  have  attained 
the  age  of  100  years.  The  carp  is  very  cunning,  and  on  that 
account  is  called  the  river  fox.  It  is  very  shy  in  taking  a  bait, 
but  in  spawning  time  it  is  easily  caught.  In  Prussia,  carp  arc 
often  kept  some  time  out  "f  water,  and  grow  fat  in  their  new 
element.  They  are  suspended  in  a  net  in  a  cellar,  and  plunged 
in  water  every  four  or  six  hours.  '2.  The  barbel,  a  coarse  lish, 
v. hose  roe  is  so  noxious  as  to  produce  vomiting,  purging,  and  a 
swelling  in  those  who  unwarily  cat  of  it.  The  barbel  is  about 
three  feet  long,  and  the  dorsal  fin  is  armed  with  a  strong  s|  jnc, 
with  which  it  inflicts  a  dangerous  wound.  3.  The  tench, 
reckoned  a  delicious  food  in  this  country,  weighs  generally  4 
or  5lbs.  and  is  thick  and  short.  The  colour  of  the  back  is 
dusky,  but  the  head,  sides,  and  belly  are  greenish  with  a  mix- 
ture of  gold.  4.  The  gudgeon,  found  in  gentle  streams,  seldom 
weighs  more  than  half  a  pound.  5.  The  bream,  which  inhabits 
lakes  or  the  deep  parts  of  still  rivers,  is  an  insipid  fish.  G.  The 
roach  is  a  common  river  fish,  never  exceeding  five  pounds.  7. 
The  dace,  also  common,  and  a  great  breeder,  is  often  seen  in  the 
summer  frolicking  on  the  water.  The  general  weight  is  less 
than  2lbs.  8.  The  ccphalus  or  chub,  is  a  coarse  bony  fish,  that 
frequents  the  deep  boles  of  rivers,  y.  The  bleak,  is  eoniinon  in 
many  rivers.  At  some  seasons  they  are  so  much  agitated  as  to 
be  called  mad-bleak  by  the  fishermen.  It  is  supposed  that  this 
is  occasioned  by  a  hair-worm,  which  attacks  them,  and  of 
which  they  die.  Artificial  pearls  arc  made  of  the  scales  of  this 
fish,  and  also  of  those  of  the  dace.  The  usual  lenu'lli  of  the 
bleak  is  two  inches.  10.  The  gold  fish,  a  small  beautiful  spe- 
cies, domesticated  in  China,  and  much  valued  as  au  ornament 
for  courts  and  gardens.  The  gold  and  silver  fish  were  intro- 
duced into  England  generally  in  1723. 
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xJi  the  fourth  Letter  of  the  Alphabet,  and  as  a  numeral 
denoting  .500,  with  a  dash  over  it,  J)  5000.  In  abbreviation  it 
has  various  significations,  as  D.  D.  doctor  in  divinity  ;  M.  D. 
doctor  in  medicine.  In  Music,  Y>  marks  in  thorough  bass 
what  the  Italians  call  descanto,  denoting  that  the  treble  ought 
to  play  alone,  as  T  does  the  tenor,  and  B  the  bass.  D  C  means 
the  alibreviation  of  de  capo,  or  from  the  head. 

DAEMON,  a  name  given  to  certain  spirits,  or  genii,  which, 
it  is  said,  ap|icared  to  men. 

DAIRY,  in  rural  aHairs,  a  place  appointed  for  the  manage- 
ment of  milk,  and  the  making  of  butter,  cheese,  &c.  Dairy- 
houses  are  to  be  kept  perfectly  clean  ;  and  lattices  are  to  be 
preferred  to  windows;  and  if  their  situation  can  be  fixed 
beside  a  spring  or  current  of  water,  it  is  to  be  preferred.  The 
proper  recM'ptaclos  for  milk  are  earthen  pans,  or  wooden  vats, 
and  lead  shoidd  not  be  used  on  any  account,  as  it  is  highly 
poisonous,  uidess  Ihe  greatest  care  be  used  to  scald  it  daily. 

DAMAGE,  in  Law,  is  generally  understood  of  a  hurt  or 
hinderance  attending  a  person's  estate  ;  but  in  Common  Law,  it 
is  a  part  of  what  the  jury  are  to  inquire  into,  relative  to  the 
plaintill  or  defendant. 

J)\T\i\(;v.  fiiisnnt,  is  where  the  beasts  of  another  come  upon  a 
man's  land  and  spoil  his  corn  or  grass,  in  which  case  the  owner 
may  impound  them  till  satisfaction  be  obtained. 

DAMASK,  a  sort  of  silken  stulf,  both  in  warp  and  woof;  or 
with  the  warp  silk,  and  the  woof  thread  ;  or  all  thread,  or  all 
wool.  And  namaslicinin;!  is  the  art  of  beautifying  iron,  or 
steel,  by  iida>ing  it  with  gold  o.-  silver  wire,  as  in  sword 
blades,  guards,  and  gripes,  locks  of  pistols,  &e.  Were  the 
artists  of  IJrilain  to  turn  their  attention  to  tliis  subject,  they 
might  soon  rival  all  other  countries  in  the  world  in  damaskeen- 
ing steel. 

DAMPS,  noxious  exhalations  issuing  from  the  earth,  and 
which  almost  instantly  prove  fatal  to  those  who  breathe  thciu. 
23. 
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We  allude  here  chielly  to  cual  tnine  damps,  cr.llcd  clmke  am)  fire 
damps;  the  former  is  cni-4o»ic  nciV/ (7n.s.  gencrall»  prevalent  in 
wastes,  or  neglected  works;  the  latter  is  /ii/droi/en  yas,  or 
inllamniable  air.     See  Snfely  Lamp. 

D.\KK  Rays,  in  Philosophy,  are  certain  emanations  from 
the  sun,  that  have  been  recently  discovered,  which  arc  not  per- 
ceptible to  our  eyes,  and  are  only  manifested  by  their  eflects  on 
the  thermometer.  Thus  when  the  rays  of  the  sun  are  refracted 
by  a  glass  prism,  and  form  the  coloured  spectrum  upon  any 
surface,  a  thermometer  placed  beyond  the  spectrum  is  elevated 
by  the  heat  of  certain  rays,  or  emanations,  which  are  by  no 
means  visible ;  and  which  have  thence  been  denominated 
calorific  rays. 

DATA,  in  Mathematics,  denote  certain  qaantities  which  are 
given  or  knov\'n,  and  by  means  of  which  other  quantities,  which 
are  unknown,  are  to  be  determined.  Euclid,  in  bis  book  of 
"  Data,"  uses  this  term  to  denote  such  spaces,  lines,  angles, 
&c.  as  arc  given,  or  to  which  others  may  be  found  equal. 

D.\TE,  in  Law,  the  desr.ription  of  the  day,  month,  year  of 
our  Lord,  and  \ear  of  the  king  in  which  a  writing  is  made.  In 
writings  of  importance,  the  date  should  be  in  words  at  length. 
An  ante-diile  is  that  prior  to  the  real  time  when  the  instrument 
was  signed.  A  post-dale  is  that  which  is  posterior  to  the  real 
time. 

D.\Y,  in  Astronomy,  is  that  portion  of  time  which  elapses 
between  two  successive  transits  of  the  sun  over  the  same  meri- 
dian ;  and  Ihe  time  is  reckoned  from  noon  to  noon,  and  consists 
o-f  twenty-four  hours.  This  is  called  a  nalmnl  day,  being  of 
the  same  length  in  all  latitudes.  The  artificial  i\7i.y  is  the  time 
elapsed  between  the  sun's  rising  and  setting,  and  is  var-able 
according  to  the  dill'erent  latitudes  of  places. 

A  mean  Solar  Day  is  measured  by  equal  motion,  as  by  a 
clock  or  timepiece,  and  consists  of  twenty-four  hours.  There 
are,  in  the  course  of  a  year,  as  many  mean  solar  days  as  tlicro 
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are  tine  solar  days,  the  clock  beina;  as  nmoli  faster  than  the 
sun-dial  on  some  days  of  the  year,  as  the  sun-dial  is  faster  than 
the  clock  on  others.  Thus  tlie  clock  is  faster  tlian  the  sun-dial 
from  the  twenty-fourth  of  Decemhcr  to  the  fifteenth  of  April, 
and  from  the  sixteenth  of  June  to  the  thirty-first  of  August; 
but  from  the  fifteenth  of  April  to  the  sixteenth  of  June,  and 
from  the  thirty-first  of  August  to  the  twenty-fourth  of  Decem- 
ber, the  sun-dial  is  faster  than  the  clock.  When  the  clock  is 
faster  than  the  sun-dial,  the  true  solar  day  exceeds  twenty-four 
hours  ;  and  when  the  sun-dial  is  faster  than  the  clock,  the  true 
solar  day  is  less  than  twenty-four  hours  ;  but  when  the  clock 
and  the  sun-dial  agree,  viz.  about  the  fifteenth  of  April,  six- 
teenth of  June,  thirty-first  of  August,  and  twenty-fourth  of 
December,  the  true  solar  day  is  exactly  twenty-four  hours. 

Dai/s  of  the  Week. — These  are  Sunday,  Monday,  Tuesday, 
Wednesday,  Thursday,  Friday,  and  Saturday. 

T/ie  Nautical  Day  commences,  either  by  observation  or 
accountj  when  the  sun  is  on  the  meridian,  which  is  generally  sup- 
posed to  be  our  12  o'clock  at  noon  on  shore.  At  that  moment, 
the  officer  of  the  watch,  or  more  commonly  the  master  of  the 
ship,  orders  the  marine  sentinel  to  turn  a  half-hour  sand  glass, 
which  he  has  always  in  charge,  which  has  been  previously  run 
out,  and  strike  eight  hells  forward ;  which  is  accordingly  done, 
and  Che  dinner  is  piped.  No  sooner  is  this  glass  run  out,  than 
the  sentinel  calls,  "  Strike  the  bell  one,  forward  ;"  and  again 
turns  it,  when  the  grog  is  immediately  piped.  When  it  runs 
out  a  second  time,  he  again  calls,  "  Strike  the  bell  two,  for- 
ward ;"  which  is  no  soouer  done,  than  the  boatswain's  mate 
calls  the  afternoon  watch.  Thus  he  proceeds  until  he  comes 
to  the  ('i^/i(/i  bell,  which  is  no  sooner  struck,  than  the  watch 
expires,  and  the  grog  is  again  piped.  Previous  to  this,  how- 
ever, in  order  to  relieve  the  quartermaster,  the  helmsman,  tlie 
look-out  at  the  mast  head,  and  the  sentinel  at  the  glass,  an 
individual  of  each  of  these  classes  of  the  watch  below,  goes, 
when  the  seventh  bell  is  struck,  to  the  purser's  steward,  gels 
his  quartern  of  grog  unmixed,  takes  his  supper,  and  is  ready, 
as  soon  as  the  8th  strikes,  to  relieve  his  man  with  the  rest  of 
the  watch.  All  hands  now  take  supper;  and  when  one  bell 
again  strikes,  the  first  dog  watch  is  called.  This  is  only  a 
watch  of  two  hours  ;  and  accordingly  when  the  4th  bell  has 
struck,  the  second  dog  iv/itch  is  called,  which  lasts  other  two 
hours,  and  brings  the  supposed  time  pretty  accurately  to  our 
eight  o'clock  at  night.  By  this  time,  however,  the  hammocks 
having  been  piped  down,  the  watch  relieved  generally  retires 
to  rest.  The  watch  on  deck,  therefore,  execute  all  the  neces- 
sary duties  of  the  ship  uutil  their  81h  bell  is  struck;  when  the 
middle  icatch  is  called  ;  and  these  again  are  relieved  in  the  same 
time  by  the  morning  watch,  who  do  the  ship's  duty  during  other 
eight  bells,  which  brings  the  time  to  our  eight  p'clock  in  the 
morning,  when  breakfast  is  always  piped.  As  usual  at  one 
hell,  the  forenoon  watch  is  called,  who  do  the  duties  of  the  deck 
while  the  watch  below  are  fumigating  or  scrubbing  the  lower 
deck,  or  probably  mending  their  clothes  ;  and  th.us  they  con- 
tinue until  the  observation  of  the  sun  at  noon  is  again  taken,  if 
the  weather  is  favourable,  and  any  necessary  correction  made 
on  the  tiiue  lost  or  gained.  When  the  eighth  bell  is  once  more 
struck,  the  day  at  sea  is  completed,  the  glass  is  turned  to  com- 
mence a  new  one,  the  dinner  is  piped,  and  the  watch  called  as 
before. 

Days  of  Grace,  in  Commerce,  are  those  allowed  for  the  pay- 
ment of  a  bill  of  exchange  after  the  sum  becomes  due.  In 
England  they  are  three. 

DAY'S  WORK,  the  reckoning  or  account  of  a  ship's  course 
or  distance  run  during  '24  hours,  or  from  noon  to  noon,  accord- 
ing to  the  rules  of  TRiuoNOMiiTKY. 

DAVIT,  a  strong  beam  of  timber  used  as  a  crane,  whereby 
to  hoist  the  llukes  of  the  anchor  to  the  top  of  the  bow,  without 
injuring  the  planks  of  the  ship's  side  as  it  ascends;  an  opera- 
tion which,  by  seamen,  is  called  fishing  the  anchor  ;  the  lower 
end  of  the  davit  rests  on  the  fore  chains,  the  upper  end  being 
properly  secured  by  a  tackle  from  the  mast  head  ;  upon  the 
other  end  is  hung  a  large  block,  through  which  a  strong  rope  is 
reeved,  called  the  fish-pendant,  to  whose  outer  end  is  fitted  a 
large  hook,  and  to  its  inner  end  a  tackle  ;  the  former  is  called 
the  fish-hook,  the  latter  the  fish-tackle.  The  anchor  being  first 
catted,  the  fish-hook  is  fastened  on  its  flukes,  and  is,  by  means 


of  the  fish-pendant  and  tackle,  drawn  up  sufficiently  high  upon 
the  bow  to  be  made  fall  I'V  the  shank-painter.  Thus  the  davit, 
according  to  the  sea  phrase,  is  employed  to  fish  the  anchor. 
There  is  also  a  davit  of  a  smaller  kind,  occasionally  fixed  in 
the  longboat,  and,  with  the  assistance  of  a  small  uindlass,  used 
to  weigh  the  anchor  by  the  buoy-rope,  &c. 

DEACON,  one  of  the  three  holy  orders  of  the  church,  being 
that  next  below  the  priesthood. 

DEAD  EYE,  or  Di;ad  Man's  Eye,  a  sort  of  round  flattish 
wooden  block  encircled  with  a  rope,  or  with  an  iron  band,  and 
pierced  with  three  holes  through  the  flat  part,  in  order  to 
receive  a  rope  called  the  laniard,  which  corresponding  with 
three  holes  in  another  dead  eye,  creates  a  purchase  employed 
for  various  uses,  but  chielly  to  extend  the  shrouds  and  stays, 
otherwise  called  the  standing  rigging.  In  order  to  form  this 
purchase,  one  of  the  dead  eyes  is  fastened  in  the  upper  link  of 
each  chain  on  the  ship's  side,  which  is  made  round  to  receive 
and  encompass  the  hollowed  outer  edge  of  the  dead  eye.  After 
this  the  laniard  is  passed  ultimately  through  the  holes  in  the 
upper  and  lower  dead  eyes,  till  it  becomes  sixfold,  and  is  then 
drawn  tight  by  the  application  of  mechanical  powers.  In  mer- 
chant ships  they  are  generally  fitted  with  iron  plates,  in  the 
room  of  chains.  The  dead  eyes  used  for  the  stays  have  only 
one  hole,  which,  however,  is  large  enough  to  receive  ten  or 
twelve  turns  of  the  laniard  ;  these  are  generally  termed  Hearts. 
The  crowfeet  Dead  Eyes,  are  long  cylindrical  blocks,  with  a 
number  of  smr»ll  holes  in  them,  to  receive  the  legs,  or  lines,  of 
which  the  crow  foot  is  composed. 

DEAD  LIGHTS,  strong  woode.n  ports  made  exactly  to  fit 
the  cabin  windows,  in  which  they  are  fixed  on  the  approach  of 
a  storm,  the  glass  frames  being  taking  out,  which  would  other- 
wise be  shattered  by  the  violence  of  the  waves,  and  let  great 
quantities  of  the  water  pour  into  the  ship. 

DEAD  RECKONING,  the  judgment  or  estimation  which  is 
made  of  the  place  where  a  ship  is  situated,  without  any  obser- 
vation of  the  heavenly  bodies  ;  it  is  discovered  by  keeping  an 
account  of  the  distance  she  has  run  by  the  log,  and  of  her 
course  steered  by  the  compass,  and  by  rectifying  these  data  by 
the  usual  allowances  for  drift,  leeway.  Sec.  according  to  the 
ship's  known  trim;  this  reckoning  is,  however,  always  to  be 
corrected  as  often  as  any  good  observation  of  the  sun  can  be 
obtained. 

DEAD  RISING,  or  Rising  Line  of  the  floor,  those  parts  of 
a  ship's  floor  or  bottom  throughout  her  whole  length,  where  the 
floor  limber  is  terminated  on  the  lower  futtock. 

DEAD  ROPES,  are  those  which  do  not  run  in  any  block. 

DEAD  WATER,  the  eddy  of  water  which  appears  like  little 
whirlpools  closing  in  with  the  ship's  stern  as  she  sails  through  it. 

DEAD  WOOD,  in  "Naval  Architecture,  certain  blocks  of 
timber  laid  upon  the  keel,  particularly  at  the  extremities  afore 
and  abaft,  where  these  pieces  are  placed  upon  each  other  to  a 
considerable  height,  because  the  ship  is  there  so  narrow  as  not 
to  admit  of  the  two  half  timbers,  which  are  therefore  scored 
into  this  dead  wood,  when  the  angle  of  the  floor  timbers 
gradually  diminishes  as  approaching  the  stem  and  stern 
post.  In  the  fore  part  of  the  ship,  the  dead  wood  generally 
extends  from  the  stemson,  upon  which  it  is  scarfed,  to  the  loof 
frame  ;  and  in  the  after  end  from  the  stcrnpost,  where  it  is  COD- 
fined  by  the  knee  to  the  after  balance-frame.  It  is  connected 
to  the  keel  by  strong  spike  nails.  The  dead  wood  afore  and 
abaft  is  equal  in  depth  to  two-thirds  of  the  depth  of  the  keel, 
and  as  broad  as  can  be  procured,  so  as  not  to  exceed  the 
breadth  of  the  keel. 

DEAD  WORKS,  all  that  part  of  the  ship  which  is  above 
water  when  she  is  laden.     The  same  as  Upplr  Wokk. 

DEAFNESS,  the  want  of  the  sense  of  hearing,  arising  cither 
from  an  obstruction  or  a  compression  of  the  auditory  nerves, 
or  from  some  collection  of  matter  in  the  cavities  of  the  inner 
ear,  or  from  the  auditory  passage  being  stopped  by  some 
hardened  excrement  ;  or,  lastly,  from  some  excrescence,  a 
swelling  of  the  glands,  or  some  foreign  body  introduced  within 
the  ears.     Persons  born  deaf  are  also  dumb. 

DEAL,  a  plank  of  fir,  made  by  sawing  the  trunk  of  the  tree 
lonsitudinally.  Deals  are  hardened  by  throwing  them  into 
salt  water  as  soon  as  they  are  sawed,  and  keeping  them  therein 
some  days,  and  then  drying  them  in  the  sun. 
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DEAN,  an  ecclesiastical  di^initary  next  to  tlie  bishop,  and 
fiead  of  tlie  cliapter  in  a  catliedral  church.  TIktc  arc  deans 
also  who  have  no  chapters,  as  the  dean  of  Battle,  the  dean  of 
IJockinR,  &c.  Rural  deans  have  no  judicial  authoiit\ ,  but  a 
right  of  visitinp  churches  wilhin  their  district,  and  reporting 
the  condition  of  the  same  to  the  ordinary. 

Dean  and  Chajiter,  are  the  bishop's  council  to  assist  Iiim  iu 
the  affairs  of  religion,  and  to  assent  to  every  grant  which  the 
bishop  shall  make  to  bind  his  successors.  As  a  dcaiicrv  is  a 
spiritual  dignity,  hence  a  man  cannot  be  a  dean  and  preben- 
dary of  the  same  church. 

liHATH,  physically,  the  extinction  of  animal  life.  In  Law, 
there  is  a  natural  deaili  and  a  civil  death  ;  the  former  where  a 
person  actually  dies,  the  latter  where  he  is  adjudged  to  be  so 
in  law.  Thus  if  a  person,  for  v»hose  life  an  estate  is  granted, 
is  absent  seven  years,  and  there  is  no  proof  of  his  being  living, 
he  shall  be  accounted  as  dead. 

DEATH-WATCH,  a  small  insect  whirh  makes  a  ticking 
noise  like  the  beating  of  a  watch.  Tlierc  are  two  species,  one 
of  a  dark  brown  colour,  spotted,  having  pellucid  wings  under 
the  vagina,  a  cap  on  the  head,  and  two  antennas  proceeding 
from  beneath  the  eyes.  The  noise  wbicli  it  makes  is  a  signal 
between  the  male  and  female.  The  second  kind  is  a  small 
fiayish  insect,  much  like  a  louse  when  viewed  with  the  naked, 
unassisted  eye. 

DEBENTURE,  a  Custom-house  certificate  delivered  to  the 
exporter  of  goods,  by  virtue  of  which  he  is  entitled  to  a  bounty 
or  drawback. 

DEBT,  National,  the  engagement  entered  into  by  a  govern- 
ment, to  repay  at  a  future  period  money  advanced  by  indi- 
viduals for  the  public  service,  or  to  pay  the  lenders  an  equi- 
valent annuity.  National  debts  have  arisen  from  the  necessity 
of  obtaining  larger  sums  of  money  than  could  be  raised  at  the 
time  they  were  wanted  by  direct  contributions ;  and  often, 
when  it  would  have  been  absolutely  impossible  to  raise  the 
requisite  sura  if  a  heavy  tax  bad  been  imposed,  and  strictly 
levied,  it  has  been  deemed  more  prudent  to  avoid  the  evils 
attendant  on  such  a  measure  by  the  less  obnoxious  expedient 
of  a  loan.  In  most  countries,  the  subordinate  governors,  to 
whom  is  generally  consigned  the  task  of  providing  for  the 
public  expenses,  being  desirous  of  popularity,  have  shewn  a 
great  predilection  for  this  mode  of  obtaining  money,  as  it 
enables  them  to  support  a  profuse  expenditure,  without  ap- 
pearing to  oppress  the  people  in  so  great  a  degree  as  tliey 
otherwise  must:  the  system  of  getting  into  debt,  or  the  fund- 
ing system,  as  it  is  generally  called,  from  particular  funds 
being  usually  appropriated  for  payment  of  interest  on  the  debts 
contracted,  has  therefore  been  adopted  by  most  of  the  states 
of  Europe,  by  many  of  the  colonies,  and  by  the  American 
republics. — Wa tkins'  Ct/cloptrdia. 

DECACHORDON,  amusical  instrument  like  the  harp  with 
ten  strings,  called  by  the  Hebrews  nasur. 

DEC.XGON,  a  plane  geometrical  figure,  of  ten  sides  and 
ten  angles.  When  all  the  sides  and  angles  are  equal,  it  is  a 
regular  decagon,  and  may  be  inscribed  in  a  circle;  otherwise 
not.  If  the  radius  of  a  circle,  or  the  side  of  the  inscribed  hexa- 
gon, be  divided  in  extreme  and  mean  proportion,  the  greater 
scgmeni  will  be  the  side  of  a  decagon  inscribed  in  the  same 
circle.  And,  therefore,  as  the  side  of  the  decagon  is  to  the 
radius,  so  is  the  radius  to  the  sum  of  the  two. 

DECEMBER,  The  Botanical  Kai.kndak  roit,  instructs  us 
that  the  gardener's  operations  are  chiclly  of  the  laborious  kind  ; 
but  long  nights  and  shortdays  give  him  ample  leisure  for  study, 
unless  he  be  of  the  slovenly  tribe  of  gardeners,  whose  minds 
resemble  their  gardens,  and  arc  known  rather  by  the  excel- 
lence and  growth  of  the  weeds,  than  by  order,  regularity,  pro- 
gress, and  scientilie  reputation. 

In  the  Kitr/irii  fimtlrti,  this  month  sow  peas,  beans,  and 
radishes;  but  consider  the  result  uncertain.  Protect  beans, 
transplant  cabbages  ;  earth  up  peas  and  beans  ;  cover  their 
stems  with  ashes,  sawdust,  or  old  tan.  Tie  up  endive  ;  weed 
and  hoe  ;  tie  up  esculents,  as  borecoles;  destroy  slugs,  snails, 
mice  ;  and  (ill  the  ice-house. 

In  the  hurdif  Fruit  Department,  we  plant  the  apple,  pear, 
poosebrrry.  currant,  &c.  in  miUl  weather  ;  and  all  trees  not 
pruiitd  in  November  are  now  to  be  pruned.     In  the  routine  of 


culture,  trench,  dig,  and  ridge  up  in  dry  weather.  Exhausted 
soils  must  now  be  recruited  ;  larva;  of  moths  must  be  dcstrA)  ed  ; 
and  the  temperature  of  the  fruit  oellara  must  be  kept  from  StJ" 
to  40°. 

In  the  culinary  Hot-house  Department,  sow  small  salladii, 
give  abundance  of  air  in  dry  weather,  but  protect  in  frosts. 
Begin  to  force  asparagus,  prepare  encumber  beds ;  Weep  a 
steady  heat  in  the  pinery;  and  let  the  forcing  houses  be 
regularly  attended  to. 

Little  is  done  in  the  flow  er  department  this  month,  except  in 
a  liberal  use  of  ashes,  tan.  itc.  to  bulbs,  hydrangeas,  iic. 
Attend  to  alpines,  florists'  flowers,  annuals,  S^c.  In  the  green- 
house the  lowest  temperature  must  be  4'i°,  the  highest  46°. 
The  dry  stove  may  average  from  45°  to  60".  But  the  back 
stove  must  average  from  55°  to  58°. 

In  the  Pleasure  Ground  and  Shrubbery,  plant,  prune,  protect 
according  to  the  weather  ;  repair  walks,  roll  them  ;  sweep  and 
clean  lawns,  lay  down  turf;  and  fell  all  trees  that  are  to  be 
removed  as  useless,  or  for  their  timber  and  bark. 

DECEMVIRI,  ten  magistrates  chosen  yearly  at  Rome  to 
govern  the  commonwealth  instead  of  consuls. 

DECIDUOLTS,  in  Botany,  a  term  expressive  of  the  second 
stage  of  duration  in  plants,  but  susceptible  of  dirterent  senses, 
according  to  the  particular  part  of  the  plant  to  «liich  it  is 
applied.  A  leaf  is  said  to  be  deciduous  which  drops  in  autumn ; 
petals  are  deciduous  which  fall  oil' with  the  stamina  and  pislil- 
lum;  and  this  epithet  is  applied  to  such  flower-cups  as  fall 
after  the  expansion,  and  before  the  dropping  of  the  flower. 

Most  plants  in  cold  and  temperate  climates  shed  their  leaves 
yearly.  This  happens  in  autumn,  and  is  generally  announced 
by  the  flowering  of  the  common  meadow  safl'ron.  The  term  is 
only  applied  to  trees  and  shrubs  ;  for  herbs  perish  down  to  the 
root  every  year,  losing  stem,  leaves,  and  all.  All  plants  de 
not  drop  their  leaves  at  the  san)e  time.  Among  large  trees, 
the  ash  and  walnut,  although  latest  in  unfolding,  are  soonest 
divested  of  them  :  the  latter  seldom  carries  its  leaves  above 
live  mouths.  On  the  oak  and  horn-beam  the  leaves  die  and 
wither  as  soon  as  the  cold  conunences  ;  but  remain  attached  to 
the  branches  till  they  are  pushed  olf  by  the  new  ones,  which 
unfold  themselves  the  following  spring.  "These  trees  are  doubt- 
less a  kind  of  evergreens ;  the  leaves  are  probably  destroyed 
only  by  cold  ;  and,  perhaps,  would  continue  longer  upon  the 
plant,  but  for  the  force  of  the  spring-sap,  joined  to  the  moisture. 

With  respect  to  the  deciduous  trees,  the  falling  oflT  of  the 
leaves  seems  principally  to  depend  on  the  temperature  of  the 
atmosphere,  which  likewise  serves  to  hasten  or  retard  the 
appearance  in  question.  An  ardent  sun  contributes  to  hasten 
the  dropping  of  the  leaves.  Hence,  in  hot  and  dry  summers, 
the  leaves  of  the  lime-tree  and  liorse-ehesnut  turn  yellow  about 
the  1st  of  September ;  whilst,  in  other  years,  the  yellowness 
does  not  appear  till  the  beginning  of  October.  Nothing,  how- 
ever, contributes  more  to  hasten  the  fall  of  the  leaves  than  im- 
nioderate  cold  or  moist  weather  in  autumn  ;  moderate  droughts, 
on  the  other  hand,  serve  to  retard  it.  It  deserves  to  be  re- 
marked, that  an  evergreen  tree  grafted  upon  a  deciduous, 
determines  the  latter  to  retain  its  leaves.  This  observation  u 
confirmed  by  repeated  experiments,  particularly  by  graflin)^ 
the  laurel,  or  cherry-bay,  an  evergreen,  on  the  common 
cherry ;  and  the  ilex,  or  evergreen  oak,  on  the  oak. — Watkins' 
Cycloprrdia 

'  DECIES  TANTUM.  in  Law,  a  writ  that  lies  against  a  juror, 
who  has  been  bribed  to  give  his  verdict. 

DECIMAL,  Arithmetic,  (Decimal  Tenths,)  in  a  general 
sense,  denotes  the  common  arithmetic,  in  which  wc  count  by 
periods  of  tens  ;  and  is  otherwise,  and  more  properly,  called 
Denary  Arithmetic,  to  distinguish  it  from  the  Binary,  Dwide- 
nary,  and  other  scales  of  arithmetic. 

Decimal  Fraction,  is  a  fraction  having  always  some  power 
of  lOforits  denominator,  which  consists  of  either  10,  IfKI,  I00<), 
&c.  denoting  the  number  of  equal  parts  into  which  the  integer 
or  whole  is  supposed  to  be  divided,  as  I,,  ij,,  -ufa-  *'*'•  l^"'-  f'" 
the  sake  of  brevity,  the  numerator  only  is  expressed,  like  a 
whole  number  with  a  point  on  the  left  of  it,  as  "2,  -oa,  IXtS,  &o 
and  which  must  always  consist  of  as  many  figures  as  there  art 
ciphers  in  the  denominator;  the  places  between  the  significant 
figures  and  the  point  being  supplied  with  ciphers,  when  aeces- 
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sary,  as  above.  Consequently,  the  same  number  of  fifcures  on 
the  riijht  of  the  decimal  point,  has  always  the  same  denomina- 
tor. Thus,  the  denominator  of  the  fractions  -5000,  -OT-IC,  -OUOo, 
is  10000.  And  hence,  it  appears,  that  the  value  of  a  decimal 
fraction  is  not  altered  by  ciphers  on  the  right  hand  ;  for  -5000 
(or  -^SSa)  when  reduced  to  its  lowest  terms  is  the  same  as  -5, 
each  being  equal  to  J.  In  mixed  numbers  the  decimals  are 
separated  from  the  integers  by  a  point,  thus,  2.'>^  is  written 
25  02.  It  is  also  evident,  tliat  the  value  of  decimals  decreases 
in  the  same  tenfold  proportion  from  the  point  towards  the 
right  hand,  as  that  of  integers  increases  towards  the  left. 

DECKER,  relates  to  the  rate  of  a  ship  of  force,  as  a  two- 
decker,  a  three-decker,  i.  e.  carrying  two  entire  tiers  or  ranges 
of  cannon,  or  three  such  tiers. 

DECKS,  the  plauked  floors  of  a  ship,  which  connect  the  sides 
together,  and  serve  as  dillerent  platforms  to  support  the  artil- 
lery and  lodge  the  men,  as  also  to  preserve  the  cargo  from  the 
sea  and  rain.  As  all  ships  are  broader  at  the  lower  deck 
than  on  the  next  above  it,  and  as  the  eannop  thereof  are  always 
heaviest,  it  is  necessary  that  the  frame  of  it  should  be  much 
stronger  than  that  of  the  others  ;  and  for  the  same  reason,  the 
second  or  middle  deck  ought  to  be  stronger  than  the  upper 
deck  or  forecastle. 

Ships  of  tiie  first  and  second  rale  are  furnished  with  three 
whole  decks,  reaching  from  the  stem  to  the  stern,  besides  a 
forecastle  and  a  quarter  deck,  the  former  extending  aft  from 
the  stem  to  the  belfry,  and  the  latter  forward  from  the  stern  to 
the  mainmast,  a  vacancy  being  left  in  the  middle,  which  opens 
to  the  upper  deck,  and  forms  .ihat  is  called  the  waist;  there 
is  yet  ai'.otlier  deck  above  the  hinder  part  of  the  quarter  deck 
called  the  poop,  which  also  serves  as  a  roof  for  the  captain's 
cabin  or  conch  ;  and  another  deck  below  the  loner  gun-deck 
called  the  orlop,  whereon  the  cables  are  coiled  and  the  sails 
stowed,  &,c.  Other  ships  of  the  line,  with  30-gun  sliips,  and 
some  of  40  guns,  have  two  gun-decks  and  a  quarter  deck,  a 
forecastle,  a  poop,  and  orlop.  Frigates  and  sloops  have  one 
gun-deck,  a  half  deck,  and  forecastle,  with  a  spar  deck  below 
to  lodge  the  crew,  but  no  poop;  brigs,  cutters,  and  such  small 
vessels,  have  no  half  deck  or  forecastle,  and  are  then  said  to 
be  flush  fore  and  aft;  the  decks  are  formed  of,  and  sustained 
by,  the  beams,  the  clamps,  or  water-ways,  the  carlings,  tiie 
ledges,  the  knees,  and  two  rows  of  small  pillars  called  stan- 
chions, Sec.  See  those  articles.  The  number  of  beams  by  which 
the  decks  of  ships  are  supported,  is  often  very  dillerent,  accord- 
ing to  the  practice  of  diflerent  countries  ;  the  strength  of  the 
timber  of  which  the  beams  are  framed,  and  the  services  for 
which  the  ships  are  calculated.  The  deck  which  contains  the 
train  of  a  fire-ship  is  furnished  with  an  equipage  peculiar  to 
itself,  a  description  of  which  will  be  found  under  the  article 
Fire-Ship.  Flush  deck,  or  dock  flush  fore  and  aft,  implies  a 
continued  floor  laid  from  stem  to  stem,  upon  one  line,  without 
any  stops  or  intervals.  Half  deck,  the  under  part  of  the  quar- 
ter deck  of  a  ship  of  war,  contained  between  the  foremost 
bulk  head  of  the  cabin  or  wardroom,  and  the  break  of  the  quar- 
ter deck.  In  the  colliers  of  Norlhumbcrland,  the  steerage 
itself  is  called  the  half  deck,  and  is  usually  the  habitation  of 
tiie  ship's  crew.  The  main  deck  is  that  part  of  the  upper  deck 
which  extends  from  the  break  of  the  forecastle  to  the  break  of 
the  quarter-deck  ;  also  called  the  waist. 

DECLARATION,  in  Law,  a  written  exposition  of  the  matter 
of  complaint,  made  by  the  plaintilf  against  the  defendant. 

DECLINATION  of  the  Sun,  of  a  Star,  or  a  Planet,  is  its 
distance  from  the  equinoctial,  northward  or  southward.  AVhen 
the  sun  is  in  the  equinoctial,  he  has  no  declination,  and  enlight- 
ens half  the  globe  from  pole  to  pole.  As  he  increases  in  north 
declination  he  gradually  shines  farther  over  the  north  pole, 
and  leaves  the  south  pole  in  darkness;  in  a  similar  manner, 
when  he  has  south  declination  he  shines  over  the  south  pole, 
and  leaves  the  north  pole  in  darkness:  -2:3°  28'  is  the  sun's 
nearest  declination  north  or  south.  The  declination  of  any 
heavenly  body,  as  of  a  star,  may  be  easily  found  by  the  follow- 
ing rule:  Take  the  meridian  altitude  of  the  star,  at  any  place 
where  the  latitude  is  known  ;  the  complement  of  this  is  the 
zenith  distance,  and  is  called  nmth  or  south,  as  the  star  is  north 
or  south  at  the  time  of  observation.  Then,  I.  When  the  lati- 
tude of  the  place,  and  zenith  distance  of  the  star,  are  of  dill'er- 


ent  kinds,  namely,  one  north  and  the  other  south,  their  differ- 
ence will  be  the  declination  ;  and  it  is  of  the  same  kind  with 
the  latitude,  when  that  is  the  greatest  of  the  two,  otherwise  it 
is  of  the  contrary  kind.  2.  If  the  latitude  and  the  zenith  dis- 
tance are  of  the  same  kind,  i.e.  both  north,  or  both  south,  their 
sum  is  the  declination;  and  it  is  of  the  same  kind  with  the 
latitude.  Accurate  tables  of  the  sun's  declination  are  published 
regularly  in  the  nautical  almanacks. 

Circles  of  DECLINATION,  are  great  circles  of  the  sphere 
passing  through  the  poles  of  the  world,  on  which  the  declinatiuu 
is  measured. 

Parallels  of  DECLINATION,  are  small  circles  of  the  sphere 
parallel  to  the  equator. 

Parallax,  or  liefraction  o{  T)ECLIS\TW\,  is  such  an  arch  of 
a  meridian  as  is  equal  to  the  change  produced  in  the  declina- 
tion by  parallax  or  refraction,  respectively. 

Declination  of  a  Vertical  Plane  or  iVall,  in  Dialing,  is  an 
arch  of  the  horizon,  cornprehended  either  between  the  plane 
and  the  prime  vertical,  when  it  is  counted  from  east  to  west,  or 
between  the  plane  and  the  meridian,  when  it  is  counted  from 
north  to  south. 

DECLINATOR,  an  instrument  for  determining  tiie  declina- 
tion or  inclination  of  reclining  planes. 

DECLINERS,  or  Declim.vg  Dials,  are  those  which  cut 
either  the  plane  of  the  prime  vertical  circle,  or  plane  of  the 
horizon,  obliquely. 

DEl^LIVITY,  a  sloping  or  oblique  descent. 

DECOCTION,  in  Pharmacy,  the  extracting  of  the  virtues  of 
simples  and  other  drugs  by  boiling. 

DECOMPOSITION,  in  Chemistry,  the  separatioti  or  dis- 
union of  the  constituent  parts  of  bodies. 

DECORATION,  in  Architecture,  any  thing  that  adorns  and 
enriches  a  building,  church,  triumphal  arch,  Sic.  as  the  orders 
of  architecture,  paintings,  vases,  festoons,  scenes,  &c. 

DECOUPLE,  in  Heraldry,  the  same  as  uncoupled,  or  parted. 

DECOY,  among  fowlers,  a  place  made  for  catching  wild- 
fowl. A  decoy  is  generally  made  where  there  is  a  large  pond 
surrounded  with  wood,  and  beyond  that  a  marshy  and  uncul- 
tivated country:  if  the  piece  of  water  is  not  thus  surrounded, 
it  will  be  attended  with  noises  and  other  accidents  which  may 
be  expected  to  frighten  the  wild-fowl  fromacjuiet  haunt,  wlieie 
they  mean  to  sleep  in  the  day-time  in  security.  If  these  noises 
or  disturbances  are  wilful,  it  has  been  held  that  an  action  will 
lie  against  the  disturber.  As  soon  as  the  evening  sets  in,  tho 
decoy  rises,  and  the  wild-fowl  feed  during  the  night.  If  the 
evening  is  still,  the  noise  of  their  wings  during  their  flight  is 
heard  at  a  very  great  distance,  and  is  a  pleasing,  though  rather 
melancholy,  sound. 

The  decoy  ducks  arc  fed  with  hemp-seed,  which  is  thrown 
over  the  screens  in  small  quantities,  to  bring  them  forwards 
into  the  pipes  or  canals,  and  to  allure  the  wild-fowl  to  follow, 
as  this  seed  is  so  light  as  to  float.  There  are  several  pipes,  as 
they  are  called,  which  lead  up  a  narrow  ditch  that  closes  at 
last  with  a  funnel-net  Over  these  pipes  (which  grow  narrower 
from  their  first  entrance)  is  a  continued  arch  of  netting  sus- 
pended on  hoops.  It  is  necessary  to  have  a  pipe  or  ditch  for 
almost  every  wind  that  can  blow,  as  upon  this  circumstance  it 
depends  which  pipe  the  fowl  will  take  to;  and  the  decoy-man 
always  keeps  on  the  leeward  side  of  the  ducks,  to  prevent  his 
scent  reaching  their  sagacious  nostrils.  All  along  each  pipe,  at 
intervals,  are  placed  screens  made  of  reeds,  which  are  so  situ- 
ated that  it  is  impossible  the  wild-fowl  should  see  the  decoy- 
man  before  they  have  passed  on  towards  the  end  of  the  pipe, 
where  the  pursenet  is  placed.  The  inducement  to  wild-fowl 
to  go  up  one  of  these  pipes  is,  because  the  decoy  ducks,  trained 
to  this,  lead  the  way,  cither  after  hearing  the  whistle  of  the 
decoy-man,  or  enticed  by  the  hemp-seed  ;  th-e  latter  will  dive 
under  water,  whilst  the  wild-fowl  fly  on,  and  are  taken  in  the 
purse.  It  often  happens,  however,  that  the  wild-foul  arc  in 
such  a  state  of  sleepiness  and  dozing,  that  they  will  not  follow 
the  decoy  ducks.  Use  is  then  generally  made  of  a  dog  that  is 
taught  his  lesson:  he  passes  backwards  and  forwards  between 
the  reed  screens  (in  which  are  little  holes,  both  for  the  decoy- 
man  to  see,  and  the  little  dog  to  pass  through  ;)  this  attracts 
the  eye  of  the  wild-fowl,  who,  not  choosing  to  be  inlerrupied, 
advance  towards  the  small  and  contemptible  animal,  that  they 
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may  drive  hira  away.  The  dog  all  llie  lime,  by  tlie  direction  of 
the  decoy-man,  plays  among  tlie  screens  of  reeds,  nearer  and 
nearer  the  purse-net;  till  at  last,  perhaps,  the  decoy-man 
appears  behind  a  screen,  and  the  wild-foul  not  daring  to  pass 
by  liim  in  return,  nor  being  able  to  escape  upwards  on  account 
of  the  net-covering,  rush  on  into  the  purse-net.  Sometimes 
the  dog  will  not  attract  their  attention  if  a  red  handkerchief,  or 
something  very  singular,  is  not  put  about  him. — Watkiks' 
Cyclopirdia. 

DKCOY,  in  Military  affairs,  a  stratagem  to  carry  off  the 
enemy's  horses  in  a  foraging  party,  or  from  pasture.  The 
word  is  also  used  to  denote  a  stratagem  employed  by  a  small 
ship  of  war,  to  betray  a  vessel  of  the  enemy  within  reach. 

UECllKMENT,  in  Heraldry,  the  wane  of  tlie  moon  from  the 
full  to  the  n2W,  and  wlicn  borne  in  coat  armour,  faces  to  the 
left  side  of  the  escutcheon,  as  that  luminary  does  to  the  right 
side  when  in  the  increment. 

DECREPITATION,  in  Chemistry,  a  term  applied  to  the 
crackling  noise  of  salt;'  exposed  to  heat,  by  wliicli  they  are 
quickly  split.  It  takes  piaee  in  those  salts  that  have  little  water 
of  crystallization,  the  increased  temperature  converting  that 
small  quantity  into  vapour,  by  which  the  crystals  are  suddenly 
burst.  Common  salt  affords  a  good  example  of  decrepitation, 
and  when  used  as  a  flux  should  be  previously  decrepitated. 

DEDIMUS  PoTi;sTAri;M,  in  Law,  a  comniission  granted  to 
one  or  more  persons,  to  forward  and  despatch  some  act  apper- 
tains to  a  judge,  or  some  court. 

DEED,  a  written  contract  sealed  and  delivered.  It  must  be 
written  before  the  sealing  and  delivery,  otherwise  it  is  no 
deed  ;  and  after  it  is  executed  by  the  parties,  nothing  can  be 
added,  and  therefore,  if  a  deed  is  sealed  and  delivered  with  a 
blank  left  for  the  sum,  which  the  obligee  fills  up  after  scaling 
and  delivery,  this  will  make  the  deed  void. 

DEKP  SEA-LINE,  or  Dip  Sea-Line,  in  the  sea-language, 
a  small  line  to  sound  with  ;  some  a  hundred  and  fifty  fathoms 
long,  with  a  plummet  hollow  at  the  head,  and  tallow  put  into  it, 
to  bring  up  stones,  gravel,  sand,  shells,  and  the  like,  from  the 
bottom,  to  know  the  differences  of  the  ground. 

DEEP  WAISTEI),  the  distinguishing  fabric  of  a  ship's 
decks,  when  the  quarter  deck  and  forecastle  are  elevated  from 
four  to  six  feet  above  the  level  of  the  upper  or  main  deck,  so 
as  to  leave  a  vacant  space,  called  the  waist,  on  the  middle  of 
the  upper  deck. 

DE  FACTO,  something  actually  fact,  in  contradistinction  to 
lie  jure,  w  here  a  thing  is  only  so  in  justice,  as  a  king  defacio  is 
a  person  in  possession  of  a  crown,  hut  without  a  legal  right  to 
the  same;  and  a  king  dc  jure  is  he  who  has  just  right  to  the 
crown,  tliougli  he  is  out  of  possession. 

DEFAMATION,  the  offence  of  speaking  slanderous  words 
of  another  ;  and  where  any  person  circulates  any  report  inju- 
rious to  the  credit  or  character  of  another,  the  party  injured 
may  bring  an  action  to  recover  damages  proportioned  to  the 
injury  he  has  sustained  ;  but  it  is  incumbent  upon  the  party  to 
prove  that  he  has  sustained  an  injury,  to  entitle  him  to  damages. 
In  some  cases,  however,  as  for  words  spoken  which,  by  law, 
arc  in  themselves  actionable,  as  calling  a  tra<lesman  a  bank- 
rupt, a  cheat,  or  swindler,  &e.  there  is  no  occasion  to  prove 
any  particular  damage,  but  the  plaintiff  must  be  particularly 
attentive  to  state  words  precisely  as  they  were  spoken,  other- 
wise he  will  be  nonsuited. 

DEFEASANCE,  in  Law,  a  condition  relating  to  a  deed  ;  as 
to  a  recognizance  or  statute,  which  being  performed  by  the 
recognizor,  the  deed  is  defeated,  and  made  void,  as  if  it  bad 
never  been  done. 

DEFENCE,  in  Law,  a  plea  made  by  the  defendant  after  the 
plaintiff's  declaration,  viz.  that  he  defends  all  the  wrong,  force, 
and  damage"!,  where  and  when  he  ought,  fee. 

DEFENDER  of  the  Faith,  a  peculiar  title  given  to  the 
king  of  England  by  pope  Leo  the  Tenth,  to  king  Henry  the 
Eighth,  for  writing  against  Martin  Luther  in  behalf  of  the 
Church  of  Rome,  then  account<'d  ilnmiciUum  firlii  cntliolicir. 

DEFICIENT  NuMi'.ERS,  in  Arilhmctie,  those  whose   parts 

or  multiples  added  togefner  fall  short  of  the  integer,  of  which 

they  are  the  parts  ;  such  is  8,  its  parts,  1,2,  4,  making  only  7. 

DEFILE,  in  Military  allairs,  a  narrow  passage  through  which 

a  company  of  horse  and  foot  can  pass  only  by  making  a  small 
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front,  so  that  the  enemy  may  take  an  opportunity  to  charge 
them  with  so  much  the  more  advantage,  as  those  in  the  front 
and  rear  cannot  come  to  the  relief  of  one  another. 

DEFINITION,  an  enumeration  or  specification  of  the  simple 
ideas  of  which  a  compound  idea  consists,  in  order  to  ascertain 
its  nature  and  character. 

Definition,  in  Rhetoric,  a  short  comprehensive  explana- 
tion.— The  special  rules  for  a  good  definition  are,  1.  It  must  be 
adequate,  that  is,  it  must  agree  to  all  the  particular  species  or 
individuals  included  under  the  same  idea.  2.  It  must  be  pro- 
per, and  peculiar  to  the  thing  defined.  These  rules  being 
observed,  will  render  a  definition  reciprocal  with  the  thine; 
defined,  that  is,  the  definition  may  be  used  in  its  place  ;  or  they 
may  be  mutually  affirmed  concerning  each  other.  3.  A.  def'mi- 
tion  should  be  clear  and  plain  ;  no  word  should  be  used  w  liicli 
has  any  difliculty  in  it.  4.  A  definition  should  be  short,  n  ithout 
tautology  or  superfluous  words.  5.  Neither  the  thing  defined, 
nor  a  .synonymous  name,  should  make  any  part  of  the  defini- 
tion.   See  the  author's  Grammak  of  Logic  and  Intellectual 

PlllI.OSIllMlV. 

DEFLAGRATION,  in  Chemistry,  the  act  of  burning  two  or 
more  substances  together,  as  charcoal  and  nitre. 

DEFLECTION,  the  turning  any  thing  aside  from  its  former 
course  by  some  adventitious  or  external  cause.  The  word  is 
often  applied  to  the  tendency  of  a  ship  from  her  true  course, 
by  currents,  &c.  which  deflect  or  turn  her  out  of  her  right  way. 

Di:flrction  of  the  Hatjs  of  Liyhl,  is  a  property  which  Dr. 
Hook  observed  in  1G74-5,  and  read  an  account  of  before  the 
Royal  Society,  March  18,  the  same  year.  He  says,  he  found 
it  dill'crent  from  both  reflection  and  refraction  ;  and  that  it  was 
made  towards  the  suiff.ce  cf  the  opacous  body  perpendicularly. 
This  is  the  same  property  which  Sir  Isaac  Newton  calls  inflec- 
tion.    It  is  called  by  others  diffraction. 

DEFLECTIVE  Forces,  arc  those  forces  which  act  upon  a 
moving  body  in  a  direction  different  from  that  of  its  artual 
course,  in  consequence  of  which  the  body  is  deflected,  or 
turned,  or  drawn  aside,  from  the  direction  in  whicii  it  is  mov- 
ing. Such  is  the  attractive  force  of  the  sun  upon  the  earth  in 
its  orbit. 

I)EFOLI.\TION,  in  Botany,  the  fall  of  the  leaves;  a  term 
opposed  to  frondcseentia,  the  annual  renovation  of  the  leaves, 
produced  by  the  unfolding  of  the  buds  in  spring.  Most  plants 
in  cold  and"  temperate  climates  shed  their  leaves  every  year  ; 
this  happens  in  autumn,  and  is  generally  announced  by  the 
flowering  of  the  common  meadow  saffron.  The  term  is  only 
applied  to  trees  and  shrubs  ;  for  herbs  perish  down  to  the  root 
every  year,  losing  stem,  leaves,  and  all. 

DEFORCEMENT,  in  Law,  the  casting  any  one  out  of  his 
land,  or  a  withholding  of  lands  and  tenements  by  force  from  the 
right  owner. 

DEGLUTITION,  in  Medicine,  the  act  of  swallowing  the 
food,  performed  by  means  of  the  tongue  driving  the  aliment 
into  the  oesophrigns,  which,  by  the  contraction  of  the  sphincter, 
protrudes  thr  contents  diiwnwards. 

DEGRADATION,  in  Painting,  expresses  the  lessening  the 
appearance  of  distant  objects  in  a  landscape,  in  the  same  man- 
ner as  they  would  appear  to  an  eye  placed  at  that  distance 
from  them. 

DEGREE,  in  Algebra,  a  term  applied  to  equations,  to  dis- 
tinguish the  highest  power  of  the  unknown  quantity.  Thus,  it 
the  index  of  that  power  be  3  or  4,  the  equation  is  respectively 
of  the  3d  or  4lh  degree. 

'  Decree,  in  Geometry  or  Trigonometry,  is  the  3C0th  part  of 
the  ciriMimference  of  any  circle.  Every  circle  being  considered 
as  divided  into  SCO  parts,  called  degrees,  which  are  marked  by 
a  small  °  near  the  top  of  the  figure,  thus,  45°  is  4.5  degrees 
The  degree  is  subdivided  into  GO  smaller  parts,  called  minutes, 
the  minute  into  GO  olliers,  called  seconds  ;  the  second  into  60 
thirds,  &c.  Thus  45°  12'  20",  are  45  degrees,  12  minutes,  20 
seconds. 

The  magnitude  or  quantity  of  angles  is  accounted  in  degrees; 
for  because  of  the  uniform  curvature  of  a  circle  in  all  its  parts, 
e(|ual  ausles  at  the  centre  are  subtended  by  equal  arcs,  and  by 
similar  arcs  in  peripheries  of  different  diameters;  and  an  angle  is 
said  to  he  of  so  many  degrees  as  are  contained  in  the  arc  of  any 
circle  comprehended  between  the  legs  of  the  angle,  and  having 
3k 
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the  angular  point  for  its  centre.  Thus  we  say,  an  anfjle  of  90°, 
or  of  45°  24'.  It  is  also  usual  to  say,  such  a  star  is  elevated  so 
mauy  decrees  above  the  horizon,  or  declines  so  many  degrees 
from  the  equator  ;  or  such  a  town  is  situated  so  many  degrees 
of  latitude  or  longitude.  A  sign  of  the  ecliptic  or  zodiac 
contains  30  degrees. 

Degree  of  Latitude,  is  the  space  or  distance  on  the  meridian 
through  which  an  observer  must  move,  to  vary  his  latitude  by 
one  degree,  or  to  increase  or  diminish  the  distance  of  a  star 
from  the  zenith  by  one  degree;  and  which,  on  the  supposition 
of  the  perfect  sphericity  of  the  earth,  is  the  3G0th  part  of  the 
meridian.  The  quantity  of  a  degree  of  a  meridian,  or  other 
grea.t  circle,  on  the  surface  of  the  earth,  is  variously  determined 
by  different  observers,  and  tlie  methods  made  use  of  are  also 
various;  and,  therefore,  without  entering  into  all  the  histories 
of  this  undertaking,  we  shall  present  our  readers  with  the 
following 

Table  of  the  different  Lengths  of  a  Denrce,  as  measured  in 
various  Parts  of  the  Earth,  tite  Time  of  its  Measurement,  the 
Latitude  of  its  Middle  Point,  ^■c. 


DATE. 

LATITUDE. 

E.xtent  iu  Liis- 
lish  Jliles  i 
Decimals. 

1523 

49° 

20i' 

N" 

68-763 

1620 

32 

4 

N. 

66-  91 

1C35 

53 

15 

N. 

09-543 

1644 

75066 

1(169  \ 
1718  5 

49 

22 

N. 

i  08-945 
(09119 

1737 

66 

20 

N. 

69- J  03 

49 

22 

N. 

69121  I 

1740 

45 

00 

N. 

09-092  5 
(-68751 
'  OS-732 
(.08  713 

1744 

0 

0 

1732 

33 

LSI 

S. 

69076 

1755 

43 

0 

N. 

6S-998 

1764 

44 

41 

N. 

09001 

1706 

47 

40 

N. 

69  142 

176S 

39 

12 

N. 

68-893 

1802 

51 

29  54 

IN. 

09-146 

1803 

66 

20J 

N. 

69292 

12 

32 

N. 

68-743 

180S 

44 

521 

N. 

68-769 

MEASURES. 


M.  Fernel 

Snellius 

Norwood 

Riccioli 

Piciini } 

Cassini ^ 

ft]aopertuis,&c, .. 

CassiDi&LaCaille 

Juan  and  L'lloa.  .  ~\ 

Bouguer J 

CoDdamine j 

La  Caille | 

Boscovich ) 

Beccaria ^ 

Leisganig 

Mason  and  DJxon 
Lt.-Col.  Mudge  . 
Swanberg,  &c.  . , 

Lambton 

Biot,  Arago,   ^"c. 


COUNTRIES. 


France. 

Holland. 
En;^latid, 
llalv. 

France. 

Lapland. 

France. 

Feru. 

Cape   of  Good 
Hope, 

Italy. 

Germany, 

America. 

England. 

Lripland. 

Mi  sore. 

France. 


Ellipticities  of  the  Earth,  expressed  in  Parts  of  its 
Equatorial  Diameter. 


AUTIIOKS. 

Ellipticities. 

PRINCIPLES. 

Hu\  ghens,   

Newton 

Maupertuis,  Sec. 

Swanberg, 

Clairault, 

Treisn'iokcr, . . . . 
Laplace, 

TJS 

Ti'53 

Tlicory  of  gravity. 
Mensuration  of  arcs. 

Kotatory  motion. 
Vibrations  of  the  pendulum. 
Occultations  of  the  ll.xcd  stars. 
Precession  and  nutation. 
Theory  of  the  moon. 

Degree  of  Z.oH(/i(«rff,  is  the  space  between  two  meridians 
that  make  an  angle  of  1°  with  each  other  at  the  poles  ;  the 
quantity  or  length  of  wlilcli  is  variable,  according  to  the  lati- 
tude, being  every  where  as  the  cosine  of  the  latitude,  viz.  as 
the  cosine  of  one  latitude  is  to  the  cosine  of  another,  so  is  the 
length  of  a  degree  in  the  former  latitude  to  that  in  the  latter, 
on  the  supposition  that  the  earth  is  spherical.  15ut  taking  the 
earth  as  a  spheroid,  the  degree  of  longitude  may  be  found  in 
any  given  latitude  L,  by  saying.  1.  As  the  equatorial  diameter  is 
to  the  polar,  so  is  tang.  90°  —  L,  to  tang,  of  an  angle  A  ;  then, 
2.  As  radius  is  to  sine  of  A,  so  is  the  length  of  a  degree  of  the 


equator  to  the  length  of  a  degree  on  the  parallel  of  the  given 
latitude.  From  these  principles  is  the  follouing  Table  com- 
puted, for  expressing  the  length  of  a  degree  of  longitude  in 
difierent  latitudes,  supposing  the  earth  to  possess  a  perfect 
sphericity. 


Deg. 
Lat. 

Euclish 
Miles. 

Dee. 
Lat. 

English 
Miles. 

Deg. 
Lat. 

English 
.Miles. 

peg. 
Lai. 

English  i 
.Miles. 

Deg. 
Lat. 

SO 

English 
Miles. 

0 

69  07 

20 

64-81 

40 

52-.-5 

60 

34-50 

11-98 

1 

69-00 

2i 

04-42 

41 

32-07 

61 

33-43 

81 

10-79 

2 

0903 

-j2 

6397 

42 

3127 

61 

32-40 

82 

9-59 

3 

08  97 

23 

03-51 

43 

3()-4ll 

63 

3133 

83 

8-41 

4 

68-110 

24 

63-03 

44 

49-03 

64 

30-24 

84 

7-21 

5 

08-81 

25 

62-53 

45 

48-74 

65 

29  15 

85 

609 

6 

68-02 

26 

62  02 

46 

47-93 

66 

28-06 

86 

4-81 

7 

68-48 

27 

0148 

47 

47-06 

67 

2a-96 

87 

3-61 

8 

08-31 

28 

GO  93 

48 

46-16 

68 

25-85 

h8 

2-41 

9 

68-15 

29 

6035 

49 

43-26 

09 

24-73 

89 

1-21 

10 

67-95 

30 

59-75 

50 

44-35 

70 

23-60 

90 

0-00 

It 

07-73 

31 

59-13 

51 

43-42 

71 

22-47 

— 

12 

07-48 

32 

58-51 

52 

43-48 

72 

21-32 

.... 

13 

07-21 

33 

57-87 

53 

4153 

73 

20-17 

14 

0695 

34 

37-20 

54 

40-56 

74 

19-f)2 

15 

66-65 

35 

56-51 

55 

49-58 

75 

17-80 

> . .  • 

16 

66-31 

36 

55  81 

56 

38-5S 

76 

1070  . 

17 

65  98 

37 

5310 

57 

87-58 

77 

15-.J2 

• .  •  > 

18 

65-02 

38 

34-37 

58 

3657 

78 

14-S3 

.... 

19 

65-24 

39 

53-62 

59 

35-54 

79 

13-17 

1 



Degree,  in  Universities,  denotes  a  quality  conferred  on  the 
studeuts  or  members  thereof,  as  a  testimony  of  their  proficiency 
in  the  arts  or  sciences,  and  entitling  them  to  certain  privileges. 
The  degrees  are  much  the  same  in  all  universities,  but  the 
laws  thereof,  and  the  previous  discipline  or  exercise  differ. 
The  degrees  are.  Bachelor,  Master,  and  Doctor;  instead  of 
which  last,  in  some  foreign  universities,  they  have  Licentiate. 

DEINCLINERS,  in  Dialing,  are  those  dials  which  both 
decline  and  incline  or  recline  at  the  same  time. 

DEISTS,  in  the  modern  sense  of  the  word,  persons  in  Chris- 
tian countries,  who,  acknowledging  all  the  obligations  and 
duties  of  natural  religion,  disbelieve  revealed  religion.  They 
are  so  called  from  their  belief  in  God  alone. 

DELEGATES,  Cotrrt  of,  is  so  called  because  the  judges 
thereof  are  delegated  by  the  king's  commission  under  the  great 
seal,  to  hear  and  determine  appeals  in  the  three  following 
cases:  I.  Where  a  sentence  is  given  in  any  ecclesiastical 
cause  by  the  archbishop,  or  his  official.  2.  When  any  sentence 
is  given  in  any  ecclesiastical  cause  in  the  places  exempt.  3. 
When  a  sentence  is  given  in  the  admiraPs  court,  in  suits  civil 
and  marine,  by  order  of  the  civil  law.  This  commission  is 
usually  tilled  with  lords  spiritual  and  temporal,  judges  of  the 
courts  at  Westminster,  and  doctors  of  the  civil  law. 

DELFT  Ware,  a  kind  of  pottery  covered  with  an  enamel  or 
white  glazing,  which  gives  it  the  appearance  and  neatness  of 
porcelain.  Some  kinds  of  this  enamelled  pottery  difl'er  much 
from  others,  either  in  their  sustaining  sudden  heat  without 
breaking,  or  in  the  beauty  and  regularity  of  their  forms,  of  their 
enamel,  and  of  the  painting  with  which  they  are  ornamented. 
In  general,  the  fine  and  beautiful  enamelled  ware,  which  ap- 
proaches the  nearest  to  porcelain  in  external  appearance,  is  at 
the  same  lime  that  which  least  resists  a  brisk  fire.  Again, 
those  which  sustain  a  sudden  heat  are  coarse,  and  resemble 
common  pottery.  This  kind  of  ware  has  its  name  from  Delft, 
in  Holland,  where  it  is  made  in  large  quantities. 

DELIQUESCENCE,  in  Chemi.stry,  denotes  the  properly 
possessed  by  certain  bodies,  of  attracting  moisture  from  the  air, 
and  thereby  becoming  liquid. 

DELIQUIUM,  in  Chemistry,  the  dissolution  or  melting  of 
a  salt  or  calx  by  suspending  it  in  a  damp  place  under  ground. 

DEMESNE,  signifies  the  king's  lands,  appertaining  to  him 
in  property.  No  common  person  has  any  domains,  simply 
understood,  for  wc  have  no  land  (that  of  the  crown  only  ex- 
cepted) which  is  not  holden  of  a  superior,  as  all  depends  either 
mediately  or  immediately  on  the  crown. 

DEAIETRIUS,  a  celebrated  Ojnic  philosopher,  who  lived  in 
the  time  of  the  Emperor  Vespasian. 
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UEMI-CULVERIN,  a  piece  of  ordnance,  the  least  of  wliicli 
isfourone-fourtli  inches  bore,  19  feet  long,  and  2000  lbs.  weight. 
It  carries  a  ball  of  four  inches  diameter,  and  of  nine  pounds 
weight,  and  its  level  range  is  174  paces.  A  denii-culverin  of 
the  largest  sort  is  four  three  fourths  inches  bore,  10  one-third 
feet  long,  and  weighs  .301)0  pounds.  It  carries  a  ball  of  four 
and  a  half  inches  diameter,  weighing  I'i  pounds  11  ounces, 
point-blank  178  pares. 

DEMILUNE,  Half  Moon,  in  Fortification,  an  outwork  con- 
sisting of  two  fa(^es  and  two  Hanks. 

DEMISE,  in  Law,  is  applied  to  an  estate  in  fee  simple,  fee 
tail,  or  for  term  of  life,  and  so  it  is  commonly  taken  in  many 
writs. 

DEMOCRACY,  in  Law  and  polity,  denotes  a  popular 
government,  or  that  where  the  supreme  power  is  in  the  hands 
of  the  people.     Such  for  atime  were  ancient  Rome  and  .Vlhens. 

DEMOCRITUS,  one  of  the  greatest  philosophers  of  anti- 
quity, who  flourished  about  3G0  years  before  the  Christian  a;ra. 

DEMOIVRE,  Abuaham,  an  eminent  mathematician,  was 
liorn  in  France,  May  l(j()7,  but  settled  in  England  at  the  age  of 
eighteen,  where  he  contlMued  to  reside  till  his  death,  which 
happened  in  November  1751,  in  the  eighty-first  year  of  his  age. 

DEMONSTRATION,  a  certain  or  convincing  proof  of  some 
proposition. 

DEMONsrRATioN,  in  Logic,  a  series  of  syllogisms,  all  the 
premises  of  which  are  definitions,  .sclf-cvideut  truths,  or  propo- 
sitions already  established. 

DEMURRAGE,  an  allowance  given  to  the  commander  of  a 
trading  ship  by  the  merchants,  for  having  detained  him  longer 
in  port  than  the  time  previously  appointed  for  his  departure. 

DEMURRER,  a  pause  or  stop  put  to  the  proceedings  of  an 
action  upon  a  point  of  difficulty,  which  must  be  determined 
by  the  court  before  any  farther  proceedings  can  be  had  therein. 
He  that  demurs  in  law  confesses  the  facts  to  be  true,  as  stated 
by  the  opposite  parly  ;  but  denies  that  by  the  law  arising  upon 
those  facts  any  injury  is  done  to  the  plaintilf,  or  that  the  defend- 
ant has  made  out  a  lawful  excuse. 

DEN\RIUS,  in  Roman  antiquity,  the  chief  silver  coin 
among  the  Romans,  «orth  in  our  money  about  l\d.  As  a 
weight,  it  was  the  seventh  part  of  a  Roman  ounce. 

DENDRITES,  or  AiiHoiuzATioNs,  an  appellation  given  to 
figures  of  vegetables  observed  in  fossil  substances,  and  which 
are  of  two  kinds,  the  one  superficial,  the  other  internal.  The 
first  are  chiefly  found  on  the  surface  of  stones,  and  between  the 
strata  and  the  fissures  of  those  of  a  calcareous  nature.  They 
are  mostly  brown,  changing  gradually  to  reddish  yellow.  The 
internal  dendrites  are  of  a  deep  black.  The  most  esteemed 
sorts  are  those  found  in  agates,  and  particularly  in  the  sar- 
donyx, cornelian,  and  other  precious  stones  brought  from  the 
east,  and  which  are  commonly  denominated  Moka  stones. 

DENDROMETER,  aninstrument  invented  by  Messrs. Dun- 
eombe  and  Whittel,  for  which  they  obtained  a  patent,  and  so 
called  from  its  use  in  measuring  trees.  It  consists  of  a  semi- 
circle divided  into  two  quadrants,  and  graduated  from  the 
middle  ;  and  upon  the  diameter  there  hangs  a  plummet  fur 
fixing  the  instrument  in  a  vertical  position.  Thi'  principal  use 
of  it  is  for  measuiing  the  length  ami  <liameter  of  any  tree  per- 
pendicular or  obli(|uc  to  an  horizontal  plane,  or  in  any  situa- 
tion of  the  place  on  which  it  rests,  or  of  any  figure,  whether 
regular  or  irregular,  and  also  the  length  and  diameter  of  the 
boughs,  by  mere  inspection  ;  and  the  inventors  ot  it  have  ral<:u- 
lated  tables,  annexed  to  iheir  account  of  the  instiument  itself, 
by  the  help  of  which  the  (|uantity  of  timber  in  a  tree  is  obtained 
without  calculati(ni,  or  the  use  of  the  sliding  rule.  The  den- 
drometer,  fitted  to  a  theodolite,  may  be  applied  to  measuring 
the  heights  and  distances  of  objects,  accessible  or  inaccessible, 
whether  situated  in  planes  parallel  or  oblique  to  the  plane  in 
which  the  instrument  is  placed.  It  may  be  also  used  for  taking 
all  angles,  whether  ^ertii';d,  horizontal,  or  oblique,  in  any  posi- 
tion of  the  pbuies  in  which  they  are  formed. 

DENEIJ,  an  Arabic  term  signifying  (niV,  and  hence  applied 
to  the  names  of  ceilain  stars  in  the  tails  of  some  of  the  constel- 
lations, as  Deneb  Adige  in  the  tail  of  the  Swan. 

DENIZUN.  A  denizen  is  an  alien  born,  who  has  obtained 
letters  patent  whereby  he  is  constituted  an  lOnglish  snhji'et. 
A  denizen  is  in  a  middle  state  between  an  alien  and  u  natural 


born  or  naturalized  subject,  partaking  of  the  nature  of  both. 
He  may  take  lands  by  purchase,  or  derive  a  title  by  descent 
through  his  parents  or  any  ancestor,  though  they  be  aliens 

DENOMINATOR  of  a  Fraction,  is  that  number  written 
below  the  line,  expressing  the  number  of  parts  into  wbich  the 

unit  is  supposed  to  be  divided;  thus,  in  the  fractions  — '-r . 

12   6  > 

12  and  h  are  the  denominators. 

DENSITY,  strictly  speaking,  denotes  vicinity  or  closeness 

of  particles  ;  but  in  mechanical  science  it  is  used  as  a  term  of 
comparison,  expressing  the  proportion  of  the  number  of  equal 
moleculae,  or  the  <|uantity  of  matter  in  one  body  to  the  number 
of  equal  moleeuhe  in  the  same  bulk  of  another  body  ;  densit\, 
therefore,  is  directly  as  the  quantity  of  matter,  and  inversely 
as  the  magnitude  of  the  body.  Sienx'  it  may  be  shewn  experi- 
rimcntally,  that  the  quantities  of  matter,  or  the  masses  in 
dificrent  boilies,  are  proportional  to  their  weight,  of  conse- 
quence, the  density  of  any  body  is  directly  as  its  vseight,  and 
inversely  as  its  magnitude  ;  or  the  inverse  ratio  of  the  magni- 
tudes of  two  bodies,  having  experimentally  equal  weight  (in 
the  same  place,)  constitutes  the  ratio  of  their  densities.  No 
body  is  absolutely  or  perfectly  full  of  matter,  so  as  to  have  no 
vacuity  or  interstices  ;  on  the  contrary,  it  is  the  opinion  of 
Newton,  that  even  the  densest  bodies,  as  gold,  &c.  contain  but 
a  small  portion  of  matter,  and  a  great  portion  of  vacuity,  or 
that  they  contain  a  great  deal  more  pores  or  empty  space  than 
real  substance.     Sec  l.MPfcNF.TRAniLi  rv. 

Dknsity  of  the  Eartlt.  The  determination  of  the  density  of 
the  earth,  as  comparc<l  wiih  that  of  water,  or  any  other  known 
body,  is  a  subject  which  has  excited  considerable  interest 
amongst  modern  mathematicians,  and  nothing  can  at  first 
sight  seem  more  beyond  the  reach  of  human  science,  than  the 
due  solution  of  this  problem,  yet  this  has  been  determined,  and 
on  such  principles,  that  if  it  be  not  correctly  true,  it  is  probably 
an  exlreinely  near  approximation.  The  first  idea  of  detcrmiu- 
ing  the  density  of  the  earth  was  suggested  by  M.  Houguer,  in 
consequence  of  the  attraction  of  Chimboiaco,  w  hicli  affected 
his  plumb-line  while  engaged  with  Condamiue  in  measuring  a 
degree  of  the  meridian,  near  Quito,  in  Peru.  This  led  to  the 
experiments  on  the  mountain  Sehehallien,  in  Scotland,  which 
were  carried  on  under  the  direction  of  Dr.  Maskelyne,  and 
afterwards  submitted  to  calculation  by  Dr.  llutlnn,  who  deter- 
mined the  density  of  the  earth  to  be  to  that  of  water,  as  i\  to  1. 
But  in  eonse()Ucnce  of  the  specific  gravity  of  the  mountain 
being  assumed  rather  less  than  it  ought  to  have  been,  the  above 
result  is  less  than  the  true  density,  as  has  since  been  shewn 
by  Dr.  llutton  and  Professor  Playfair,  the  former  of  whom 
makes  it,  in  his  corrected  paper,  as  99  to  20,  or  nearly  as  ,'i  to  I. 

The  same  problem  has  been  attempted  on  similar  principles, 
but  totally  in  a  difierent  manner,  by  the  late  Mr.  Cavendish, 
who  found  the  density  of  the  earth  to  be  to  that  of  water,  as 
.548  to  I.  Taking  a  mean  of  all  these,  we  have  the  density  of 
the  earth  to  that  of  water,  as  6-24  to  1.  and  which,  as  we  before 
observcil,  is  probably  an  extremely  near  approximation. 

Dknsity  of  the  PUmets.  We  have  seen,  in  the  preceding 
part  of  this  article,  that  the  density  of  a  body  is  directly  as  its 
mass,  and  reciprocally  as  its  magnitude;  therefore,  any  two  of 
these  being  given,  the  third  may  be  undetermined.  Now  the 
magnitude  of  the  several  planets,  as  also  of  the  sun,  being  sup- 
posed known  from  observation,  if  we  can  determine  their 
masses,  their  densities  will  thus  aisc  become  known. 

The  power  of  attraction  with  which  any  central  body  acts 
upon  another  body  revolving  about  it,  is  directly  as  the  mass 
of  the  central  body,  and  reciprocally  as  the  square  of  the  dis- 
tance of  t!ie  revolving  body;  and  this  power  may  be  measured 
by  the  delleclion  of  the  revolving  body  in  a  given  time  from  the 
direction  of  its  tangent.  Now,  if  we  consider  the  earth  as  the 
central,  and  the  moon  as  the  revolving  body,  the  defiection  of 
the  latter  in  one  second  is  known  to  be  g^Ss  "^  '^  (oal,  thai  is,  it 
deviates  so  much  from  the  direction  of  its  tangent  in  one 
second  of  lime,  as  may  be  readily  ascertained  by  computation, 
being  cipial  to  the  versed  sine  of  the  arc  described  in  one 
second.  If  the  distance  between  the  earth  and  moon  had  been 
double  what  it  is,  this  defieclion  would  have  been  only  J  of  ihe 
above,  if  the  distance  were  only  half  what  it  is,  this  dellectiuu 
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would  be  tour  times  as  mucli,  and  so  on,  because  the  power  of 
the  central  body  is  reciprocally  as  the  square  of  its  distance. 
Again,  if  the  distance  of  the  bodies  remain  the  same,  and  ihe 
mass  of  the  central  body  be  doubled,  the  dellection  will  be 
doubled;  if  tripled,  the  dellection  will  be  tripled,  and  so  on  ; 
because  the  power  of  the  central  body  is  directly  as  its  mass. 
Now  Jupiter's  fir>t  satellite  revolves  about  that  planet  at  the 
same  distance  as  the  moon  does  about  the  earth,  but  its  deflec- 
tion in  one  second  is  256  times  that  of  the  moon  ;  whence,  the 
distances  being  equal,  it  follows,  that  the  mass  of  Jupiter  is 
256  times  greater  than  that  of  the  earth.  Had  these  distances 
not  been  equal,  we  must  have  found  what  the  deflection  of  the 
moon  would  be  at  the  given  distance  ;  then  comparing  this 
with  that  of  the  satellite,  the  mass  in  any  other  case  might  be 
determined.  Having  thus  found  the  mass,  and  the  magnitude 
being  known,  we  shall  have,  assuming  the  mass  of  the  earth  as 
Unity  ;  as  1  divided  by  the  magnitude  of  the  earth,  is  to  the 
mass  of  any  planet  divided  by  its  magnitude;  so  is  1,  the 
density  of  the  earth,  to  the  density  of  the  planet ;  and  in  this 
way  the  density  of  any  planet  having  a  satellite,  may  be  readily 
computed.  In  other  cases,  recourse  must  be  had  to  the  dis- 
turbing force,  which  is  of  a  very  laborious  computation.  The 
density  of  the  sun,  and  the  several  planets,  as  deduced  from 
Laplace's  "  System  du  Monde,"  is  as  follows:  viz. 


SuD, 0  25226 

Mercury, 25H.330 

Venus, 1-02400 

Earth, l-OOOOO 


Mars, 0-656.30 

Jupiter, 0  20093 

Saturn, 0-10349 

Uranus, 0-21085 


DENTIFRICE,  a  remedy  for  the  teeth,  of  which  there  are 
various  kinds  ;  generally,  however,  they  are  made  of  earthy 
substances  mixed  with  alum.  Those  formed  of  acids  are  very 
pernicious. 

DEODAND,  in  Law,  is  a  forfeiture  of  that  thing  or  animal 
which  occasions  tlie  death  of  a  human  being  by  mischance. 
Where  the  death-is  purely  accidental,  and  no  blame  attached 
to  any  person,  the  coroner's  jury  usually  find  a  deodand  of  one 
shilling. 

DEPARTURE,  in  Navigation,  is  the  easting  or  westing  of 
a  ship  in  respect  of  the  meridian  it  departed  or  sailed  from  ; 
or  it  is  the  difference  of  longitude  in  miles  either  cast  or  west, 
between  the  present  meridian  the  ship  is  under,  and  that 
where  the  last  reckoning  or  observation  was  made. 

DEPOT,  any  place  in  which  military  stores  are  deposited. 
Also  a  particular  place  at  the  tail  of  the  trenches,  out  of  the 
reach  of  the  cannon,  where  the  troops  generally  assemble  who 
are  ordered  to  attack  the  outworks. 

DEPRESSION  or  Equations,  in  Algebra,  is  the  reduction 
of  an  equation  to  one  of  lower  dimensions,  an  operation,  Iiow- 
ever,  that  can  only  be  eflected  in  particular  cases,  viz.  when  a 
certain  relation  has  place  between  the  roots  of  the  equation  ; 
thus  if  an  equation  has  equal  roots  with  either  like  or  contrary 
signs,  or  if  the  equation  be  a  reciprocal  one,  having  each  pair 
of  roots  the  reciprocal  of  each  other,  and  in  short  under  almost 
any  known  relation  of  the  roots  the  equation  may  be  depressed 
to  one  of  lower  dimensions.  If  an  equation  have  two  equal 
roots  it  may  be  depressed  one  degree;  if  three  equal  roots,  it 
may  be  depressed  two  degrees,  and  so  on  ;  and  in  reciprocal 
equations  of  even  dimensions,  may  be  depressed  to  half  the 
original  degree  ;  and  if  they  are  of  odd  dimensions,  to  half  the 
original  degree  minu.s  I. 

DEPRESSION  OF  the  Pole.  When  a  person  sails  or 
travels  towards  the  equator  he  is  said  to  depress  the  pole :  be- 
cause as  many  degrees  as  he  approaches  nearer  the  equalor,  so 
many  degrees  will  the  pole  be  nearer  the  horizon.  This  arises 
from  the  spherical  figure  of  the  earth.  When  a  star  is  under 
the  horizon  it  is  termed  the  depression  of  that  star  under  the 
horizon.  The  altitude  or  depression  of  a  star  is  an  aicli  of  the 
vertical  circle,  or  azimuth,  intercepted  between  the  horizon 
and  the  star. 

Depression,  or  Dij)  of  the  Visible  Horizon,  denotes  its  sink- 
ing or  dipping  below  the  true  horizontal  plane,  by  the  observer's 
eye  being  raised  above  the  surface  of  the  sea;  in  consequence 
of  which  the  observed  altitude  of  an  object  is  by  so  much  too 
great.  The  following  table  shews  the  depression  or  dip  at  the 
horizon  of  the  sea  for  difl'ercot  heights  of  the  eye. 


TABLE. 


Height  of 

Dip  of  the      I 

Height  of 

Dip  of  the 

Height  of 

Dip  ot  ;he 

the  ej'e. 

hori 

ZOD. 

the  eye. 

hor'.zon. 

the  eye. 

horizon. 

Feet. 

' 

II 

Feet. 

/       11 

Feet. 

/         /' 

1 

0 

57 

13 

3     26 

26 

4     52 

2 

1 

21 

14 

3     34 

28 

5       3 

3 

1 

39 

15 

3     42 

30 

5     14 

4 

1 

55 

16 

3     49 

35 

5     39 

5 

2 

8 

17 

3     66 

40 

6       2 

6 

o 

20 

18 

4       3 

4.'. 

6     24 

7 

2 

31 

19 

4      10 

50 

6     44 

8 

2 

42 

20 

4      16 

60 

7     23 

9 

2 

62 

21 

4     22 

70 

7     59 

10 

3 

1 

22 

4     28 

SO 

8    32 

11 

3 

10 

23 

4     34 

90 

9       3 

12 

3 

18 

24 

4     40 

100 

9     33 

DERH.VM,  John,  an  eminent  philosopher  and  mathemati- 
cian, born  at  Worcester  in  1657,  was  the  author  of  many 
valuable  articles  in  the  "  Philosophical  Transactions,"  &c. 
Derham  died  in  1738,  at  Upniinster. 

DERVIS,  a  name  given  to  all  Mohammedan  monks,  tbongli 
of  various  orders.  They  have  convents  in  the  same  manner  as 
the  monks  in  the  Cathoiic  and  Greek  churches. 

DESAGULIERS,  John  Theo.  an  eminent  experimental 
philosopher,  was  born  at  Rochelle,  in  France,  in  1(J83,  but 
educated  in  England,  where  he  afterwards  continued  (o  reside. 
He  was  a  member  of  several  learned  societies,  and  made 
numerous  communications  on  the  subjects  oi  optics,  mec/uinies. 
&c.  both  to  the  Royal  Society  of  London,  and  to  the  Academy 
of  Sciences  at  Paris. 

DESCENSION,  Right,  the  arc  of  the  equator  which 
descends  with  the  sign  or  star  below  the  horizon  of  a  direct 
sphere;  and  ohliqve  Descevsion  is  the  arc  of  the  equator  that 
descends  with  the  sun  or  star  in  an  oblique  sphere. 

DESCENT  OF  Bodies,  in  Mechanics,  is  their  motion  or 
tendency  towards  the  centre  of  the  earth,  either  in  a  direct 
or  oblique  direction.  The  laws  of  the  descent  of  bodies 
in  free  space  are  given  in  the  article  Acceleration, 
their  descent  along  inclined  planes  in  the  article  Inclined 
Plane,  and  in  fluids  under  Resistance.  We  shall,  there- 
fore, merely  refer  to  a  singular  phenomenon  respecting  falling 
bodies,  which  is  their  deviation  from  the  perpendicular,  occa- 
sioned by  the  rotation  of  the  earth  on  its  axis.  AVhen  the 
idea  of  the  earth's  motion  was  started  b)'  Copernicus,  it  was 
strongly  objected  to  it,  that  if  the  earth  really  revolved,  a  stone 
let  fall  from  the  top  of  a  tower  ought  to  fall  considerably  to  the 
westward  of  the  foot  of  it,  being,  according  to  their  notion,  loft 
behind  by  the  motion  of  the  earth  ;  and  the  supporters  of  the 
doctrine  were  not  then  snfiicienlly  acquainted  with  the  compo- 
sition of  motion  to  explain  away  the  difficulty.  However,  when 
the  laws  of  motion  became  better  understood,  it  was  discovered, 
that  the  body,  instead  of  falling  to  the  westward  of  the  tower, 
ought  to  fall  a  little  to  the  eastward  oi  it,  in  consequence  of 
the  velocity  of  rotation  being  greater  at  the  top  than  at  the  foot 
of  the  tower:  and  this  deviation  is  said  to  have  been  really 
detected  by  M.  Ouglielmini  and  M.  Benzenberg,  the  former 
finding  it  to  be  eipial  to  8  lines  in  falling  241  feet,  and  the 
latter  5  lines  for  a  fall  of  262  feet.  But  how  far  experiments 
on  such  delicate  subjects  may  be  depended  on,  may  be  a  mat- 
ter of  doubt,  but  of  the  truth  of  the  theoretical  deflection  no 
doubt  can  be  entertained. 

DESCENT,  in  Heraldry,  expresses  the  coming  down  of  any 
thing  from  above;  as.  a  lion  en  descent  with  his  head  towards 
the  base  (loints  and  his  heels  towards  one  of  the  corners  of  the 
chief,  as  if  he  were  leaping  down  from  some  high  place. 

Dv.»cv.»T,  Line  of  Swiftest,  is.  that  which  a  body,  falling  by 
the  action  of  gravity,  describes,  in  the  shortest  time  possible, 
from  one  given  point  to  another.  And  this  line  is  the  arc  of  a 
cycloid,  when  tlic  one  point  is  not  perpendicularly  over  the 
other. 

Descent,  in  Law,  is  the  title  by  which  a  man,  on  the  death 
of  his  ancestor,  acquires  his  estate  by  right  of  representation 
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as  Iiis  heir  at  law  ;  and  an  estate  so  descending  to  the  heir  is 
in  law  oiillefl  the  inheritance. 

DESIDERATUM,  the  desirable  accomplishment  of  some 
advancement  in  art  or  science ;  as,  the  use  of  pendulums 
where  there  are  irregular  motions. 

DE.SIGN,  in  Painting,  the  first  idea  of  a  large  work  drawn 
roughly,  and  on  a  small  scale,  with  the  intention  of  being 
executed  and  finished  in  large.  See  Duawing.  In  Music, 
design  means  both  the  invention  and  execution  of  the  subject, 
in  all  its  parts,  and  agreeably  to  the  general  order  of  the 
whole.  In  Manufactures,  design  expresses  the  figures  with 
which  the  workman  enriches  his  stiilf  or  silk,  and  which  he 
copies  after  his  own  drawing  or  the  sketches  of  some  artist.  In 
Building,  the  term  ichnography  may  be  used,  when  by  design 
is  only  meant  the  plan  of  a  building,  or  a  Hat  figure  drawn 
on  paper;  when  some  side  or  face  of  the  building  is  raised 
from  the  ground,  we  may  use  the  term  orthography:  and  when 
both  front  and  sides  are  seen  in  perspective,  it  may  be  termed 
scenography. 

DESCRIBENT,  in  Geometry,  is  the  line  or  surface,  from 
the  motion  of  which,  a  surface,  or  body,  is  supposed  to  be 
generated  or  described. 

DESCRIPTIVE  Geometry,  the  name  given  to  a  species  of 
geometry  almost  entirely  new,  and  whicli  we  owe  in  great  mea- 
sure to  M.  Monge.  When  any  surface  whatever  penetrates 
another,  there  most  frequetitly  result  from  their  intersection 
cuives  of  double  curvature,  the  detcrminatiun  of  whiih  is 
necessary  in  many  arts,  as  in  groined  vault-work,  cutting 
arch-stones,  wood-cutting,  for  ornanienlal  work.  &c.  the  form 
of  which  is  frequently  very  singular  and  complicated:  it  is  in 
the  solution  of  problems  appertaining  to  these  subjects  that 
descriptive  geometry  is  especially  useful.' 

DETACHED  Pihces,  in  Fortification,  are  outworks  at  a 
distance  from  the  body  of  the  phice;  as  demilunes,  ravelincs, 
bastions,  &c.  In  Painting,  the  figures  are  well  detached,  wlien 
they  stand  free  and  disengaged  from  each  other. 

DETACHMENT,  in  Military  aflairs,  a  number  of  soldiers 
drawn  out  from  regiments  or  companies  equally,  to  be  em- 
ployed as  the  general  thinks  proper  ;  whether  on  an  attack,  at 
a  siege,  or  in  parties  to  scour  the  country. 

DETERMINATE  Puobli:m,  in  Geometry,  that  which  has  a 
limited  number  of  answers  :  as  the  following,  iir.  Todcseiibe 
an  isoceles  triangle  on  a  given  line,  whose  angles  at  the  base 
shall  be  doid)le  that  at  the  vertex. 

DETINUE,  in  Law,  a  writ  which  lies  where  any  man  comes 
to  goods  or  chattels  either  by  delivery  or  by  finding,  and  re- 
fuses to  give  them  up;  and  it  lies  for  the  detaining,  when  the 
detaining  was  unlawful. 

DETONATION,  in  Cliemistry,  the  noise  and  explosion 
which  any  substance  makes  upon  the  application  of  fire.  It  is 
also  called  fulminalion.  Hence  the  detonating  balls,  detonat- 
ing powder. 

DEVELOPMENT,  a  term  in  fretpient  use  among  modern 
algebraists,  to  denote  the  transformation  of  any  fraction  into 
the  form  of  a  series. 

DEVELOPMENT  of  a  Spheric  Surface  on  a  Plane,  is 
applied  to  the  drawing  of  a  small  portion  of  the  earth's  surface 
in  a  manner  nearly  spherical,  by  supposing  the  sphere  eircum- 
scribed  by  a  polyhedron,  the  side  of  which  is  extended  upon  a 
plane.  In  approximating  the  development  of  the  spheric  sur- 
face, there  are  two  methods  of  considering  the  subject :  one, 
by  supposing  the  polyhedrons  surface  to  consist  of  conic  frus- 
tums, each  touching  the  surface  of  the  sphere  in  the  middle  ; 
the  other,  by  supposing  the  polyhedrous  surface  comprised  of 
frustums  of  a  cylinder,  meeting  each  other  in  planes  passing 
through  the  centre  of  the  sphere,  and  intersecting  each  other 
in  one  common  diameter  as  an  axis  ;  and  because  both  the 
conic  and  eyiindric  surfaces  are  developable,  the  surface  of  the 
circumscribing  polyhedron  will  also  be  developable,  and  there- 
fore will  admit  of  being  correctly  represented.  Now,  suppos- 
ing all  the  sides  of  the  figure  to  be  erpial,  and  increased 
in  number  at  pleasure,  the  greater  the  number,  the  nearer 
will  the  surface  of  the  polyhedron  coincide  with  that  of  the 
sphere;  and  consequently,  any  portion  of  the  developed  surface 
of  the  polyhedron,  will  be  very  nearly  eqiral  and  similar  to  the 
corresponding  portion  of  the  spheric  surface.  Each  of  these 
24. 


different  methods  of  representing  the  spheric  surface  has  its 
peculiar  advantage  and  disadvantage,  when  applied  to  the  art 
of  map-making:  tlie  conic  method  of  development  is  best 
adapted  to  represent  countries  to  any  extent  in  the  differ- 
ence of  longitude,  or  round  the  whole  circumference  of  the 
earth  if  required,  to  a  certain  extent  in  difference  of  latitude  ; 
and  the  eyiindric  method  of  development  is  well  adapted 
to  represent  countries  contained  between  any  two  parallels  of 
latitude,  but  not  to  have  any  considerable  difference  of  longi- 
tude. Of  these  two  different  projections  by  development,  the 
conical  projection  is  the  most  simple,  and  is  attended  with  the 
least  trouble,  on  account  of  the  facility  of  describing  the 
parallels  of  latitude  in  concentric  circles,  and  the  meridians  in 
straight  lines.  In  comparing  a  spherical  zone  to  a  truncated 
cone,  in  order  to  construct  its  development,  we  view  the 
parallels  as  circles  described  from  the  summit  of  the  cone 
taken  as  a  common  centre ;  and  the  meridians  are  right  lines 
subjeited  to  pass  through  that  point.  It  is  visible  that  the 
result  will  approach  the  nearer,  in  proportion  as  the  map  shall 
embrace  less  extent  in  latitude.  This  projection  may  vary  in 
difierent  ways;  for  it  may  be  supposed  that  the  cone  is  a  tan- 
gent to  the  middle  parallel  of  the  map,  and  in  consequence, 
exterior;  or,  that  it  may  be  in  part  inscribed  in  the  sphere, 
that  is  to  say,  formed  by  the  secants  of  the  meridians.  In  the 
first  case,  the  map  will  not  be  perfectly  exact,  except  on  the 
middle  parallel,  which  will  preserve  in  its  development  the 
lengtli  which  it  really  posses.scs  on  the  sphere;  but  the  paral- 
lels placed  above  and  beneath,  will  exceed  those  on  the  sphere, 
which  are  correspondent. 

With  respect  to  the  application  of  the  development  of  the 
conic  surface  in  the  construction  of  maps,  the  Rev.  Patrick 
Murdoch  proposed  to  substitute  to  the  tangent  cone,  a  cone 
partly  inscribed  and  determined  upon  this  condition,  tlml  the 
part  of  the  area  compreheniled  in  the  map,  should  he  equivalent  to 
that  of  the  spherical  :(inc  whieh  it  represents.*  Though  it  may 
be  dillicnlt,  at  first  sight,  to  conceive  that  the  surface  of  the 
globe  can  be  represented  by  a  part  of  the  surface  of  a  cone, 
yet  this  is  the  case  in  regard  to  D'Anville's  map  of  Russia. 
You  may  easily  form  the  surface  of  a  cone,  of  any  plain  piece 
of  paper  cut  into  a  circular  form  or  base  ;  and  you  will  as 
easily  consider,  that  if  a  cone  about  tw  ice  the  height  of  the 
semi-diameter  of  the  globe,  were  to  be  conceived  as  standing 
on  the  same  base  with  the  hemisphere,  namely,  on  the  equator, 
the  surface  of  such  a  cone  would  in  part  lie  within  the  surface 
of  the  globe  ;  and  then,  nothing  can  be  more  natural,  than  to 
suppose  that  the  surface  of  the  globe  at  so  small  a  distance 
from  the  surface  of  the  cone,  might  be  very  easily  projected  or 
delineated  on  it;  and  in  such  a  case,  the  projection  of  the 
countries  and  their  bearings,  distances,  &c.  will  be  very  nearly 
the  same  on  the  surface  of  the  included  part  of  the  cone,  as  on 
that  of  the  globe  itself;  and  when  such  a  geographical  conical 
.surface  is  cut  out  and  expanded,  it  makes  the  map  now  under 
consideration. 

When  any  portion  of  the  earth's  surface  is  projected  on  a 
plane,  or  transferred  to  it  by  whatever  method  of  description, 
the  real  dimensions,  and  often  the  figure  and  position  of  coun- 
tries, are  much  altered  and  misrepresented.  The  particular 
methods  of  description  used  among  geographers  arc  so  various, 
that  we  might  suspect  them  to  be  faulty;  but  in  most  of 
their  works  we  find  these  two  blemishes,  the  linear  dimensions 
visibly  false,  and  the  intersections  of  the  circles  oblique  ;  so 
that  a  quadrilateral  space  shall  often  be  represented  by  an 
oblique-angled  rhomboid  figure,  whose  diagonals  are  very  far 
from  equal  ;  and  yet,  by  a  strange  contradiction,  you  shall  sec 
a  scale  of  distances  inserted  in  such  a  map.  The  last  of  these 
blemishes  is  removed,  and  the  other  lessened,  in  some  maps  of 
P.  Schenk's  of  Amsterdam,  a  "  map  of  the  Russian  empire," 
the  "  Germania  Critica"  of  the  famous  Professor  Meyer,  and  a 
few  more.  In  these  the  meridians  are  straight  lines,  ciuiverg- 
ing  to  a  point,  from  which,  as  a  centre,  the  parallels  of  latitude 
are  described,  and  I  have  given  a  rule  for  drawing  such  maps, 
under  the  article  Maps. 


•  See  tlie  Eilitor's  Treatise  on  the  Construclioo  of  Maps,  for  this  dev« 
lopmeiit,  p.  ll;i,  &c. 
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DEVISE,  or  Device,  in  Hcriildrj,  Painting,  and  Sculpture, 
any  cmhicm  used  to  represent  a  certain  family,  person,  action, 
or  quality,  with  a  suitable  motto  applied  in  a  figurative  sense. 

Devise,  in  Law,  tlie  act  whereby  a  person  bequeaths  his 
lands  or  tenements  to  another,  by  his  last  will  and  testament. 
Tlie  person  who  makes  this  act,  is  called  the  devisor,  and  he  in 
whose  favour  the  act  is  made,  is  termed  the  devisee. 

DEW,  tliat  condensation  of  vapour  which  we  perceive  on 
the  grass  of  the  fields,  &c.  and  which  is  produced  by  the  evapo- 
ration of  moisture  from  the  earth,  both  before  and  after  sun- 
set. Under  certain  circumstances,  the  air  holds  not  the  same 
quantity  of  water  in  solution,  and  the  result  is  a  deposition  of 
it  in  aqueous  particles;  during  day,  and  under  the  effects  of 
electricity,  definite  antl  floating  clouds  are  the  result,  and  the 
processes  of  rain  often  commence  ;  but  in  fine  weather,  in  the 
evening,  the  vapour  piano  being  destroyed,  the  vapour  so 
deposited  precipitates  down  in  dew.  During  the  heat  of  the 
dav  a  great  quantity  of  vapour  is  thrown  into  the  atmosphere 
from  the  surface  of  the  earth  and  waters.  When  the  evening 
returns,  if  the  vapour  has  not  been  carried  olf  in  part  by  cur- 
rents, it  will  often  happen  that  more  remains  ditfused  in  the 
general  atmosphere  than  the  temperature  of  tlie  night  will 
permit  to  subsist  under  the  full  pressure  of  the  aqueous  atmo- 
sphere. A  decomposition  of  the  latter  then  commences,  and  is 
continued  until  the  general  temperature  and  aqueous  pressure 
arrive  at  an  equilibrium,  or  until  the  returning  sun  puts  an  end 
to  the  process.  Dew  appears  only  on  calm  and  clear  nights: 
very  little  is  ever  deposited  in  opposite  circumstances,  and 
little  only  when  the  clouds  are  very  high.  It  is  never  seen  on 
nights  both  cloudy  and  windy  ;  and  if  in  the  course  of  the  night 
the  weather,  from  being  serene,  should  become  dark  and 
stormy,  dew  which  had  been  deposited  will  disappear.  In 
calm  weather,  if  the  sky  be  partially  covered  with  clouds,  more 
dew  will  appear  than  if  it  were  entirely  uncovered. 

DIABETES,  in  Physic,  an  excessive  discharge  of  urine, 
which  comes  away  crude,  and  exceeds  the  quantity  of  liquids 
drank. 

DIACAUSTIC  CURVE,  a  species  of  the  caustic  curves 
formed  by  refraction. 

DIACOUSTICS,  or  Diaphonics,  the  consideration  of  the 
properties  of  sound  refracted  in  passing  tlirough  dillerent 
mediums. 

DIvEKESIS,  in  Grammar,  the  division  of  one  syllable  into 
two,  which  is  usually  noted  by  two  points  over  a  letter,  as 
aulai  instead  of  aulne,  dissoliienda  for  dissolvenda. 

DIAGNOSTIC,  in  Medicine,  a  term  given  to  those  signs 
which  indicate  the  present  state  of  a  disease,  its  nature  and 
cause. 

DIAGONAL,  in  Geometry,  a  right  line  drawn  across  a 
quadrilateral  or  other  figure,  whether  plane  or  solid,  from  the 
vertex  or  summit  of  one  angle  to  that  of  another;  and  is  by 
some  authors  called  the  diameter,  and  by  others  the  diametral 
of  the  figure.  It  is  demonstrable,  I.  That  every  diagonal 
divides  a  parallelogram  into  two  equal  parts.  2.  That  two 
diagonals  drawn  in  any  parallelogram  bisect  eacli  other.  3.  A 
line  passing  through  the  middle  point  of  the  diagonal  of  a 
parallelogram,  divides  the  figure  into  two  equal  parts.  4.  The 
diagonal  of  a  square  is  incommensurable  with  one  of  its  sides. 
£>.  The  sum  of  the  squares  of  the  two  diagonals  of  every  paral- 
lelogram is  equal  to  the  sum  of  the  squares  of  the  four  sides. 
6.  In  any  trapezium,  the  sum  of  the  squares  of  the  four  sides  is 
equal  to  the  sumof  the  squares  of  the  two  diagonals,  together  with 
four  times  the  square  of  the  distance  between  the  middle  points  of 
the  diagonals.  7.  In  any  trapezium,  the  sum  of  the  scpiares  of 
the  two  diagonals  is  double  the  sum  of  the  squares  of  two  lines 
bisecting  the  two  pairs  of  opposite  sides.  8.  In  any  quadrila- 
teral inscribed  in  a  circle,  the  rectangle  of  the  two  diagonals 
is  equal  to  the  sum  of  the  two  rectangles  under  the  two  pairs 
of  opposite  sides.  9.  In  every  parallolopiped  the  sum  of  the 
squares  of  the  four  diagonals  of  the  solid,  is  equal  to  the  sum 
of  the  squares  of  its  twelve  edges.  H).  In  every  hexaijdron, 
regular  or  not,  the  sum  of  the  squares  of  the  twelve  edges,  plus 
the  sum  of  the  squares  of  the  twelve  diagonals  of  the  faces,  is 
equal  to  three  times  the  sum  of  the  squares  of  the  four  diago- 
nals which  cross  the  solid,  pins  four  times  the  sum  of  the 
squares  of  the  six  right  lines  which  join,  two  by  two,  the  mid- 


dle points  of  those  four  latter  diagonals.  II.  In  every  poly- 
gon, and  in  every  polyedron,  the  sum  of  the  squares  of  the 
lines  which  join,  tHO  by  two,  the  middle  points  both  of  sides 
and  diagonals,  is  the  quarter  of  the  sum  of  the  squares  of  those 
sides  and  diagonals  ;  multiplied  by  the  number  of  summits  of 
the  polygon  or  poljedron,  diminished  by  two  units.  12.  A 
farther  generalization  of  the  latter  property  leads  to  the  most 
celebrated  property  of  the  centre  of  gravity. 

DIAGRAM,  is  a  scheme  for  explanation  or  demonstration 
of  any  figure,  or  of  its  properties. 

DIAL,  or  Sun-Dial,  an  instrument  serving  to  measure  time, 
by  means  of  the  shadow  of  the  sun.  The  word  is  formed  from 
dies,  day,  because  indicating  the  hour  of  the  day.  The  ancients 
al>o  call  it  sciatliericum,  from  its  doing  it  by  the  shadow. 

Dial  is  more  accurately  defined,  a  draught,  or  description, 
of  certain  lines  on  a  plane,  or  surface  of  a  body  given,  so  con- 
trived as  that  the  shadow  of  a  stile,  or  ray  of  the  sun,  passed 
through  a  hole  therein,  shall  touch  certain  points  at  certain 
hours.  The  antiquity  of  dials  is  beyond  doubt.  Some  attri- 
bute their  invention  to  Anaximenes  Milesius,  and  others  to 
Thalcs.  Vitruvius  mentions  one  made  by  the  ancient  Chaldee 
historian  Berosus,  on  a  reclining  plane,  "almost  parallel  to  the 
equinoctial.  Aristarchus  Samius  invented  the  hemisphefical 
dial.  And  there  were  some  spherical  ones,  with  a  needle  for  a 
gnomon.  The  discus  of  Aristarchus  was  an  horizontal  dial, 
with  its  limb  raised  up  all  round,  to  prevent  the  shadows 
stretching  too  far.  It  was  late  ere  the  Romans  became 
acquainted  with  dials.  The  first  was  set  up  by  Papirius  Cur- 
sor, at  or  near  the  temple  of  Quirinus;  but  being  inaccurate 
about  30  years  after,  another  was  brought  out  of  Sicily  by  the 
consul  M.  Valerius  Mes.sala,  which  he  placed  on  a  pillar  near 
the  Rostrum;  but  neither  did  this  shew  time  truly,  because  not 
made  for  that  latitude;  and  after  using  it  99  years,  Marlins 
Philippus  set  up  another  more  exact. 

The  diversity  of  sun-dials  arises  from  the  different  sittiation 
of  the  planes,  and  from  the  difi'erent  figure  of  the  surfaces  upon 
which  they  are  described ;  whence  they  become  denominated 
er/uiuoctial,  lioiiznntal,  vertical,  polar,  direct,  erect,  declining, 
inclining,  reclining,  &.e. 

Universal  Dial.  There  are  several  kinds  of  dials  called 
universal,  because  they  serve  fur  all  latitudes.  One  of  a  very 
ingenious  construction  has  lately  been  invented  by  Mr.  G. 
Wright,  of  London.  The  hour  circle,  or  arch  E,  and  latitude 
arch  C,  are  the  portions  of  two  meridian  circles ;  one  fixed, 
and  the  other  moveable.  The  hour 
or  dial-plate  s  E  i  at  the  top,  is 
lixed  to  the  arch  C,  and  has  an  index 
that  moves  with  tlie  hour  circle  E; 
therefore  the  construction  of  this 
dial  is  perfectly  similar  to  the  con- 
struction of  the  meridians  and  hour- 
circles  upon  a  common  globe.  The 
peculiar  problems  to  be  performed 
by  this  instrument  are,  1.  To  find 
the  latitude  of  any  place.  2.  The 
latitude  of  the  place  being  known, 
to  find  tlie  time  by  the  sun  and  stars. 
3.  To  find  the  sun  or  stars  altitude 
and  azimuth. 

But  the  dial  being  properly  ad- 
justed, a  great  variety  of  astrono- 
mical and  trigonometrical  problems 
may  be  wrought  upon  it,  which, 
however,  our  limits  will  not  allow  of 
detailing;  we  must  therefore  refer 
the  reader  to  Jones's  "  Instrumental  Dialing,"  where  he  will 
find  ample  uifoniiation  on  this  subject. 

DIALING,  the  art  of  drawing  dials  on  the  surface  of  any 
given  body,  whether  plane  or  curved.  Dialing  is  wholly 
founded  on  the  first  motion  of  the  heavetijy  bodies,  and  cliielly 
the  sun;  or  rather  on  the  diurnal  motion  of  the  earth  ;  so  tliat 
the  elements  of  spherics,  and  spherical  trigonometry,  should  be 
understood  before  a  person  a<lvaiiecR  to  the  theory  of  dialing. 
The  edge  of  the  plane  by  which  the  time  of  the  day  i.s  found,  is 
eilled  the  stile  of  the  dial,  which  must  be  parallel  to  the  earth'* 
axis  ;  and  tlie  line  on  which  this  pUuie  is  erected,  is  called  the 
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Rubstile.     The  angle  included  between  the  snbslile  and  stile,  is 
called  the  "elevation  or  hcis;lit  of  the  stile,  as  in  the  next  figure. 

The  principles  of  dialiii'^ 
may  be  aptly  illustrated  by 
the  phenomena  of  a  hollow  or 
transparent  sphere,  as  of  slass. 
Thus  suppose  a  P  U  /)  to  repre- 
sent the  earth  as  transparent ; 
audits  tquator  asdivlded  into 
24  equal  parts  by  so  many 
meridian  semicircles  n,  b,  c,  il, 
e,  &ic.  one  of  which  is  the  gco- 
jrrapliical  meridian  of  any 
^;iven  place,  as  London,  which 
it  is  supposed  is  at  the  point 
a  ;  and  if  the  hour  of  12  were 
marked  at  the  C(iualor,  both 
upon  that  meridian  and  the  opposite  one,  and  all  the  rest  of 
the  hours  in  order  on  the  other  meridians,  those  meridians 
would  be  the  hour  circles  of  London ;  because,  as  the  sun 
appears  to  move  round  the  earth,  which  is  in  the  centre  of  the 
visible  heavens,  in  24  hours,  he  will  pass  from  one  meridian  to 
another  in  an  hour.  Then,  if  the  sphere  had  an  opaque  axis, 
as  PE;j,  terminating  in  the  poles  P  and  />,  the  shadow  of  the 
axis,  which  is  in  the  same  plane  with  the  sun,  and  with  each 
meridian,  would  fall  upon  every  particular  meridian  and  hour, 
when  the  sun  came  to  the  plane  of  the  opposite  meridian,  and 
would  consequently  shew  the  time  at  London,  and  at  all  other 
places  on  the  same  meridian.  If  this  sphere  were  cut  tbroujjh 
the  middle  by  a  solid  plane  A  B  C  D  in  the  rational  horizon  of 
London,  one  half  of  the  axis  E  P  would  be  above  the  plane, 
and  the  other  half  below  it;  and  if  straight  lines  were  drawn 
from  the  centre  of  the  plane  to  those  points  where  its  circuni 
ference  is  cut  by  the  hour  circles  of  the  sphere,  those  lines 
would  be  the  hour  lines  of  an  horizontal  dial  for  London;  for 
the  shadow  of  the  axis  would  fall  upon  each  particular  hour 
line  of  the  dial,  when  it  fell  upon  the  like  hour  circle  of  the 
sphere,  as  in  the  annexed  figure. 
If  the  plane  which  cuts  the 
sphere  be  upright,  as  A  F  C  G, 
touching  the  given  place,  for 
example,  London  at  F,  and  di- 
rectly facing  the  meridian  of 
London,  it  will  then  become  the 
plane  of  an  erect  direct  south 
dial ;  and  if  right  lints  be  drawn 
from  its  centre  E,  to  those  points 
of  its  circumference  where  the 
hour  circles  of  the  sphere  cut  it, 
these  will  be  the  hour  lines  of  a 
vertical  or  direct  south  dial  for 
London,  to  which  the  hours  are 
to  be  set  in  the  figure,  contrary 
to  those  on  an  horizontal  dial 

axis  will  cast  a  shadow  on  the  hour  of  the  day  in  this  dial,  at 
the  same  time  that  it  would  f;ill  upon  the  like  hour  circle  of  the 
sphere,  if  the  dial  plane  was  not  in  the  way. 

If  the  plane  still  facing  the  meridian,  be  made  to  incline  or 
recline,  any  number  of  degrees,  the  hour  circles  of  the  sphere 
will  still  cut  the  edge  of  the  plane  in  those  points  to  which  the 
hour  lines  must  be  drawn  straight  from  the  erntro ;  and  the 
axis  of  the  sphere  will  cast  a  shadow  on  these  lines  at  the 
respective  hour.  The  like  will  still  hold,  if  the  plane  be  made 
to  decline  by  any  number  of  degrees  from  th.e  meridian  towards 
the  east  or  west,  provided  the  decliniitiiin  be  less  than  UO 
degrees,  or  the  rcclination  be  less  than  the  co-latitude  of  the 
place,  and  the  axis  of  the  sphere  will  be  the  gnomon  ;  other- 
wise, the  axis  will  have  no  elevation  above  the  plane  of  the 
dial,  and  cannot  be  a  gnomon. 

Thus  it  appears  that  the  plane  of  every  dial  represents  the 
plane  of  some  great  circle  on  the  earth,  and  the  gnomon  of  the 
earth's  axis  ;  the  vertex  of  a  right  gnomon,  the  centre  of  the 
earth  or  visible  heavens;  and  the  plane  of  the  dial  is  just  as 
far  from  this  centre  as  from  the  vertex  of  this  stile.  The  earth 
itself,  eomi)ared  with  its  distance  from  the  sun,  is  considered 
as  a  point;  and,  therefore,  if  a  small  sphere  of  glass  be  placed 


and  the  lower  half  E/j  of  the 


upon  any  part  of  the  earth's  surface,  so  that  its  axis  be  parallel 
to  the  axis  of  the  earth,  and  the  sphere  have  such  lines  upon  it, 
and  such  planes  within  it,  as  above  described;  it  will  shew  the 
hours  of  the  day  as  truly  as  if  it  were  placed  at  the  earth's 
centre,  and  the  shell  of  the  earth  were  as  transparent  as  glass. 
7'o  describe  an  Horizontal  Dial,  geometricalli/,  as  in  the  an- 
nexed figure. —  Draw  a  Oicridian  line  KL,  (see  Meridian' 
Line,)  and  from  any  part  C,  erect 
J  the  perpendicular  C  D,  and  make 

the  angle  C  A  D  rz  to  the  latitude 
E   D  /  1/      1^  of  the  place,  and  draw  the  line  r/E, 

r-y>//|1?V.^  meeting  within  E.     Make   E  B  :r 

\0iO-k\^^  C  D,   and  from  the  centre  B,  with 

¥->\ — Aw      \.  radius   E  B,  describe    a  quadrant 

E  B  F,  which  divide  into  six  equal 
parts.     Through  E  draw  E  h  per- 
pendicular to  A  B.  From  the  centre 
B  through  the  several  subdivisions 
of  the  quadrant  E  F,  draw  the  line.i 
B  a,  B  6,  &e.  meeting  the  line  d  h 
in  the  points  a.  b.  r,  &e. 
From  E  draw  the  line  EA,  and  set  off  E  e,  F/,   Eg,  kc. 
respective  equal  to   E«,   V.b,   Er,  &c.     Through  the  point  A 
draw   the   lines  a\l,   bX.ciX,  Ike.    also   e  I,  f'll,  irIII,   See. 
which  will  be  the  several  hour  lines  required.     Then  at  A  erect 
the  gnomon  or  stile  at  an   angle  equal  to  the  elevation  of  the 
pole,  or  latitude  of  the  place,  and  the  dial  will  be  complete. 
To  compute  the  Anyles  of  the  Hour  Lines,  trigvnometrically. 
As  Radins 

Is  to  the  sine  of  the  latitude  of  the  place, 
So  is  tangent  of  sun's  distance  from  the  meridian. 
To  the  tangent  of  the  angle  from  the  meridian  on  the  dial. 
The  preceding  construction  and  computation  for  the  case  of 
a  horizontal  dial,  may  be  said  to  include  the  whole  theory  of 
dialing  ;  for  there  is  no  i)Iane,  however  obliquely  situated  with 
respect  to  any  given  place,  but  what  is  parallel  to  tlic  horizon 
of  some  other  place,  and  therefore,  if  we  find  that  other  place 
by  a  problem  on  the  terrestrial  globe,  or  by  a  trigonometrical 
<'alculation,  and  construct  a  horizontal  dial  for  it,  that  dial 
applied  to  the  plane  where  it  is  to  serve,  will  be  a  true  dial  for 
that  place. — Thus,  an  erect  direct  south  dial  in  51  J°  north  lati- 
tude, would  be  a  horizontal  dial  on  the  same  meridian,  90*' 
southward,  which  falls  in  with  38i°  south  latitude;  but  if  the 
upright  plane  declines  from  facing  the  south  at  the  given  place, 
it  would  be  a  horizontal  plane  90°  from  that  place ;  but  for  a 
difierent  longitude,  which  would  alter  the  reckoning  of  the  hours 
accordingly. 

A  Table  of  the  Angles  which    the  Hour-Lines  form    uilh   the 
IMeridian  on  a   Horizontal    Dial  for    everij    half  Degree    of 


Latitude,  from  50°  t 

)  59°  30 

• 

A. 

M. 

A. 

M. 

A. 

M. 

A. 

M. 

A. 

M. 

A.  H. 

•• 

\1. 

11. 

x. 

III. 

IX. 
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VIII 

V. 

^11. 
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11 
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21 
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37 
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71 

27 
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9 
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71 
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72 
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In  this  tabic,  the  angles  formed  by  (he  lines  for  V  in  the 
morning  and  VII  in  the  evening,  IV  iu  the  morning  and  VIII 
in  the  evening,  &c.  are  not  marked,  because  tliey  are  the  same 
as  those  for  VII  in  the  morning  and  Vin  tlie  evening,  VIII 
in  the  morning  and  IV  in  the  evening,  only  thej'  lie  on  oppo- 
^itc  sides  of  the  VI  o'clock  hour-lines,  as  was  shewn  in  the 
construction  of  the  horizontal  dial. 

The  use  of  the  table  may  be  easily  comprehenced  :  if  the 
place  for  which  a  horizontal  dial  is  to  be  made,  corresponds 
with  any  latitude  in  the  table,  the  angles  which  the  hour-lines 
make  with  the  meridian  may  be  seen  at  once.  For  example, 
it  appears  that  the  hour  lines  of  XI  and  I  must,  in  the  latitude 
of  50°,  make  angles  of  12^  32'  with  the  meridian.  If  the  lati- 
tude be  not  contained  in  tlie  table,  proportional  parts  may  be 
taken  without  any  sensihle  error.  Thus,  if  the  latitude  be 
54°  15',  and  the  angles  made  by  the  hour-lines  of  XI  or  I  he 
required,  as  it  appears  from  the  table  that  the  increase  of  30' 
in  the  latitude,  viz.  from  54°  to  54°  SC,  corresponds  to  an 
increase  of  4'  in  the  hour  angle  at  the  centre  of  the  dial,  we 
may  infer,  that  an  increase  of  15'  will  require  an  increase  of  2' 
nearly,  and  therefore  that  the  angle  required  will  be  12°  16'. 

DIALING-GLOBE,  an  instrument  of  brass  or  wood,  with  a 
plane  fitted  to  the  horizon,  and  an  index  so  contrived  as  to  give 
a  clear  illustration  of  the  scientific  principles  on  which  dials  ai  c 
constructed. 

DIALING-LINES,  or  Scales,  are  graduated  lines  placed 
on  rulers,  or  the  edges  of  quadrants  and  other  instruments,  for 
the  construction  of  dials.  These  are,  1.  A  scale  of  six  hours, 
w  hich  is  a  double  tangent,  or  two  lines  of  tangents,  each  of  15°, 
set  together  in  the  middle,  and  equal  to  the  line  of  sines,  with 
the  declination  set  against  the  meridian  altitudes  in  the  lati- 
tude of  the  place.  2.  A  line  of  latitudes,  fitted  to  the  hour- 
scale,  and  made  by  this  canon :  As  the  radius  ;  the  chord  of 
90°  :  :  the  tangents  of  each  respective  degree  of  the  line  of 
latitudes  :  tangents  of  other  arcs.  And  then  the  natural  sides 
of  these  arches  are  the  numbers,  which  taken  from  a  diagonal 
scale  of  equal  parts,  shall  graduate  the  divisions  of  the  line  of 
latitudes  to  any  radius.  The  lines  of  hours  and  latitudes  are 
general,  for  pricking  down  all  dials  with  centres.  The  other 
scales  are  particular,  and  give  the  several  requisites  for  upright 
declining  dials  by  inspection.  They  are,  I.  A  line  of  chords. 
2.  A  line  for  the  substile'.s  distance  from  the  meridian.  3.  A 
line  for  the  stile's  height.  4.  A  line  of  the  angle  of  12  and  C. 
6.  A  line  of  inclination  of  meridians. 

DIALING-SPHERE,  an  instrument  made  of  brass,  with 
several  semicircles  sliding  over  each  other  on  a  moveable 
horizon,  to  demonstrate  the  nature  of  spherical  triangles,  and 
to  give  the  true  idea  of  drawing  dials. 

DIAMETER,  in  Gcomelry,  the  line  which,  passing  through 
the  centre  of  a  circle,  or  other  curvilinear  figure,  divides  it,  or 
its  respective  ordinates,  into  equal  parts. 

Conjugate  Diameter  of  a  Conic  Section,  is  a  line  drawn 
through  the  centre  of  the  figure  to  its  sides,  and  the  shortest 
of  the  two  diameters  of  the  figure. 

Transverse  Diameter  of  a  Conic  Section,  is  a  line  drawn 
through  the  foci  to  the  curve. 

How  to  find  the  D]AMETER  of  Shot  or  Shells. — For  an  iron 
ball,  whose  diameter  is  given,  supposing  a  nine-pounder,  which 
is  nearly  four  inches,  say  the  cube  root  2  08,  (of  nine  pounds,) 
is  to  four  inches,  as  the  cube  root  of  the  given  weight,  is  to 
the  diameter  sought.  Or,  if  4  be  divided  by  2'08,  the  cube 
root  of  9,  the  quotient  1'923  will  be  the  diameter  of  one-pound 
shot,  which  being  continually  multiplied  by  the  cuhe  root  of  the 
given  weight,  gives  the  diameter  required.  Or  by  logarithms 
thus  :  If  the  logarithm  of  1-923,  which  is  2-83979,  be  constantly 
added  to  the  third  pan  of  the  logarithm  of  the  weight,  the  sum 
will  be  that  of  the  diameter.  Suppose  a  shot  to  weigh  24  Ihs. 
add  the  given  logarithm  -283979  to  -400070,  the  tiiird  part  of  the 
logarithm  1  3S02I12  of  -24,  the  sum  -7440494  will  be  the  loga- 
rithm of  the  diameter  of  a  shot  weighing  24  pounds,  which  is 
5-5468  inches.  If  the  weight  should  be  expressed  by  a  frac- 
tion, the  rule  is  the  same  ;  for  instance,  the  diameter  of  a 
pound  and  a  half  ball,  or  three  seconds,  is  found  hy  adding  the 
logarithm  -2839793  found  above,  to  0580971,  one-third  of  the 
logarithm  of  two-thirds  ;  the  sum  -3420704  will  be  the  logarithm 
of  the  diameter  required,  i.e.  2-2013  inches. 


Diameter  of  the  Planets,  &c.  in  Astronomy,  are  either  rea 
or  apparent.  The  real  diameters  are  the  absolute  measure  of 
them  in  miles,  &c.  and  their  apparent  diameters  are  the  angles 
under  which  they  appear  to  spectators  on  the  earth,  and  are 
therefore  different  under  different  circumstances  ;  viz.  accord- 
ing as  they  are  nearer  or  more  remote  from  the  earth.  As  these 
angles  are  very  small,  the  diameter  of  the  planet  may  be  con- 
sidered as  part  of  a  circle  of  which  the  earth  is  the  centre,  and 
they  are  said  to  contain  so  many  minutes,  seconds,  &c.  as  is 
measured  by  that  arc,  and  consequently  the  apparent  diameter 
of  a  planet  is  in  the  inverse  ratio  of  its  distance.  And  hence 
again,  the  apparent  diameters  and  distances  being  known, 
their  real  diameters  thence  become  determined. 

Table  of  the  Mean  and  Apparent  Diameters  of  the  Planets. 


Apparent  mean 
diameter,     as 
seen  from  the 
earth. 

Apparent 

diameter,  as 

seen  from 

the  sun. 

Meftn 

diameter    in 

English 

miles. 

Apparent 
diameter    of 

the  sun. 

seen  fromthe 

planets. 

1 

Proportional 
diameter. 

Sun 

32'     2" 

88-2269 

110  000 

Mercury 

ll"-8 

16" 

3124 

80" 

•4 

Venus  . . 

57"-9 

30" 

7702 

46' 

-9 

Earth  .  . . 

17 '-4 

7916 

3-2' 

1-0 

Mars  . .  . 

8"!.t4 

10" 

4398 

21' 

•5 

.Tupiter. . 

39" 

37" 

91.522 

6'-l 

11-6 

Saturn.  . 

18" 

16" 

70068 

3'-4 

9-8 

Uranus  . 

3"-54 

4" 

351 12 

1'6 

425 

Moon  .  . . 

31'  -2G"-5 

4"- 6 

2160 

32' 

•27 

DIAMOND,  see  Chemistry,  for  the  properties  of  the  dia- 
mond. There  are  various  kinds  of  diamonds,  as  the  Cornish, 
Rose  Arran,  &c.  but  these  are  inferior  to  the  diamonds  of 
Brazil;  and  these  last  to  the  gems  of  India.  Diamond,  in  the 
glass  trade,  is  an  instrument  used  for  cutting  glass,  in  which  is 
set,  iu  lead  or  silver,  a  crystal  or  gem  that  will  cut  glass. 

Diamond,  in  Heraldry,  expresses  the  black  ccloar  in  the 
achievements  of  peerage. 

Diamond  Mines  are  found  in  Brazil,  in  South  America  ;  and 
in  Golconda,  Visapour,  Bengal,  and  the  island  of  Borneo.  The 
diamond  can  only  he  cut  and  ground  by  itself  and  its  own  sub- 
stance. To  bring  it  to  that  perfection  which  augments  its  price 
so  considerably,  they  begin  by  ruhhing  several  against  each 
other  while  rough,  after  having  first  glued  them  to  the  ends  of 
two  wooden  Mocks,  thick  enough  to  he  held  in  the  hand.  It  is 
this  powder  thus  rubbed  off  the  stones,  and  received  in  a  little 
box  for  the  purpose,  that  serves  to  grind  and  polish  liie  stones. 
Diamonds  are  cut  and  polished  by  a  mill,  which  turns  a  wheel 
of  soft  iron  sprinkled  over  with  diamond  dust  mixed  with  oil  of 
olives.  The  same  dust,  well  ground  and  diluted  with  water 
and  vinegar,  is  used  in  the  sawing  of  diamonds,  which  is 
performed  with  an  iron  or  brass  wire,  as  fine  as  a  hair.  Some- 
times, in  lieu  of  sawing  the  diamonds,  they  clean  them,  espe- 
cially if  there  are  any  large  shivers  in  them. 

The  first  water,  in  diamonds,  means  the  greatest  purity  and 
perfection  of  their  complexion,  which  ought  to  be  that  of  the 
purest  water.  When  diamonds  fall  short  of  this  perfection, 
they  are  said  to  be  of  the  second  or  third  water,  &c.  till  the 
stone  may  be  properly  called  a  coloured  one  ;  for  it  would  be 
an  impropriety  to  speak  of  an  imperfectly-coloured  diamond, 
or  one  that  has  other  defects,  as  a  stone  of  a  had  water  only. 

For  the  valuation  of  diamonds  of  all  weights,  the  following 
rule  has  been  given.  First,  suppose  the  value  of  a  rough 
diamond  to  be  settled  at  £-2  per  carat  at  a  medium,  then  to 
find  the  value  of  diamonds  of  greater  weights,  multiply  the 
square  of  their  weight  by  2,  and  the  product  is  the  value 
required  :  e.g.  To  find  the  value  of  a  rough  diamond  of  two 
carats  ;  2  x  2  z:  4,  the  square  of  the  weight,  «  hich  multiplied 
by  2,  gives  £8,  the  true  value  of  a  rough  diamond  of  two 
carats.  For  finding  the  value  of  manufactured  diamonds,  we 
suppose  half  their  weight  to  be  lost  in  maniifarturing  (hem  ; 
and  therefore,  to  find  their  value,  we  must  miiliipls  the  square 
of  double  their  weight  by  2,  which  will  give  their  true  value  in 
pounds.  Thus,  to  find  the  vilue  of  a  wrouirht  diamond  weigh- 
ing two  carats ;  we  lirst  find  the  square  of  Jouble  the  weight, 
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VIZ.  4  X  4=  10;  tlicn  IG  X  2=  3-2.  So  that  the  (rue  value 
of  a  wrought  JiaiuDiid  of  two  carats  is  £32.  On  these  priiiei- 
ples  JeHries  lias  conslriictcd  tables  of  the  price  of  diamonds 
from  1  to  100  catals.  The  value  of  diamonds,  however, 
depends  so  mueh  on  imap;iiiation,  and  not  on  real  use,  that  no 
positive  rule  can  he  };iven.  In  the  very  large  diamonds, 
JelTries's  rule  will  he  far  from  the  truth. — Diamond  chemically 
analyzed,  is  found  lo  consist  of  pure  carbon,  that  is,  charcoal. 

Diamond,  lirilliunt,  is  that  which  is  cut  in  faces  at  the  top 
and  bottom  ;  and  whose  table,  or  principal  face  at  top,  is  Hat. 

Diamond,  Hose,  is  one  that  is  quite  flat  underneath,  with  its 
upper  part  cut  in  many  little  faces,  usually  triangles,  the  upper- 
most of  which  terminates  in  a  point. 

DIAN^  ARBOR,  or  Arbok  hvsig.,  in  Chemistry,  the  beau- 
tiful crystallizations  of  silver,  dissolved  in  nitrous  acid,  to 
which  some  quicksilver  is  added;  and  so  called  from  their  re- 
sembling the  trunk,  branches,  leaves,  &.c.  of  a  tree. — (6Ve  paqe 
53,  col.  2.) 

DIANTIIU.S,  a  genus  of  plants  belonging  to  the  class 
diaudria,  or  hermaphrodite  pliints,  as  the  clove  gilliflowcr, 
carnation,  pink,  swett-william,  &c. 

DIAPASON,  in  Music,  an  interval  that  expresses  the  octave 
of  the  Greeks,  or  a  rule  or  scale  whereby  musical  instrument 
makers  adjust  the  pipes  of  organs,  and  cut  the  holes  of  haut- 
boys, tlules,  &c.  in  due  proportion,  for  performing  the  tones, 
semitones,  and  concords,  with  precision. 

DIAPHRAGM,  in  Anatomy,  the  midriff,  a  strong  muscular 
substance  that  separates  the  breast  and  thorax  from  the  abdo- 
men, and  thus  portions  olf  the  abdominal  and  thoracic  viscera. 

DIARRHCEA,  or  LoosKNtss,  in  Medicine,  is  a  freiiueut  and 
copious  evacuation  of  licpiid  excrement  by  stool. 

DIARY,  a  journal  or  day-hook,  containing  an  account  of 
every  day's  proceedings. 

DIASTOLK,  in  Physic,  signifies  the  dilatation  of  the  heart, 
auricles,  and  arteries;  and  stands  opposed  to  the  systole,  or 
contraction  of  the  same  parts. 

DIATESSARON,  in  Music,  applied  by  the  Greeks  lo  that 
interval  which  we  call  a  fourth;  consisting  of  a  greater  tone,  a 
lesser  tone,  and  one  greater  semitone.  The  word  is  also  used 
for  the  four  gospels,  arranged  after  the  manner  of  a  harmony. 

DIBBLING,  in  Agriculture,  a  mode  of  setting  corn,  or  other 
seeds,  practised  with  advantage  in  places  where  labour  is 
cheap;  it  is  chielly  used  for  putting  wheat  crops  into  the 
ground.  The  practice  of  dibbling  was  hrst  introduced  into 
Norfolk,  about  twenty-five  years  ago.  The  method  of  dibbling 
is  this  :  when  the  land  is  ploughed  and  rolled,  a  man  with  an 
iron  dibble,  of  about  three  feet  long,  in  each  hand,  walking 
backwards,  makes  two  rows  of  holes  in  each  furrow,  at  about 
four  inches"  distance  from  each  other,  and  an  inch  or  two  deep. 
The  dibbler  is  followed  by  two  or  three  women,  or  children, 
who  drop  two  or  three  grains  into  eacli  hole.  The  field  is  alter- 
wards  bush-harrowed.  The  usual  quantity  of  seed  is  from  a 
bushel  and  a  half  to  two  bushels  per  acre,  and  the  cxpeiise  of 
labour  about  ten  shillings.  An  experienced  dibbler,  with  three 
active  attendants,  will  plant  half  an  acre  a  day,  making  six 
holes  In  every  foot  length. 

DICE,  among  gamesters,  certain  cubical  pieces  of  bone  or 
ivory,  marked  with  dots  on  each  of  their  faces,  from  one  to  six, 
according  to  the  number  of  faces.  Sharpers  have  several  ways 
of  falsifying  dice  :  1.  By  slicking  a  hog's  bristle  in  them  so  as 
to  make  them  run  high  or  low  as  they  please.  2.  By  drilling 
and  loading  them  with  quicksilver;  which  cheat  is  found  out 
by  holding  them  gently  by  two  diagonal  corners;  for  if  false 
the  heavy  sides  will  turn  down.  3.  Uy  filing  and  rouiuliiig 
them.  But  all  these  ways  fall  short  of  the  art  of  the  dice 
makers  ;  some  of  whom  are  so  dexterous,  that  sharping  game- 
sters will  give  any  money  for  their  assistance. 

DIET,  ill  Me<licine,  comprehends  the  whole  regimen  or  rucl 
of  life,  with  regard  to  the  six  non-naturals  ;  air,  meals  and 
drinks,  sleep  and  watching,  motion  and  rest,  passions  of  the 
mind,  retentions  and  excretions.  Or  it  may  merely  imply 
eating  and  drinking,  or  solid  aliments  and  liquids. 

DIETETICS,   the    Science   or   Philosophy    of  Diets:    that 

which  teaches  us  to  adnpt  parllcidar  foods  to  particular  organs 

of  digestion,  or  to  particular  states  of  the  same  organs  ;  so  that 

the  greatest  possible  portion  of  nutriment  may  be  extracted 
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from  a  given  quantity  of  nutritive  matter;  or  a  suOicient  por- 
tion may  be  obtained  with  the  least  possible  quantity  of  organic 
action  an<l  exhaustion. 

DIFFERENCE,  is  the  remainder,  after  taking  the  less  of 
two  quantities  from  the  greater. 

DiFFERiiNci;  of  Lonyitude  of  two  places,  is  an  arc  of  the 
equator  contained  between  the  meridians  of  those  places. 

DIFFERENTI.\L,  in  the  higher  Geometry,  is  an  infinitely 
small  quantity,  or  part  of  quantity,  .■■.o  small  as  to  be  less  than 
any  assignable  one,  and  is  thus  denominated,  because  it  is 
frequently  considered  as  the  difi'erence  of  two  quantities,  and 
as  such  is  the  foun(?alion  of  the  difi'erential  calculus. 

DlFl'iiUENTlAL  Calculus,  is  a  method  of  dillereneing  quanti- 
ties, or  of  finding  an  infinitely  small  quantity,  w  Inch  being  taken 
infinite  times  sliall  be  equal  to  a  given  quantity  ;  or  it  is  the 
arithmetic  of  the  infinitely  small  difl'erences  of  variable  quanti- 
ties; and  thus  dilfers  in  its  metaphysics  from  the  fluxional 
calculus,  those  quantities  which  in  the  former  are  considered 
as  inlinitcl>  small  difierences,  being  in  the  latter  supposed  to 
he  the  infinitely  small  or  momentary  increments  of  variable  or 
llo«  ing  quantities. 

DIGESTER.  The  digester  is  an  instrument  invented  by  Mr. 
Papin  about  the  beginning  of  the  last  century.  It  is  a  strong 
vessel  of  copper  or  iron,  with  a  cover  adapted  lo  screw  on  with 
pieces  of  felt  or  paper  interposed.  A  valve  with  a  small  aper- 
ture is  made  in  the  cover,  the  stopper  of  which  valve  may  be 
more  or  less  .loaded,  cither  by  actual  weights,  or  by  pressure 
from  an  apparatus  on  the  principle  nf  the  steelyard.  "The  pur- 
pnse  o:  this  vessel  is  to  prevent  the  loss  of  heat  by  evaporation. 
The  solvent  power  of  water  when  heated  in  this  vessel  is  greatly 
increased.  Papin's  digester  was  constructed  on  the  principle 
of  meclianical  pressure  being  necessary  to  elevate  fluids  to 
higher  temperatures  than  their  common  boiling  points. 

A   is   the   boiler;    B    the    lid,    fastened 

i^'^^~~~^^t!?s-.        <'"**'•'  l*y  four  screws  ;  C  a  valve  lo  allow 
U     XSi^paJ^       *'"^  escape  of  a  small  portion  of  steam,  lo 

rl  JJ^  e..®^'^^  prevent  the  bursting  of  the  app;:ratus  ;  D 
is  a  notched  lever,  on  which  a  weight  E 
hangs,  to  prevent  the  valve  from  rising 
by  a  slight  expansion  of  the  steam.  The 
weight  is  heavy  according  to  the  strength 
and  thickness  of  the  iroti  of  which  the 
digester  is  formed.  The  whole  apparatus 
is  generally  made  very  strong,  to  prevent  accidents.  Animal 
bones  are  dissolved  with  great  facility  in  these  digesters,  in 
order  that  the  gelatine  confined  in  them  may  be  converted  into 
rich  soups,  &c.  For  this  purpose,  they  have  been  mueh  used 
in  hotels,  coll'ee-houses,  and  family  establishments.  The  heat 
of  the  water  contained  in  this  apparatus,  is  so  intense  as  to 
melt  lead. 

DIGESTION,  in  Medicine,  is  the  dissolution  of  the  allmentg 
into  such  minute  parts  as  arc  fit  to  enter  the  lacteal  vessels  and 
circulate  with  the  mass  of  blood.  The  food  is  first  conveyed 
to  the  stomach,  where  by  means  of  the  gastric  juice  it  is  con- 
verted into  chyme.  The  chyme  passes  into  the  intestinal  canal, 
where  it  is  subji'cted  to  a  new  process,  being  gradually  decom- 
posed and  converted  into  chyle  and  exerementitious  matter, 
which  by  means  of  the  bile  are  separated  from  each  other. 
The  exeremenlilious  matter  is  evacuated,  but  the  chyle  is 
absorbed  by  the  lacteals,  and  conveyed  to  the  blood  vessels  by 
the  lungs. 

DIGGING,  among  miners,  the  operation  of  freeing  ore  from 
the  stratum  in  which  it  lies,  where  every  stroke  of  their  tools 
turns  to  account:  in  contradistinction  to  the  openings  made  in 
search  of  such  ore,  which  are  called  hatches  or  essay-hatches, 
and  the  operalion  itself,  tracing  of  mines,  or  hatching. 

DIGITS,  or  MoNADiis,  in  Arithmetic,  signify  any  integer 
under  10,  as  1 ,  2,  ;J,  4,  5,  0,  7,  8. '.). 

DIGGLE.S,  Leonard,  an  English  mathematician,  born  at 
Barham,  in  Kent,  and  educated  at  University  college,  Oxford, 
wrote  a  treatise  on  "  Surveying,"  "  Geometry,"  and  "  Prog- 
nostication everlasting  of  right  good  ElTect,"  or,  "  Choice 
Rules  lo  judge  the  Weather  by  Sun,  Moon,  and  Stars,"  &c. 
He   died  about  1.574. 

DiGC.LF.s,  Thomas,  son  of  the  preceding,  educated  at  Oxford, 
after  w  hieh  he  became  muster-master-gencral  of  the  forces  scut 
.M 
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l)>  (|iiten  Eiizhbelh  to  the  Netherlands.  He  wrote  some  mili- 
tary pieces,  and  some  on  astrouoniy,  and  otber  subjects  of 
luatliematics.     He  died  in  1595. 

DIGIT,  in  Arithmetic,  signifies  any  one  of  the  ten  numerals, 
1,  2,  3,  4,  5,  6,  7,  8,  9, 0.  The  word  comes  from  dif/iius,  a  finger  ; 
thus  indicating  the  humble  means  originally  employed  in  com- 
putations. Digit,  is  also  a  measure  equal  to  three-fourths  of 
an  inch. 

Digit,  in  Astronomy,  is  the  measure  by  which  we  estima.e 
the  quantity  of  an  eclipse.  The  diameter  of  the  sun  or  moon's 
disc  is  conceived  to  be  divided  into  12  equal  parts,  called  digits  ; 
and  according  to  the  number  of  those  parts  or  digits  which  are 
obscured,  so  many  digits  are  said  to  be  eclipsed.  When  the 
luminary  is  wholly  covered,  the  digits  eclipsed  are  precisely 
12  ;  and  when  it  is  more  than  covered,  as  is  frequently  the  case 
in  luuar  eclipses,  then  more  than  12  digits  are  said  to  be 
eclipsed. 

DIKE,  or  DvKF.,  a  ditch  or  drain;  and  also  a  work  of  stone, 
timber,  or  fascines,  raised  to  oppose  the  passage  of  the  waters 
of  the  sea,  a  lake,  river,  or  the  like. 

DILAl'IDATION,  is  where  an  incumbent  of  a  church  living 
sufl'ers  the  parsonage-house  or  out-houscs  to  fall  down,  or  be 
in  decay  for  want  of  necessary  reparations;  or  it  is  the  pulling 
down  or  destroying  any  of  the  houses  or  buildings  belonging 
to  a  spiritual  living,  or  destroying  of  the  woods,  trees,  &c.,  ap- 
pertaining to  the  same ;  for  it  is  said  to  extend  to  committing 
or  sufl'ering  any  wilful  waste,  in  or  upon  the  inheritance  of  the 
church. 

DIMENSION,  in  Geometry,  is  either  length,  breadth,  or 
thickness.  Thus  a  line  has  only  one  dimension,  lejigth  ;  a  sur- 
face two,  length  and  breadth  ;  and  a  body  or  solid,  length, 
breadth,  and  thickness. 

Dimension  of  an  Equation,  or  any  other  quantity  in  Algebra, 
is  used  with  regard  to  the  highest  power  that  enters  into  its 
composition  ;  thus  an  equation  is  said  to  be  of  one,  two,  three, 
&c.  dimensions,  according  as  it  involves  the  simple  quantity, 
the  square,  cube,  &c. ;  so  that  a  simple  equation  is  of  one 
dimension,  a  quadratic  of  two,  a  cubic  of  three.  Sec. 

DIMINUTION,  in  Architecture,  a  contraction  of  the  upper 
part  of  a  column,  by  which  its  diameter  is  made  less  than  that 
of  the  lower  part. 

Diminution,  in  Law,  where  the  plaintiff  or  defendant  in  a 
writ  of  error,  alleges,  on  an  appeal  to  a  superior  court,  that 
part  of  the  record  is  omitted,  and  remains  in  the  inferior  court 
not  certified ;  whereon  he  prays  that  it  may  be  certified  by 
certiorari. 

Diminution,  in  Music,  when  there  are  several  words,  which 
are  to  make  tones,  and  several  quick  motions  in  a  cadence, 
several  quavers,  semiquavers.  Sec,  corresponding  to  a  crotchet 
or  minim,  as  when  a  semibreve  is  divided  into  two  minims,  four 
crotjChcts,  Sec. 

DIMINUTIVE,  in  Grammar,  a  word  formed  from  some 
other,  to  diminish  the  force  of  it,  or  to  signify  a  thing  is  little  in 
its  kind.     Thus  Hal  is  a  diminutive  of  Henry. 

DINOCRATES,  a  celebrated  Macedonian  architect,  who 
flourished  in  the  time  of  Alexander. 

DIOCESE,  the  circuit  of  every  bishop's  jurisdiction.  For 
this  realm  hath  two  sorts  of  divisions  ;  one  into  shires  or  coun- 
ties, in  respect  to  the  temporal  state  ;  and  another  into  pro- 
vinces, in  regard  to  the  ecclesiastical  state,  which  provinces 
are  divided  into  dioceses.  The  provinces  are  two,  Canterbury 
and  York  ;  whereof  Canterbury  includes  twenty-one  dioceses, 
or  sees  of  suffragan  bishops ;  and  York  three,  besides  the 
bishopric  of  the  Isle  of  Man,  which  was  annexed  to  the  pro- 
vince of  York  by  king  Henry  the  Eighth. 

DION^A  MUSCEPULA,  or  Vemis's  Fly-Trap,  m  Botany, 
a  sensitive  plant,  in  the  construction  of  which  nature  seems  to 
have  had  some  view  towards  its  nourishment,  in  forming  the 
npper  joint  of  its  leaf  like  a  machine  to  catch  food  ;  and  placing 
upon  the  middle  of  it  the  bait  for  the  insect  that  becomes  its 
prey.  The  plant  is  of  the  monogynia  order,  in  the  dccandria 
class.  It  grows  in  America,  in  wet  shady  places,  and  flowers 
in  July  and  August ;  the  glands  of  those  exposed  to  the  sun  are 
of  a  beautiful  red  colour,  but  those  in  the  shade  are  of  a  pale 
green.  The  roots  are  squamous,  sending  forth  few  fibres,  and 
ere  perennial.    The  leaves  are  numerous,  and  placed  in  a  cir- 


cular order,  jointed  and  succulent  ;  the  upper  joints  consist  of 
two  lobes,  of  a  semi-oval  form,  with  the  margins  furnished  with 
stiff  hairs,  which  lock  in  each  other  when  they  close  ;  the  upper 
surfaces  of  these  lobes  are  covered  with  red  glands,  each  of 
which  appears,  when  highly  magnified,  like  a  compressed 
arbutus  berry.  The  stalk  is  about  six  inches  high,  round, 
smooth,  and  without  leaves,  ending  in  a  spike  of  fiowers,  milk- 
"hite,  and  standing  on  footstalks,  at  the  bottom  of  which  is  a 
little  painted  bractea  or  flower-leaf. 

DIONYSIUS,  an  ancient  geographer,  supposed  to  have 
nourished  in  the  time  of  the  first  Au'iustus  Cajsar. 

DIOPHANTINE  Analysis,  or  Problems,  in  Algebra,  arc 
certain  questions  relating  to  square,  cube,  &c.  numbers,  and 
rational  right-angled  triangles ;  the  properties  of  which  were 
first  discussed  by  Diophantus,  in  his  "  Arithmetic." 

DIOPTRICS,  or  Anaclastics,  the  doctrine  of  refracted 
vision,  which  investigates  and  explains  the  effects  of  light 
refracted  by  passing  through  dill'erent  mediums,  as  air,  water, 
glass.  Sec.  and  particularly  lenses.     See  Refraction  and  Lens. 

DIP  of  the  Horizon,  is  an  allowance  made  in  all  astrono- 
mical observations  of  altitude  for  the  height  of  the  eye  above 
the  level  of  the  sea. 

DIPHTHONG,  in  Grammar,  a  double  vowel,  or  the  mixture 
of  two  vowels  pronounced  together  so  as  to  make  one  syllable. 

DIPLOMATICS,  a  word  derived  from  diploma,  in  this 
instance  signifying  the  king's  letters  patent,  for  the  immediate 
expediting  of  an  ambassador  or  envoy  to  a  foreign  court.  The 
art  of  diplomatics  has  been  cultivated  with  great  assiduity  by 
every  nation  in  Europe  for  very  many  years  past,  and  men 
experienced  in  political  history,  of  engaging  manners,  and 
possessing  a  considerable  share  of  duplicity,  have  always  been 
selected  by  each  to  practise  it. 

DIPPING,  among  Miners,  signifies  the  interruption  of  a 
vein  of  ore  ;  an  accident  that  gives  them  a  great  deal  of  trouble 
before  they  can  discover  the  ore  again. 

DIPPING  NEEDLE,  or  Inclinatory  Needle,  a  magneti- 
cal  needle,  so  hung,  as  that,  instead  of  playing  horizontally,  and 
pointing  north  and  south,  one  end  dips  or  inclines  to  the  hori- 
zon, and  the  other  points  to  a  certain  height  above  it,  as 
shewn  in  the  following  results  of  several  of  the  most  accurate 
experiments  that  have  yet  been  made  on  this  subject. 


latitudes 

longitudes 

DIP  oftlieKORTH 

DATES  of 

Norlh. 

East. 

END  of  the  NEEDLE. 

Observation. 

53°  55' 

193°  39 

69°    10' 

1778 

49     3G 

233     10 
West. 

72     29 

52     24 

83     30 

79     17 

1775 

44       5 

8     10 

71     34 

1776 

38     53 

12       I 

70     30 

34     57 

14       8 

66     12 

29     18 

If)       7 

62     17 

24     24 

18     11 

59       0 

20     47 

19     36 

66     15 

15       8 

23     38 

51       0 

12       1 

23     35 

48     26 

10       0 

22     52 

44     12 

3      2 

20     10 

37     25 

South. 

0       3 

27     38 

■30       3 

4     40 

30     34 

22     15 

7      3 

.33     21 

17     57 

1 1     25 

34     24 

9     15 

East. 

South  and  below. 

IG     43 

208     12 

29     28 

19     28 

204     11 

41       0 

21       8 

185       0 

39       1 

1777 

35    55 

18     20 

45     37 

1774 

41       5 

174      13 

63     49 

1777 

45     47 

1G6     18 

70       3 

1773 

The  inventor  of  tfiis  instrument  was  one  Robert  Norman,  a 
compass  maker,  of  Wapping,  about  the  year  1576. 
Some  have  endeavoured  to  find  the  latitude  and  longitude  ct 
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places  by  means  of  tlic  dipping  needle,  particularly  Burrowes, 
Gilbert,  liund,  Whiston,  ice.  ;  but  as  nothius  of  importance 
followed  from  tlieir  attempts,  it  would  be  useless  to  enter  upon 
any  explanation  of  their  particular  methods  in  this  place. 
But  the  following  general  rule  may  be  adopted  : — In  order  to 
find  the  longitude  or  latitude  by  the  dipping  needle.  If  the 
lines  of  e(|ual  dip,  below  the  horizon,  be  drawn  on  maps,  or 
sea  charts,  from  good  observations  it  will  be  easy,  from  the 
longitude  known,  to  find  the  latitude;  and  from  the  latitude 
known,  to  find  the  longitude.  Suppose,  for  example,  you  were 
travelling  or  sailing  along  the  meridian  of  London,  and  found 
the  angle  of  dip,  with  a  needle  of  one  foot,  to  be  75°,  the  chart 
will  shew,  that  this  meridian  and  the  line  of  dip  meet  in  the 
latitude  of  53°  11';  which  therefore  is  the  latitude  sought. 
Or  suppose  you  were  travelling  or  sailing  along  the  parallel  of 
London,  i.  e.  in  51°  32*  north  latitude,  and  you  find  the  angle  of 
dip  to  be  74°.  This  parallel,  and  the  line  of  this  dip  will  meet 
in  the  map  in  1°  46'  of  east  longitude  from  London,  which  is 
therefore  the  longitude  sought. 

DIRECT,  a  terra  frequently  used  in  Arithmetic,  Astronomy, 
Optics,  &CC.  to  denote  some  peculiar  condition  or  circumstance, 
as  Direct  Proportion,  Ratio,  Rays,  Vision,  &c.  for  which  see  the 
respective  substances. 

IJluEcr,  in  Astronomy.     See  Conseol'Enti a. 

Direct  Dial,  is  one  which  points  directly  to  any  one  of  the 
four  cardinal  points,  and  is  hence  called  direct  east,  west,  north, 
orMut/irfiff/,  according  to  the  point  towards  which  it  is  directed. 

Direct  Sphere.     See  Right  Sphere. 

DIRECTION,  in  Astronomy,  the  motion  and  other  pheno- 
mena of  a  planet  when  direct. 

Xinc  of  Direction,  in  Gunnery,  is  the  direct  line  in  which 
the  piece  is  pointed  ;  and,  in  Mechanics,  the  same  term  implies 
the  line  in  which  a  body  moves,  or  in  which  a  force  is  applied. 
When  two  conspiring  forces  act  on  a  body  at  the  same  time, 
the  angle  included  between  the  lines  of  their  direction  is  called 
the  anffle  of  direction. 

Number  of  Direction,  in  the  Calendar,  is  the  number  of 
-  avs  that  Septuagesima  Sunday  falls  after  the  seventeenth  day 
of  January. 

Quantity  of  Direction,  in  Mechanics,  is  a  term  sometimes 
used  to  denote  what  is  more  commonly  called  Momentum. 

DIRECTLY,  is  used  in  nearly  the  same  sense  as  direct ; 
thus  we  say,  quantities  are  directly  prO])ortional,  which  is  only 
another  way  of  stating  them  to  be  in  direct  proportion;  and 
in  Mechanics,  one  body  is  said  to  impinge  directly  upon 
another,  when  the  former  strikes  the  latter  perpendicular  to  its 
surface. 

DIRECTRIX,  in  the  Conic  Sections,  is  a  certain  right  line 
perpendicular  to  the  axis  of  the  curve,  and  frequently  referred 
to  in  treating  of  the  properties  of  those  figures,  from  the 
description  of  them  in  piano. 

Directrix,  or  Diriymt,  is  also  that  line  or  plane  alonn- 
which  another  line  or  plane  is  supposed  to  move,  in  the  gene- 
ration of  a  surface  or  solid. 

DISABLED,  the  state  of  a  ship  when,  by  the  loss  of  her 
masts,  sails,  yards,  or  rigging,  by  springing  a  leak,  receiving 
some  fracture  in  the  hull,  or  other  disaster,  she  is  rendered 
incapable  of  prosecuting  her  voyage  without  great  dilhcolty 
and  danger. 

DISC,  the  face  of  the  sun  or  moon,  as  either  luminary 
appears  to  the  naked  eye. 

Disc,  in  Optics,  is  the  width  of  the  aperture  of  telescope 
glasses,  whether  plane,  convex,  concave,  &c. 

DISCHARGE  of  Fluids,  through  apertures  in  the  sides 
and  bottoms  of  vessels,  is  a  subject  which  has  engaged  the 
attention  both  of  theorists  and  experimentalists  ;  and  may  be 
considered  under  either  point  of  view.  We  shall  first  state  the 
principal  propositions  in  the  theoretical  part  of  the  subject, 
and  then  give  some  of  the  most  remarkable  and  accurate 
experiments,  by  Bossut,  Vcnturi,  Eytelwein,  Vince,  Young, 
Leslie,  &c. 

1.  If  a  (liiid  runs  through  a  pipe  or  tube  of  an  uniform  shape, 
equal  ((uanlities  of  it  will  pass  through  every  parallel  section 
of  the  tube.  This  is  evident,  because  the  same  quantity  ol 
fluid  must  pass  through  the  same  section  in  the  same  time. 
But  though  the  water  runs  with  the  same  velocity  through 


every  section  of  the  tube,  it  does  not  run  «ith  equal  velocity 
through  every  part  of  the  same  section.  Its  niotio>i  is  swiftest 
towards  the  middle,  and  slower  towards  the  sides  of  the  tube, 
where  it  is  retarded  by  friction. 

2.  Ifalluid  runs  through  a  tube  or  pipe,  kept  constantly 
full  by  means  of  a  proper  supply,  but  which  is  not  of  uniform 
shape  ;  then  the  velocity  of  the  fluids,  in  different  sections,  will 
be  inversely  as  the  areas  of  the  sections.  For  since  the  tube 
is  always  full,  the  same  quantity  of  water  must  pass  through 
every  section  of  it  in  the  same  lime  ;  but  if  the  area  of  one 
section  be  half  as  great  as  the  area  of  another  section,  the 
same  quantity  of  water  cannot  pass  through  both  sections  at 
the  same  time,  unless  it  pass  through  the  former  section  with 
double  the  velocity  with  which  it  passes  through  the  latter.  If 
the  area  of  the  former  section  be  one-third,  or  one  fifth,  of  the 
area  of  the  latter,  the  same  (piantity  of  water  must  pass  through 
the  former  with  a  velocity  which  is  three  times,  or  five  times, 
the  velocity  with  which  it  passes  through  the  latter.  Hence 
the  velocities  must  be  inversely  as  the  areas  of  the  sections. 

3.  If  a  fluid,  flowing  through  a  small  orifice  in  the  bottom  of 
a  vessel,  be  kept  constantly  full  by  an  uniform  supply  at  the 
top,  the  velocity  of  the  discharging  fluid  will  be  equal  to  that 
acquired  by  a  heavy  body  in  falling  freely  through  the  height  of 
the  surface  of  the  fluid  above  the  orifice. 

^  Let  .M  N  O  P  represent  a  vessel  filled 

with  a  non-elastic  fluid  up  to  the  level  of 
IK;  MP,  the  bottom  in  which  is  the 
aperture  C  D  (very  small  in  comparisou 
with  MP),  CIKD  the  column  of  the 
fluid  standing  directly  above  the  aperture, 
and  C  X  U  D  the  lowest  lamina  of  the 
fluid  immediately  contiguous  to  the  aper- 
ture. Also  let  I'  denote  the  velocity  which 
a  heavy  body  would  acquire  in  falling 
freely  through  B  D,  the  height  of  the 
^     ^  lamina  ;  and  V  the  velocity  acquired  by 

the  same  lamina  during  its  descent 
through  the  same  space  until  it  is  discharged  by  the  pressure 
of  the  column  CIKD.  If  we  .suppose  the  lowest  lamina  of 
fluid  AC  D  B,  to  fall  as  a  heavy  body  through  the  heisht  B  D, 
its  moving  orifice  will  be  its  own  weight.  Again,  suppose  it 
to  be  accelerated  by  its  own  weight,  together  with  the  pres- 
sure of  the  ambient  fluid,  about  the  column  CIKD;  rir.  by 
the  weight  of  the  column  CIKD  through  the  same  space ; 
that  is,  while  it  is  accelerated  from  quiescence  until  it  is 
actually  discharged  :  then  the  velocity  in  the  former  case  will 
be  to  that  in  the  latter,  as  the  moving  forces  and  the  times  in 
which  they  act  directly,  and  the  quantities  of  matter  moved 
inversely.  But  the  moving  forces  are  to  each  other,  as  the 
heights  B  D  and  K  D  ;  the  times  in  which  they  act  are  inversely 
as  the  velocities,  the  space  through  which  tlic  body  is  accele- 
rated being  given ;   and  the  quantities  of  matter  moved  are 

BD      KD 


equal ;  therefore  i> :  V  : : 


whence  v' :  V' : :  B  D  : 


KD,  orv:  V::  V  BD:  V  BD. 

Now  t!  is  the  velocity  which  a  heavy  body  would  actually 
acquire  in  falling  through  the  space  B  D  ;  consequently  V,  the 
velocity  of  the  discharging  fluid,  is  that  which  a  heavy  body 
would  acquire  in  falling  through  K  D,  the  whole  altitude  of  the 
fluid  above  the  orifice. 

4.  In  the  same  manner  it  may  be  shown 
that  if  a  pipe  be  inserted  horizontally  in 
the  vessel  M  N  O  P  the  plate  of  fluid 
ACB  will  be  discharged  with  the  same 
velocity  as  before  (if  its  centre  of  pres- 
sure be  of  the  same  depth),  whatever  be 
the  thickness  of  the  plate ;  this  velocity 
not  depending  upon  a  continual  accele- 
ration through  the  length  of  ihe  tube, 
otherwise  tlie  efiluent  fluid  could  not 
attain  its  full  velocity,  until  a  column  had  In  t  n  discharged 
whose  base  is  equal  to  the  orifice,  and  height  equal  to  the 
length  of  the  tube  ;  whereas  we  find  by  experience,  that  this 
lull  velocity  can  be  attained  by  the  thinnest  plate  which  can  be 
let  escape  from  the  aperture. 
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5.  The  velocities  and  qnantilies  di.sLliaig;ecl  at  different 
depths,  are  as  the  square  roots  of  the  depths. 

6.  The  quintity  run  out  in  any  time  is  eipial  to  a  cylinder, 
or  prism,  whose  base  is  the  area  of  the  orihcc,  and  its  alti- 
tudes the  space  described  in  that  time  by  the  velocity  acquired 
by  falling  tluouf;h  the  height  ot"  the  lluid.  So  that  if  /(  denote 
the  height  of  the  tluid,  «  the  area  of  the  aperture,  r/  =  3-2J  Jth 
feet,  or  386  inches,  and  t  the  time  of  elHux,  we  shall  have,  for 
the  quantity  discharged,  Q  =.  a  t  ^  2//  A, —or. 

When  ffl  and  It  are  expressed  in  feet,  Q  =:  8-0208  at  ^  h  feet. 

When  a  and  h  are  expressed  in  inches,  Q  =:  27-7387  at  ^  h 
inch. 

If  the  orifice  is  a  circle  whose  diameter  is  d,  then  0-785398  ri= 
must  be  substituted  for  a  ; 

And  when  d  and  h  are  expressed  in  feet,  Q  —  6-2995'2rf  v'  h 
feet. 

When  d  and  h  are  expressed  in  inches,  Q  zz.  21-78592  rf  1'  sj  h 

inches. 

And  from  either  of  these  it  will  he  easy  to  find  either  a,  t,  or  A, 
when  the  other  three  quantities  are  given. 

7.  The  force  with  which  the  ellluent  water  impinges  against 
any  qniesecnt  body,  is  proportional  to  the  altitude  of  the  fiuid 
above  the  orifice.  For  the  force  is  as  the  velocity  multiplied 
by  the  quantity  of  matter  ;  but  the  quantity  discharged,  in  a 
given  time,  is  as  the  velocity  ;  therefore  the  force  is  as  the 
square  of  the  velocity  ;  that  is,  by  the  demonstration  of  the 
proposition,  (art.  3.)  as  the  height  of  the  (luid. 

8.  The  water  spouts  out  with  the  same  velocity  whether  it  be 
downwards,  or  upwards,  or  sideways  ;  because  the  pressure  of 
Huids  is  the  same,  in  all  directions,  at  the  same  depth. 

9.  When  a  vessel  is  left  to  discharge  itself  gradually,  through 
an  orifice  in  its  bottom,  if  the  area  of  the  section  parallel  to  the 
bottom  be  every  wliere  the  same,  the  velocity  of  the  surface  of 
the  fluid,  and  consequently  the  velocity  of  the  efilnx,  will  be 
uniformly  retarded.  For  (by  prop.  2.)  the  velocity  of  the 
descending  surface  is  to  the  velocity  at  the  surface,  as  the  area 
of  the  orifice  to  the  area  of  the  surface,  which  is  a  constant 
ratio;  consequently,  the  velocity  of  the  descending  surface 
varies  as  the  velocity  at  the  orifice,  or  as  the  square  root  of  A ; 
that  is,  the  velocity  of  the  descending  surface  varies,  as  the 
square  root  of  the  space  which  it  has  to  describe :  so  that  this 
exactly  corresponds  with  the  case  of  a  body  projected  perpen- 
dicularly upwards,  where  the  velocity  is  as  the  sc|uare  root  of 
the  space  to  be  described  :  whence,  as  the  retarding  force  is 
constant  in  the  instance  referred  to,  it  must  also  be  constant  in 
the  case  before  us,  and  the  retardation  uniform.  From  this 
comparison  we  deduce  the  following  obvious  corollaries.  The 
quantities  of  water  in  a  prismatic  vessel,  discharged  through 
an  aperture  in  the  bottom,  decrease  in  equal  times;  as  the 
scries  of  odd  numbers  1,  3,  5,  7,  9,  &c.  taken  in  an  inverted 
order.  The  quantity  of  water  contained  in  an  upright  prismatic 
vessel,  is  half  that  which  would  be  discharged  in  the  time  of 
the  entire  gradual  evacuation  of  the  vessel,  if  the  water  be  kept 
always  at  the  same  altitude. 

10.  If  upon  the  altitude  of  the  fluid  in  a  vessel,  as  a  diame- 
ter, we  describe  a  semi-circle,  the  horizontal  space  described 
by  the  Quid  spouting  from  a  vertical  orifice,  at  any  point  in  the 
diameter,  will  be  as  the  ordinate  of  the  circle  drawn  from  that 
point;  the  horizontal  space  being  measured  on  the  plane  of 
the  bottom  of  the  vessel.  When  the  aperture  is  vertical,  and 
indefinitely  small  (as  supposed  here),  the  fiuid  will  spout  out 
horizontally  with  the  velocity  due  to  the  altitude  of  the  lluid 
above  the  orifice  (by  prop.  3) ;  and  this  velocity,  combined  with 
the  perpendicular  velocity  arising  from  the  action  of  gravity, 
will  cause  every  particle,  and  consequently  the  whole  jet,  to 
describe  the  curve  of  a  parabola.  Now  the  velocity  with  which 
the  fluid  is  expelled   from  any  ^  g 

hole,  as  G,  is  such  as  if  uni- 
formly preserved  would  carry  a 
particle  through  a  space  equal 
to  21iG,  in  the  time  of  the  fall 
through  BG;  but,  after  quitting 
the  orifice,  it  describes  the  para- 
bolic curve,  and  arrives  at  the 
horizontal  plane  C  F  in  the  same 
time  as  a  body  would  fall  freely 


~^ 

\„ 

'^^ 

^ 

I 

Vk 

p 

s 



<\~ 

\ 

c 

: 

) 

K 

F 

through  G  D  ;  so  that  to  find  the  distance  D  E,  since  the  times 
are  as  the  roots  of  the  spaces,  we  have  this  analogy  ;^  G  B: 

2BG.v'GD  

^GD::2BG:  DE=  — T/Gli =  2  V  BG.  GD  =  2G  H, 

by  the  nature  of  the  circle.  And  the  same  will  hold  with 
respect  to  any  other  point  in  B  D.  If  the  apertures  be  made  at 
equal  distances  from  the  top  and  bottom  of  the  vessel  (kept 
full  of  fluid),  the  horizontal  distances  to  which  the  water  will 
spout  from  these  apertures  will  be  equal.  For  when  D  </  ^  B  G, 
we  shall  have  2  ^/  liff  .  ^  D  rr  2  V  15  G  .  G  D,  and  consequently 
D  E  the  same  in  both  cases.  When  the  orifice  is  at  the  point 
bisecting  the  altitude  of  the  fluid  in  the  vessel,  the  fluid  will 
spout  to  the  greatest  distance  on  the  horizontal  plane;  and 
that  distance,  if  measured  on  the  plane  of  the  bottom  of  the 
vessel,  will  be  equal  to  the  depth  of  the  fluid  in  it.  For  I  K, 
the  ordinate  from  the  centre  I,  is  the  greatest  which  can  be 
drawn  in  the  semi-circle,  and  D  F,  which  is  ::::  2  I  K,  is  then  := 
2  B  I  =:  B  D. 

We  have  already  extended  this  article,  and  therefore  must 
be  very  brief  in  staling  the  results  of  the  principal  experiments 
that  illustrate  this  interesting  inquiry.  With  respect  to  the 
quantity  of  lluid  discharged,  Bossut's  experiments,  made  with 
peculiar  accuracy,  demand  particular  notice.  They  are  ex- 
pressed in  the  following  table,  which  exhibits  the  quantity  of 
fluid  discharged  through  orifices  pierced  in  thin  plates ;  in 
measures  of  the  Paris  foot  royal,  which  is  to  the  English  fool, 
as  1060  to  1000. 


Constant    Allilude    of 
the  Water  in  the  Re- 
servoir      above      the 
Aperture,     in    Paris 
Feet. 

Tlieoreiical  Discharges 
in  one  Minule  through 
a  circular  Apertiire  of 
Tin.  expressed  in  Cu- 
bic Inches. 

P.eal  Discharges  in  the 
'1  ime      throub'h      the 
same  Orifice,  expres- 
sed   also     in     Cubic 
Inches. 

1 

4381 

2723 

o 

6196 

3846 

;i 

7589 

4710 

4 

8763 

5436 

5 

9797 

6075 

0 

10732 

6654 

7 

1 1592 

7183 

8 

12392 

7072 

9 

13144 

8135 

10 

13855 

8574 

11 

14530 

8990 

12 

15180 

9384 

13 

15797 

9761 

14 

10393 

10130 

15 

10968 

10472 

The  following  is  another  set  of  experiments  made  by  tho 
same  author  with  different  apertures  ;  in  which  the  water  was 
kept  constantly  at  the  altitude  of  eleven  feet,  eight  inches,  ten 
lines,  from  the  centre  of  each  aperture 

Cubic  Incl-.es 

furnished  in 

Eipcriments.  ,.  ,.  One  Minute. 

1.  Horizontal  circular  aperture,  6 lines  diameter,. .     2311 

2.  Circular  horizontal  aperture,  1  inch  diameter,. .     9281 

3.  Ciicular  horizontal  aperture,  2  inch  diameter,. .   3721)3 

4.  Rectangular  horizontal  aperture,  1  in.  3  lines,..     2933 

5.  Square  horizontal  aperture,  1  inch 11817 

0.  Square  horizontal  aperture,  2  inches, 47361 

Constant  height  of  water  9  feet. 

7.  Lateral  circular  aperture,  6  lines  diameter,.. 

8.  Lateral  circular  aperture,  1  inch  diameter,  ,. 

Constant  height  of  w  ater  4  feet. 

9.  Lateral  circular  aperture,  6  lines  diameter,  . . 

10.  Lateral  circular  aperture,  1  inch  diameter,  .. 

Constant  height  of  water  7  lines. 

11.  Lateral  and  circular  orifice,  1  inch  diameter. 


2018 
8135 

1.353 
5436 

628 


From  these  experiments  we  may  derive  the  following  deduc- 
tions ;  viz. 

1.  The  quantities  of  fluid  discharged,  in  equal  times,  from 
diflercnt  sized  apertures,  the  altitude  of  the  fluids  being  the 
same,  are  to  each  other  nearly  as  the  areas  of  the  apertures. 
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2.  The  quantities  of  water  discharged,  in  eqaal  times,  by  the 
same  aperture,  with  dill'erent  altitudes  of  water  in  the  reser- 
voir, are  nearly  as  the  square  roots  of  the  corresponding  alli- 
tudes  of  the  water  iu  the  reservoir  above  the  centre  of  the 
aperture. 

3.  That,  in  general,  the  quantities  of  water  discharged,  in 
the  same  time,  by  dill'crent  apertures,  and  under  unequal  alti- 
tudes of  the  water  in  the  reservoir,  are  to  each  other  in  a  com- 
pound ratio  of  the  areas  of  the  apertures,  and  the  square  roots 
of  the  altitudes. 

4.  That  on  account  of  the  friction,  the  smallest  apertures  dis- 
charge proportionally  less  water  than  those  that  are  larger  and 
of  a  similar  figure,  the  water  in  the  respective  reservoirs  being 
at  the  same  height. 

5.  That  of  several  apertures  whose  areas  are  equal,  that 
which  has  the  smallest  circumference  will  discharge  more 
water  than  the  other,  the  water  in  the  reservoirs  being  at  the 
same  altitude,  and  tliis  because  there  is  less  friction.  Hence, 
circular  apertures  are  most  advantageous,  as  they  have  less 
rubbing  surface  under  tlie  same  areas.  To  this  we  can  only 
add,  that  if  instead  of  the  orifice  being  pierced  in  a  plate  of  tin 
or  other  thin  plate,  a  cylindrical  pipe  or  tube  be  inserted  in 
the  vessel  whose  length  is  from  two  to  four  times  the  diameter 
of  the  orilice,  then  a  greater  quantity  of  water  will  be  dis- 
charged through  it  than  through  the  simple  aperture,  in  an 
equal  portion  of  time,  all  other  circumstances  remaining  the 
same;  the  quantity  of  the  fluid  discharged,  in  the  two  cases, 
being  to  each  other  as  1.33  to  lUO  nearly. 

DISCHARGED,  when  applied  to  a  ship,  signifies  when  she 
is  unladen,  or  her  stores,  ammunition,  &c.  taken  out.  When 
expressed  of  the  olTicers  or  crew,  it  implies  when  they  are  dis- 
banded from  immediate  service.  When  spoken  of  cannon,  it 
means  when  it  is  fired  olf 

'  DISCHARGER,  or  Discharging  Rod,  in  Electricity,  is  a 
rod  used  for  the  purpose  of  discharging  ajar  or  battery  of  its 
contents,  witliout  injury  or  pain  to  the  operator.  Diflcrent 
forms  have  been  given  to  this  instrument,  which  are  described 
by  Cavallo  and  other  authors  on  electricity. 

DISCOUNT,  or  Rebate,  is  an  allowance  made  on  a  bill  or 
any  other  debt  not  yet  become  due,  in  consideration  of  present 
payment.  Bankers,  merchants,  &c.  allow  for  discount  a  sum 
equal  to  the  interest  of  the  bill  for  the  time  before  it  becomes 
due,  which  however  is  not  just ;  for  as  the  true  value  of  the 
discount  is  equal  to  the  difference  between  the  debt  and  its 
present  worth,  it  is  equal  only  to  the  interest  of  that  present 
worth,  instead  of  the  interest  on  the  whole  debt.  And  there- 
fore the  rule  for  finding  the  true  discount  is  this :  As  the 
amount  of  £1  for  the  given  rate  and  time  is  to  the  given  sum 
or  debt,  so  is  the  interest  of  £1  for  the  given  rate  and  time  to 
the  discount  of  the  debt.  Thus  if  the  interest  or  discount  of 
money  were  five  per  cent,  then  the  allowance  on  a  bill  of  £100 
would  be  found  thus  :  As  2is.  :  £100  :  :  20*.  :  £4.  1.5s.  ajijrf. 
Such,  however,  is  not  the  way  in  which  business  is  done  ;  lor 
science  has  often  as  little  to  do  with  business  as  friendship. 
And  the  following  is  the  popular  rule,  as  given  in  all  arithmetic 
books  in  vogue  in  our  scientific  schools.  Thus  Walkingham  : 
As  £100  present  money  will  discharge  a  debt  of  £10.'i  to  be 
paid  a  year  to  come,  rebate  being  made  at  .5  per  cent. — Rule. 
As  £100  with  the  interest  for  the  time  given,  is  to  that  interest, 
so  is  the  sum  given  to  the  rebate  required.  Subtract  the 
rebate  from  the  given  sura,  and  the  remainder  will  be  the  pre- 
sent worth. — Example.  What  is  the  discount  and  present 
worth  of  £487.  12*.  for  six  months,  at  G  per  cent,  per  annum? 


£. 
G  m,  i)      6 

3 
100 

103 

£. 

As  103 

20 

2000 
worth. 

£.             £.      *. 
3     :  :     487     12 
20 

9702 
3 

£.    .. 

487     12 

14      4 

20G|0)2925|6(14?.  4s.  rebate. 
206 

885 
824 

£473      H  present 
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DISCRETE,  or  Disjunct  Proportion,  is  that  in  which  the 
ratio  between  two  or  more  pairs  of  numbers  is  the  same,  and 
yet  the  proportion  is  not  continued,  so  as  that  the  ratio  may 
be  the  same  between  the  consequent  of  one  pair  and  the  ante- 
cedent of  the  next  pair.  Thus  3  :  6  :  :  5  :  10  is  a  disjunct  pro- 
portion ;  but  3  :  G  :  :  12  :  24  is  a  continued  proportion. 

Discrete  Quantiti/,  is  such  as  is  not  continued  and  joined 
together.  Such,  for  instance,  is  any  number;  for  its  parts, 
being  distinct  units,  cannot  be  united  into  one  continiiu?n ;  for 
in  this  there  are  no  actual  determinate  parts,  as  there  are  in  a 
number  composed  of  several  units. 

DISCUTIENTS,  in  Surgery,  are  external  remedies,  which 
dissolve  or  disperse  a  stagnated  or  coagulated  tluid.- 

DISGORGE,  in  the  Manege,  is  used  for  discussing  or 
dispersing  an  inllammation  or  swelling :  thus,  if  a  horse's  legs 
are  gorged  or  swelled,  we  say  be  must  be  walked  out  tu  disgorge 
tliem. 

DISJUNCTIVE  PROPOSITION,  in  Logic,  is  that  where 
of  several  predicates  we  affirm  one  necessarily  to  belong  to 
the  subject,  to  the  exclusion  of  _all  the  rest,  but  leave  that  par- 
ticular one  undetermined. 

DISLOCATION,  the  putting  a  bone  out  of  joint  by  violence. 

DISMANTLED,  the  state  of  a  ship  unrigged,  and  all  her 
stores,  guns,  fee.  taken  out  in  readiness  for  being  laid  up  in 
ordinary,  or  for  any  other  purpose. 

DISMASTED,  the  state  of  a  ship  deprived  of  her  masts, 
whether  by  design  or  accident. 

DISMOUNTED,  the  state  of  a  cannon  taken  off  a  carriage, 
or  when,  by  the  enemy's  shot,  the  carriage  is  so  broken  as  that 
the  gun  is  rendered  unmanageable. 

DISPARTING,  in  Gunnery,  is  setting  a  mark  upon  the  muz- 
zle ring,  or  thereabouts,  of  a  piece  of  ordnance,  so  that  a  sight 
taken  upon  the  top  of  the  base  ring,  against  the  touch-hole,  by 
the  mark  set  on  or  near  the  muzzle,  may  be  parallel  to  the  axis 
of  the  concave  cylinder. 

DISPENSARY,  a  charitable  institution,  common  in  large 
towns  of  Britain.  Dispensaries  are  supported  by  voluntary 
subscriptions,  and  each  has  one  of  more  physicians,  surgeons, 
and  apothecaries,  who  attend,  or  ought  to  attend,  at  stated 
times,  in  order  to  prescribe  for  the  poor,  and,  if  necessary,  to 
visit  them  at  their  own  habitations.  The  poor  are  supplied 
with  medicines  gratis.  AVherc  these  institutions  arc  managed 
with  care,  they  are  of  the  utmost  importance  to  society,  it  being 
unquestionably  more  for  the  comfort  of  the  sick  to  be  attended 
at  their  own  houses,  than  to  be  taken  from  their  families  to  an 
hospital. 

DISPERSION,  commonly  signifies  the  scattering  or  dissi- 
pating the  parts  of  any  body  ;  and  hence,  in  Optics,  it  denotes 
the  same  as  divergency. 

Point  of  Dispersion,  in  Dioptrics,  the  point  from  which  the 
refracted  rays  begin  to  diverge  when  their  refraction  renders 
them  divergent. 

Dispersion  of  Z,i.(7/if,  in  Optics,  denotes  the  enlargement  of 
a_  pencil  or  beam  of  light,  which  is  produced  by  its  passage 
from  one  medium  to  another ;  and  this  enlargement  arises 
from  the  nature  of  the  medium. 

DISSEISIN,  in  Law,  is  the  wrongful  putting  out  of  one 
seised  of  the  freehold,  which  may  be  effected  either  in  corpo- 
real inheritances  or  incorporeal.  Disseisin  of  things  corporeal, 
as  of  houses  and  lands,  must  be  by  entry  and  actual  disposses- 
sion of  the  freehold.  Disseisin  of  incorporeal  hereditaments, 
cannot  be  an  actual  dispossession,  for  the  subject  is  neither 
capable  of  actual  bodily  possession  nor  dispossession,  but  is 
only  at  the  election  and  choice  of  the  party  injured,  if,  for  the 
sake  of  more  easily  trying  the  right,  he  is  pleased  to  suppose 
himself  disseised.  And  so  in  corporeal  hereditaments,  a  man 
may  frequently  suppose  himself  to  be  disseised,  when  he  is  not 
in  fact,  for  the  sake  of  entitling  himself  to  the  more  easy  remedy 
of  an  assise  of  novel  disseisin,  instead  of  the  process  of  a  writ 
of  entry. 

DISSENTERS,  in  Church  History,  a  numerous  body  of  peo- 
ple in  this  country,  who  made  their  first  appearance  in  Queen 
Elizabeth's  time,  when,  on  account  of  the  extraordinary  purity 
which  they  proposed  in  religious  worship  and  conduct,  they  were 
reproached  with  the  name  of  Puritans.  They  increased  in 
numbers  by  the  act  of  uuiformitv,  which  took  place  on  Barlho- 
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lomew's  day  68^,  in  the  reign  of  Charles  11.  By  this  act, 
2000  ministers  of  the  establishment,  refusing  to  conform  to  cer- 
tain conditions,  were  obliged  to  quit  their  livings,  and  hence 
arose  the  name  of  Non-conformists.  The  descendants  of  these 
are  known  by  the  name  of  Protestant  Dissenters  :  and  may  be 
considered,  in  general,  as  divided  into  the  denominations  of 
Presbyterians,  Independents,  and  Baptists. 

DISSIPATION,  in  Physics,  an  insensible  loss  or  consump- 
tion of  the  minute  parts  of  a  body,  or  that  agency  whereby  they 
fly  off  and  are  lost. 

Circle  of  Dissipation,  in  Optics,  denotes  the  circular  space 
upon  the  retina,  which  is  taken  up  by  one  of  the  extreme 
pencils  of  rays  issuing  from  any  object. 

Radius  of  DISSIPATION,  is  the  radius  of  the  circle  of  dissi- 
pation. 

DISSOLVENT,  any  thing  which  dissolves. 
DISSOLUTION,  the  separation   of  a  body  into  its  most 
minute  parts. 

DISTANCE,  in  Astronomy,  the  space  between  the  sun  and 
any  of  the  planets,  &c.  as  shewn  in  the  following  table  of  the 
real  and  proportional  distances  of  the  several  planets. 


Proportional 
Mean  Dist. 


Real 
Mean  Dist. 


Mercury, -3870981   36^ 

Venus, •72.33323 68 

Earth, 1-0000000 93 

Mars 1-5-236935 142 

Vesta, 2"i373000 221 


Juno 2-66716:TO 

Ceres, •2-7674060 

Pallas, 2-7075920 

Jupiter, 5-20'27911 

Saturn 9  5387705 


248  ). 

257 

257 

485 

890 


Millions  of  Miles 
from  the  Sun. 


Uranus, 191833050 1800J 

Distance  of  the  Fixed  Stars  from  tlie  Earth  or  Sun,  has 
never  yet  been  determined  ;  we  only  know  it  is  so  great,  that 
the  whole  diameter  of  the  earth's  orbit,  which  is  near  two  hun- 
dred million  miles,  is  but  as  a  point  compared  with  their  dis- 
tance, and  therefore  "brms  no  sensible  measure  whereby  it 
may  be  estimated.  • 

Distance  of  the  Sun  from  the  Moon's  Node  or  Apogee,  is 
an  arch  of  the  ecliptic  intercepted  between  the  sun's  true  place 
and  the  moon's  node  or  apogee. 

Accessible  Distances,  are  such  as  may  be  measured  by  the 
application  of  any  lineal  measure.  Inaccessible  Distances,  are 
those  which  cannot  be  measured  by  the  application  of  any 
lineal  measure,  but  by  means  of  angles  and  trigonometrical 
rules  and  formulae.     See  Accessible. 

The  distance  of  objects  may  also  be  ascertained  by  means  of 
sound;  for  as  this  has  been  found,  by  experiment,  to  travel  at 
the  rate  of  about  1142  feet  per  second,  if  the  time  which  elapses 
between  the  firing  of  a  gun  and  the  report  of  the  same  be  duly 
observed,  the  distance  rn  feet  will  be  found  by  multiplying  the 
number  of  seconds  by  1142;  and  in  this  way  we  may  estimate 
the  distance  of  a  thunder  cloud,  by  the  number  of  seconds 
being  observed  that  elapses  between  the  flash  of  lightning,  and 
the  clap  of  thunder  by  which  it  is  succeeded.     See  Acoustics. 

Apparent  Distance,  in  Optics,  is  that  distance  at  which  we 
judge  an  object  to  be  placed  when  seen  afar  ofi',  and  which  is 
usually  very  different  from  the  true  distance,  because  wo  are 
apt  to  think  that  all  very  remote  objects  whose  parts  cannot 
well  be  distinguished,  and  which  have  no  other  object  in  view- 
near  them,  are  at  the  same  distance  from  us,  though  perhaps 
one  of  them  is  thousands  of  miles  nearer  than  the  other,  as  is 
the  case  with  the  sun,  moon,  and  planets. 

The  most  universal,  and  frequently  the  most  sure  means  of 
judging  of  the  distance  of  objects,  is  the  angle  made  by  the 
optic  axis.  For  our  tw o  eyes  are  like  two  different  stations, 
by  the  assistance  of  which  distances  are  taken;  and  this  is  the 
reason  why  tliose  persons  who  are  blind  of  one  eye  so  fre- 
quently miss  their  mark  in  pouring  licjuor  in  a  glass,  snufling  a 
candle,  and  such  other  actions  as  require  that  the  distance  be 
exactly  distinguished.  To  convince  ourselves  of  the  usefulness 
of  this  method  of  judging  of  the  distance  of  objects,  we  have 
only  to  suspend  a  ring  in  a  thread,  so  that  its  side  may  be 


towards  us,  and  the  hole  in  it  to  the  right  and  left  hand  ;  and 
taking  a  small  rod,  crooked  at  the  end,  retire  from  the  ring 
two  or  three  paces,  and  having  with  one  hand  covered  one  of 
our  eyes,  to  endeavour  with  the  other  to  pass  the  crooked  end 
of  the  rod  through  the  ring.  This  appears  very  easy,  and  yet 
upon  trial,  perhaps  once  in  100  times  we  shall  not  succeed, 
especially  if  we  move  the  rod  a  little  quickly.  By  persons 
recollecting  the  time  when  tlicy  began  to  be  subject  to  the  mis- 
takes above  mentioned,  they  may  tell  when  it  was  that  they  lost 
the  use  of  one  of  their  eyes,  which  many  persons  are  long  igno- 
rant of,  and  which  may  be  a  circumstance  of  some  consequence 
to  a  surgeon.  The  use  of  this  second  method  of  judging  of 
distances,  De  Chales  limits  to  XHO  feet,  beyond  which,  he 
says,  we  are  not  sensible  of  any  difference  in  the  angle  of  the 
optic  axis. 

A  third  method  of  judging  of  the  distance  of  objects  consists 
in  tlieir  apparent  magnitudes.  From  this  change  in  the  mag- 
nitude of  the  image  upon  the  retina,  we  easily  judge  of  the 
distance  of  objects,  as  often  as  we  are  otherwise  acquainted 
with  the  magnitude  of  the  objects  themselves  ;  but  as  often  as 
we  are  ignorant  of  the  real  magnitude  of  bodies,  we  can  never, 
from  their  apparent  magnitude,  form  any  judgment  of  their 
distance. 

From  this  we  may  see  why  we  are  so  frequently  deceived  in 
our  estimates  of  distance,  by  any  extraordinary  magnitudes  of 
objects  seen  at  the  end  of  it,  as  in  travelling  towards  a  large 
city,  or  a  castle,  or  a  cathedral  church,  or  a  mountain  larger 
than  ordinary,  we  fancy  them  to  be  nearer  than  we  find  them 
to  be.  This  also  is  the  reason  why  animals,  and  all  small 
objects  seen  in  valleys  contiguous  to  large  mountains,  appear 
exceedingly  small.  For  we  think  the  mountain  nearer  to  us 
than  if  it  were  smaller,  and  we  should  be  surprised  at  the 
smallness  of  the  neighbouring  animals,  if  we  thought  them 
farther  off.  For  the  same  reason  we  tliink  tliem  exceedingly 
small  when  they  are  placed  on  the  top  of  a  mountain,  or  a 
large  building,  which  appears  nearer  to  us  than  it  really  is,  on 
account  of  its  extraordinary  size. 

Our  imagining  objects,  when  seen  from  a  high  building,  to 
be  smaller  than  they  are,  and  smaller  than  we  fancy  them  to  be 
when  we  view  them  at  tlie  same  distance  on  level  ground,  is 
because  we  have  no  distinct  idea  of  distance  in  that  direction, 
and  therefore  judge  of  tlie  things  by  their  pictures  upon  the  eye 
only,  but  custom  will  enable  us  to  judge  rightly  even  in  this 
case.  Let  a  boy  who  has  never  been  upon  a  high  building,  go 
to  the  top  of  (be  Monument,  and  look  down  into  the  street ;  the 
objects  seen  there,  as  men  and  horses,  will  appear  so  small  as 
greatly  to  surprise  him.  But  ten  or  twenty  years  after,  if  in 
the  mean  time  he  has  used  himself  now  and  then  to  look  down 
from  that  and  other  great  heights,  he  will  no  longer  find  the 
same  objects  to  appear  so  small.  The  finest  sight  of  this 
nature  is  from  a  balloon.  See  Aerostation.  Wc  have  had  a 
very  fine  sight  ourselves  of  tliis  nature,  in  surveying  from  the 
lofty  spire  of  St.  Denis,  in  France,  a  large  army  in  the  plain 
between  that  cathedral  and  Paris.  And  if  a  person  were 
to  view  the  same  objects  from  such  heights  as  frequently  as 
he  sees  them  upon  the  same  level  with  himself  in  the  streets, 
they  would  appear  to  him  just  of  the  same  magnitude  from 
the  top  of  the  MonumeiJt  as  they  do  from  a  window  one  story 
high.  For  this  reason  it  is,  that  statues  placed  upon  very  high 
buildings  ought  to  be  made  of  a  larger  size  than  those  which 
are  seen  at  a  nearer  distance,  because  all  persons,  except 
architects,  are  apt  to  imagine  the  height  of  such  buildings  to 
be  much  less  than  it  really  is. 

The  fourth  method  by  which  we  judge  of  the  distance  of 
objects,  is  the  force  with  which  tliiir  colour  strikes  upon  our 
eyes.  For  if  we  be  assured  that  two  objects  are  of  a  similar 
and  like  colour,  and  that  one  appears  more  bright  and  lively 
than  tlie  other,  we  judge  that  the  brighter  object  is  the  nearer 
of  the  two. 

The  fifth  method  consists  in  the  different  appearance  of  the 
small  parts  of  objects.  When  these  parts  appear  distinct,  we 
judge  that  the  object  is  near;  but  when  they  appear  con- 
fused, or  when  they  do  not  appear  at  all,  we  judge  that  it  is  at 
a  greater  distance.  For  the  image  of  any  object,  or  part  of  an 
object,  diminishes  as  its  distance  from  our  eye  increases. 
The  sixth  and  last  method  by  which  we  judge  of  the  distance 
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of  objects  13,  that  the  eye  does  not  represent  to  our  mind  one 
object  alone,  but  at  the  same  time  all  those  tliat  are  placed 
betwixt  us  and  the  principal  object,  whose  distance  we  are 
considering;  and  the  more  this  distance  is  divided  into  sepa- 
rate and  distinct  parts,  the  greater  it  appears  to  be.  For  this 
reason,  distances  upon  uneven  surfaces  appear  less  than  upon 
a  plane  ;  for  the  inequalities  of  the  surface,  such  as  hills,  and 
holes,  and  rivers,  that  lie  low  and  oat  of  sight,  either  do  not 
appear,  or  hinder  the  parts  that  lie  behind  tlicm  from  appear- 
ing;  and  so  the  whole  apparent  distance  is  diminished  by  the 
parts  that  do  not  appear  in  it.  This  is  the  reason  that  the 
banks  of  a  river  appear  contiguous  to  a  distant  eye,  when  the 
river  is  low  and  not  seen.  How  much  narrower  does  a  river 
that  is  subject  to  the  inlluence  of  the  tide  appear  at  low  water, 
than  when  its  bosom  is  proudly  swelled  at  high  water  mark? 
and  yet  perhaps  the  actual  breadth  at  both  times  docs  not 
vary  20  feet. 

Distance,  in  Navigation,  is  the  number  of  miles  or  leagues 
that  a  ship  has  sailed  from  one  point  to  another. 

Line  of  Distance,  in  Perspective,  is  a  right  line  drawn  from 
the  eye  to  the  principal  point  of  the  plane.  Point  of  Distance, 
in  Perspective,  is  that  point  in  the  horizontal  line  which  is  at 
the  same  distance  from  the  principal  point  as  the  eye  is  from 
the  same. 

DISTANCE  OF  THE  Eye,  in  Perspective,  is  a  line  drawn 
from  the  eye  to  the  principal  point. 

DISTEMPER,  in  Painting,  a  term  used  for  the  working  up 
of  colours  with  something  besides  water  or  oil.  If  the  colours 
are  prepared  with  water,  that  kind  of  painting  is  called  limning; 
and  if  with  oil,  it  is  called  painting  in  oil,  and  simply  painting. 
If  the  colours  are  mixed  with  any  glutinous  or  unctuous  matter 
instead  of  oil,  it  is  said  to  be  done  in  distemper.  In  this  man- 
ner the  cartoons  at  Windsor  are  painted. 

DISTICH,  a  couplet  of  verses  making  a  complete  sense. 
Thus  hexameter  and  pentameter  verses  arc  di.sposed  in  distichs. 

DISTILLATION.  Under  the  article  Chemistry,  we  ex- 
plained what  distilling  means,  and  how  it  is  performed  ;  the 
subject  of  the  present  article  is  confined  to  the  making  of  ardent 
spirits.or  alcohol,— the  distillation  of  gases  belonging  to  another 
part  of  our  work. 

Previously  to  the  operation  of  distilling,  those  of  brewing 
and  fermentation  are  necessary;  the  liquid  must  be  brought 
into  the  state  of  wine,  or  beer,  (which  is  the  wine  of  grain.) 
Methods  have  been  suggested,  and  we  believe  carried  into  prac- 
tice, for  reducing  the  brewing  and  fermentation  to  a  single 
operatton,  by  which,  it  is  said,  the  spirit  is  much  improved  in 
quality,  as  well  as  augmented  in  quantity.  The  practice,  we 
are  informed,  is  as  follows  :— 

To  one  hundred  pounds  of  malt,  reduced  to  fine  meal,  are 
added  thirty  pounds  of  wheat  meal;  twenty  gallons  of  water 
are  then  added  by  degrees,  mixing  the  whole  mass  thoroughly; 
fifty  gallons  more  of  water,  made  boiling  hot,  are  then  poured 
upon  the  mass,  and  tlie  whole  well  stirred  together.  It  is  then 
allowed  to  stand  for  two  hours,  afterwards  stirred  again,  and 
when  grown  cold,  a  pound  or  more  of  solid  yeast  is  added, 
and  then  allowed  to  stand  loosely  covered  in  rather  a  warm 
place  to  ferment. 

In  London,  and  its  neighbourhood,  we  understand  the  pro- 
cess of  forming  the  wasli  for  distillation  is  the  same  as  in 
brewing  for  beer,  with  the  exception  of  the  addition  of  the 
hops,  and  that  instead  of  boiling  the  wort,  they  pump  it  into 
coolers,  and  afterwards  draw  it  into  backs,  to  be  then  fermented 
with  yeast.  During  the  fermentation,  particular  attention  must 
be  paid  to  the  temperature  of  the  liquid  :  if  it  exceeds  77° 
Fahrenheit,  the  fermentation  will  be  too  rapid  ;  if  below  eo°,  the 
fermentation  will  cease.  The  mean  between  these  is  consi- 
dered the  most  favourable,  and  the  fermentation  must  be  con- 
tinued until  the  liquor  grows  fine  and  pungent  to  the  taste  but 
not  so  long  as  to  permit  the  acetous  fermentation  to  comnic'nce 
In  this  stale  the  wash  is  put  into  the  still,  of  which  it  sliould 
occupy  about  three-fourths,  and  distilled  with  a  gentle  fire  as 
low  as  any  spirit  comes  over,  which  is  generally  until  about 
naif  the  wash  is  consumed. 

The  form  of  the  common  still  is  too  well  known  to  need  any 
particular  description ;  it  generally  consists  of  a  large  boiler 
made  of  copper,  and  fixed  in  masonry  over  a  fireplace  ■  the 


boiler  has  a  head,  or  capital  as  it  is  called,  which  is  of  a  globu- 
lar form,  to  which  is  soldered  a  neck,  which  forming  a  complete 
arch,  curves  downward,  and  fits  into  what  is  called  the  worm. 
The  worm  is  a  long  tube,  made  generally  of  pewter,  of  a 
gradually  decreasing  diameter,  and  is  curled  round  into  a 
spiral  form  ;  it  is  enclosed  in  a  tub,  which  is  kept  filled  with 
cold  water  during  distillation. 

The  Dutch  method  of  making  Geneva  is  said  to  be  as  fol- 
lows : — "  One  hundred  weight  of  malt  from  barley,  ami  two 
hundred  weight  of  rye  meal,  are  mashed,  w  ith  four  hundred  and 
sixty  gallons  of  water,  heated  to  1G2°  Fahrenheit.  When  tbe 
infusion  has  been  continued  a  sulhcient  time,  cold  water  is 
added  until  the  wort  is  e(|uivalent  to  about  forty-five  pounds  of 
saccharine  matter  per  barrel  ;  it  is  then  drawn  off  into  a  back 
of  five  hundred  gallons'  capacity,  at  the  temperature  of  80°, 
with  half  a  gallon  of  yeast.  The  fermentation  immediately 
commences,  and  is  generally  finished  in  about  two  days,  when 
proper  attention  is  paid  to  the  temperature  of  the  place.  The 
wash  is  then  put  into  the  still,  reduced  to  about  fifteen  pounds 
of  saccharine  matter  per  barrel,  along  with  the  grains,  and 
receives  three  distillations,  a  few  juniper  berries,  and  a  small 
quantity  of  hops,  being  introduced  to  communicate  the  flavour 
required." 

The  spirits  of  the  first  distillation  is  nsually  called  low  winti ; 
the  re-distillation  of  the  low  wines,  or  doubling,  produces  at  first 
a  fiery  spirit,  milky  and  crude,  (which  is  returned  into  the  low 
wines);  after  this  the  spirit  flows  perfectly  clear  and  bright: 
nevertheless,  tainted  a  little  with  empyreuma,  to  get  rid  of 
which  it  generally  undergoes  another  distillation  called  rectifi- 
cation, at  which  time  flavouring  ingredients  are  added,  to 
imitate  the  foreign  spirits,  such  as  rum,  brandy,  bollands,  gin, 
&c.  and  likewise  to  form  the  compound  spirits,  called  cara- 
way, peppermint,  cinnamon,  cloves,  aniseed,  &c. 

The  flavour  of  malt  spirit  is  said  to  be  much  improved,  by 
putting  four  ounces  of  finely-powdered  charcoal,  and  four 
ounces  of  ground  rice,  into  a  quart  of  spirits,  and  letting  it 
stand  for  a  fortnight,  frequently  stirring  it ;  upon  being  then 
strained,  it  will  be  found  to  resemble  very  closely  the  flavour 
of  brandy.  It  has  been  frequently  proved,  that  the  muriate  of 
soda  (or  common  salt)  thrown  into  the  still  in  the  proportion  of 
about  half  an  ounce  to  every  gallon,  will  matcriallv  improve 
the  taste  and  strength  of  the  spirit;  the  viscid  matter  being 
fixed  by  the  salt,  allows  the  volatile  parts  to  ascend  in  grcatei 
purity.  Some  time  since,  a  distiller  at  Copenhagen  published 
an  account  of  his  having  several  times  distilled  brandy  and 
gin  from  wheat  steeped  in  salt  water,  by  which  he  uniformly 
obtained  nearly  one-fourteenth  more  of  spirit,  than  when  he 
distilled  from  an  equal  (juautity  of  wheat,  which  had  not  under- 
gone that  process. 

It  is  said  to  be  the  practice  of  the  distillers  in  Scotland,  &c. 
to  use  one  part  of  malted  grain,  with  from  four  to  nine  parts  of 
raw  grain;  rye  is  said  to  produce  more  spirit  than  wheat,  and 
wheat  more  spirit  than  barley. 

Winter's  Distilling  Apparatus,  exhibited  in  the  annexed 
figures,  is  constructed  on  the  principle  of  condensing  the 
aqueous  portion  of  the  mixed  liquor  previously  to  its  passing 

into  the  still.  A,  in  this  sectional 
view,  is  a  tube  by  which  (he  va- 
pours enter  from  the  still  into  B 
the  receiver.  C  is  a  conical  plate. 
D  the  chief  vapour  tube,  vdiirh 
being  closed  at  the  top,  the  va- 
pours descend  by  the  small  tubes 
G,  into  the  chamber  F.  The  ap- 
paratus is  isolated  in  water  of 
1 70-'  temperature,  contained  in 
the  tub  or  bath  T,  and  as  the 
vapours  contained  in  the  tubes 
are  by  this  arrangement  separated 
into  small  portions,  a  rapid  con- 
densation takes  place.  A  num- 
i  ber  of  circular  tubes,  as  at  H.  are 
fixed  in  the  plate  wliicli  covers  the  receiver  U,  with  their  upper 
cndsa  little  above  the  surface.  These  carry  olf  the  condensed 
li<luor  into  the  receiver  B.  The  vapour,  now  improved  in  its 
spirit,  is  collected  in  the  chamber  F,  and  passes  by  the  tube  I 
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into  the  second  receiver  K.  The  top  plate  of  this  second 
receiver  K,  as  well  as  the  bottom  plale  of  the  third  receiver  N, 
have  numerous  apertures  of  concentric  circles  as  at  L  L,  in  the 
following  figure,  into  each  of  which  are  fitted  two  copper 
cjiinders,  one  within  the  other,  and  only  about  a  quarter  of  an 
inch  apart.  And  as  there  are  four  suoli  apertures,  there  are 
consequently  eight  pairs  of  apertures. 


•  Into  each  of  these  annular  apertures  L,  L,  are  fixed  two 
copper  cylinders,  one  within  the  other,  and  only  about  a  quar- 
ter of  an  inch  apart;  and  as  there  are  four  such  apertures, 
there  are  consequently  eight  cylinders  or  four  pairs  in  the 
apparatus,  which  are  exhibited  in  section  in  the  first  engraving 
at  M,  M.  O,  O  are  tubes  which  pass  tliro'.gh  the  receiver  K,  to 
convey  water  between  the  cylinders;  similar  tubes  are  passed 
through  the  receiver  N,  by  which  means  the  water  is  difl'used 
over  every  part  of  the  extended  surface  of  the  apparatus, 
eft'ecting  thereby  almost  as  rapid  a  condensation  of  the  aqueous 
portion  of  the  vapour,  as  if  the  water  were  in  actual  contact 
with  it.  The  vapours  passing  from  the  lower  receiver  K, 
ascend,  as  before  mentioned,  through  the  narrow  spaces  between 
the  cylinders  into  the  upper  receiver  N,  in  a  high  state  of  purity 
and  strength;  from  this  last  hold  it  proceeds  into  the  worm  by 
the  tube  P,  where  it  is  instantly  condensed  by  the  refrigeratin<' 
eflect  of  the  cold  water  with  which  this  part  of  a  distillatory 
apparatus  is  always  surrounded. 

It  is,  perhaps,  not  unnecessary  to  repeat,  that  the  water  con- 
tained in  the  second  bath  T,  shewn  in  section,  is  heated  to  140° 
(or  less,  as  the  spirit  may  be  required,)  that  being  a  degree  of 
temperature  to  which  the  vapour  of  water,  as  well  as  those  from 
the  empyreumatic  oils,  cannot  exist.  The  spirit  is  thus  sepa- 
rated effectually,  and  without  any  difficulty,  from  the  least  taint 
of  empyreuma,  with  which  British  spirits  are  in  general  more 
or  less  contaminated. 

It  will  be  observed,  that  this  second  receiver  is  of  a  peculiar 
construction,  and  being  kept  at  a  temperature  of  140°,  the 
whole  of  the  weaker  vapour  is  therein  reduced  into  a  liquid 
state,  while  the  strong  spirituous  vapour,  ascending  alone 
through  certain  very  narrow  spaces,  contained  between  the 
circuitous  cylinders,  into  the  deeper  part  of  the  apparatus,  is 
thence  collected  into  a  third  receiver  previouslyto  its  passing 
into  the  worm.  The  worm  is  surrounded  as  usual  with  cold 
water,  whose  powerful  refrigerating  efi'ects  upon  the  strong 
spirituous  vapour  with  which  it  is  charged,  causes  it  rapidly  to 
pass  into  a  fluid  state.  In  this  still  the  spirit  might  be  rectified 
or  flavoured,  by  allowing  the  vapours  to  pass  through  the 
necessary  ingredients  as  they  pass  on  to  the  worm.  We  need 
not  speculate  on  the  advantages''of  this" apparatus,  which  is 
manufactured  by  Messrs.  Pontifex,  Sons,  and  Co.  London. 

Distillation  A,y  a  low  hent,  in  close'vcssels.  Those  who  are 
acquainted  with  the  common  method  of  distilling,  know  that  a 
Tery  unpleasant  flavour  accompanies  all  distilled  produ -ts, 
occasioned  by  the  matter  in  the  still  being  overheated,  or 
burned.  The  late  James  Watt  ascertained,  that  liquids  boiled 
at  a  very  low  temperature  in  vacuo,  or  by  emptying  the  appa- 
ratus of  atmospheric  air;  and  Mr.  Tretlon,  of  wliitechapel, 
London,  ingeniously  applied  this  fact  to  distillation,  and  con- 
structed the  annexed  apparatus,  wherein  the  body  of  the  still 
is  seen  as  immersed  in  a  water  bath,  which  renders  it  impossi- 
ble to  overheat  or  burn  the  liquid,  or  communicate  the  disagree- 
able empyreumatic  flavour  to  spirit,  as  is  done  by  the  common 


still.  A  is  the  body  of  the  still ; 
B  is  a  water  bath,  into  which 
the  body  of  the  still  is  immersed; 
C  is  the  head,  or  capital  ;  D  is 
the  neck  of  the  same,  whichj 
curving  downwards,  is  connect- 
ed with  a  pipe  that  enters  the 
condensing  vessel  E;  F  is  a 
refrigeratory,  or  close  vessel, 
containing  cold  water,  for  con- 
verting into  liquid  the  spirituous  vapours,  which  having  been 
raised  in  the  still,  are  contained  in  the  vessel  E.  From  the 
bottom  of  the  vessel  E  a  pipe  issues  for  conveying  the  liquid, 
and  the  vapour  not  yet  condensed,  into  vessel  G,  which  being 
surrounded  with  cold  water  contained  in  the  vessel  H,  acts 
also  as  a  refrigeratory,  and  reduces  the  whole  of  the  remaining 
vapour  into  a  liquid  state.  I  is  an  air-pump  for  effecting  a 
vacuum  in  the  vessels  AEG.  K  is  a  stop-cock  for  cutting  off 
the  communication  between  the  vessels  E  and  G,  when  the 
contents  of  G  are  drawn  ofl"  by  the  cock  M,  by  which  means  a 
vacuum  is  preserved,  during  that  operation  in  the  vessel  E 
and  the  still  A  ;  L  is  an  air-cock,  to  admit  air  into  vessel  G,  to 
allow  the  contents  to  run  out  at  M ;  N  is  a  discharge-cock  to 
the  still  A. 

The  pressure  of  the  atmosphere  being  removed  from  the 
surface  of  the  liquid  by  the  air-pump,  the  distillation  is  effected 
at  a  temperature  of  132°  in  place  of  212°,  and  of  course  from 
the  regular  application  of  so  low  a  degree  of  heat,  an  agreeable 
flavour  is  secured  to  the  distilled  product.  Moreover,  from  the 
distillation  being  confined  throughout  the  operation  to  close 
vessels,  the  common  loss  by  evaporation  at  the  end  of  the  worm 
is  avoided,  and  an  increase  of  product  is  obtained. 

DISTINCT  Base,  in  Optics,  is  the  same  with  what  is  other- 
wise called  the  focus. 

DISTINCTION,  in  Logic,  is  an  assemblage  of  two  or  more 
words,  whereby  disparate  tilings,  or  their  conceptions,  are 
denoted.  There  are  three  kinds  of  distinctions,  taken  from  the 
three  different  modes  of  existence,  real,  modal,  and  rational. 
The  first  is  that  between  two  substances,  or  the  modes  of  two 
substances.  The  second  is  that  between  several  things,  one 
whereof  may  exist  without  the  other,  but  not  vice  versa.  The 
third  is  that  between  several  things  which  are  really  one  and 
the  same,  and  whereof  one  cannot  exist  without  the  other;  nor, 
vice  versa,  the  other  without  this;  such  is  that  between  a  thing 
and  its  essence,  between  the  essences  and  properties,  &c. 

DISTRESS,  in  Law,  is  the  taking  of  a  personal  chattel,  out 
of  the  possession  of  ihe  wrong  doer,  into  the  custody  of  the 
person  who  is  injured,  to  procure  a  satisfaction  for  the  wrong 
committed.  It  is  of  two  kinds ;  cattle  for  trespassing  and 
doing  damage,  or  for  the  non-payment  of  rent  or  other  duties. 
But  the  most  usual  injury  for  which  a  distress  may  be  taken, 
is  that  of  non-payment  of  rent. 

DISTRINGAS,  in  Law,  a  writ  commanding  the  sherifT,  or 
other  oflicer,  that  he  distrain  a  person  for  debt  to  the  king,  &c. 
or  for  his  appearance  at  a  certain  day.  There  is  a  great  diver- 
sity of  this  writ. 

DITTON,  Humphrey,  a  mathematician  of  the  seventeenth 
century,  born  at  Salisbury,  May  29,  1675,  was  author  of  several 
tracts  which  were  published  in  the  Philosophical  Transactions. 

DIVERGENT,  tending  to  various  parts  from  one  point; 
thus  we  say,  diverging  lines,  rays,  &c.  meaning  those  lines  or 
rays  which  issuing  from  one  common  point,  go  off  from  that 
point  in  various  directions. 

DIVERGING  Series,  in  Analy.sis,arethosescries,  the  terms 
of  which  increase  more  and  more,  the  farther  they  are  continued. 

DIVERSITY,  in  Painting,  consists  in  giving  every  part  or 
figure  in  a  piece  its  proper  air  and  attitude. 

DIVIDEND  OF  Stocks,  is  a  share  or  proportion  of  the 
interest  of  stocks  erected  on  public  funds,  as  the  South  Sea, 
Sec.  divided  among,  and  paid  to,  the  proprietors  half  yearly. 

DIVIDEND,  in  Arithmetic,  is  that  number  which  is  to  be 
divided  by  some  other  number  called  the  divisor. 

DIVING,  the  art  of  descending  under  water  to  considerable 
depths,  and  remaining  there  for  some  time  in  order  to  recover 
things  which  have  been  sunk,  as  also  for  the  purpose  of  bring* 
ing  up  corals,  pearls,  sponge,  &c. 
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DiviNO  Bell,  an  apparatus  used  for  the  purpose  of  diving. 
See  Bell. 

There  have  been  various  engines  contrived  to  render  the 
business  of  diving  safe  and  easy  :  the  great  point,  is  to  furnish 
the  diver  with  fresh  air,  without  which  he  must  either  make  but 
a  short  stay  or  perish.  Those  who  dive  for  sponges  in  the 
Mediterranean,  carry  down  sponges  dipped  in  oil  in  their 
mouths.  But  considering  the  small  quantity  of  air  that  can  be 
contained  in  the  pores  of  a  sponge,  and  how  much  that  little 
will  be  contracted  by  the  pressure  of  the  incumbent  water,  such 
a  supply  cannot  subsist  a  diver  long,  since  a  gallon  of  air  is 
not  fit  for  respiration  above  a  niinnte.  Dr.  Halley  assures  us, 
a  naked  diver  cannot  subsist  above  two  minutes  under  water 
withor  without  a  sponge;  besides,  if  the  depth  be  considerable, 
the  pressure  of  the  water  makes  the  eyes  blood-shot,  and 
frequently  occasions  a  spitting  of  blood. 

An  experiment  was  lately  tried  at  Rouen  upon  a  new  invent- 
ed diving  machine,  called  batteau-poissnn,  or  fishboat.  This 
boat  sunk  of  itself  seven  or  eight  minutes,  and  then  rose  of 
itself.  The  longest  time  it  remained  under  water  was  eight 
minutes.  The  descent  into  the  inside  of  this  machine  was  by 
an  opening  made  in  the  form  of  a  tunnel,  which  was  about  a 
demimetre  above  the  surface  of  the  water.  When  those  who 
conducted  the  experiment  wished  to  descend  altogether  in  the 
river  and  disappear,  they  let  down  this  opening,  sunk  entirely 
under  the  water,  and  lost  all  communication  with  the  external 
air.  The  inventor  of  this  ingenious  machine  was  Fulton.  Three 
of  his  assistants  went  into  the  boat,  and  remained  during 
the  experiment.  The  prefect  and  a  vast  concourse  of  specta- 
tors were  present. 

Diving  Bladder,  is  a  term  nsed  by  Borelli,  for  a  machine 
which  he  contrived  for  diving  under  the  water  to  great  depths, 
with  great  facility,  and  which  is  preferred  to  the  common  diving 
bell.'-  The  vesica,  or  bladder,  as  it  is  usually  called,  is  to  be 
of  brass  or  copper,  and  about  two  feet  in  diameter.  This  is 
to  contain  the  diver's  head,  and  is  to  be  fixed  to  a  goat-skin 
habit,  exactly  fitted  to  the  shape  of  the  body  of  the  person. 
Within  this  vesica  there  are  pipes,  by  means  of  which  a  circu- 
lation of  air  is  contrived;  and  the  person  carries  an  air-pump 
by  his  side,  by  means  of  which  he  may  make  himself  heavier  or 
lighter,  as  the  fishes  do,  by  contracting  or  dilating  their  air 
bladder. 

DIVISIBILITY,  an  essential  property  of  bodies.  Every 
substance  with  which  we  are  acquainted  is  capable  of  being 
separated  into  parts,  and  each  of  these  again  repeatedly  sub- 
divided. Nor  has  any  limit  ever  been  assigned  to  this  pro- 
cess of  continual  subdivision,  though  it  seems  probable  that, 
at  some  term,  however  distant,  the  resulting  particles  may 
lapse  into  simple  atoms,  incapable  of  any  farther  resolution. 

The  actual  subdivision  of  bodies  has,  in  many  cases,  been 
carried  to  a  prodigious  extent.  A  slip  of  ivory,  of  an  inch  in 
length,  is  frequently  divided  into  an  hundred  equal  parts,  which 
are  distinctly  visible.  But,  by  the  application  of  a  very  fine 
Screw,  five  thousand  equidistant  lines,  in  the  space  of  a  quar- 
ter of  an  inch,  can  be  traced  on  a  surface  of  steel  or  glass  with 
the  fine  point  of  a  diamond,  producing  delicate  iridescent 
colours.  Common  writing  paper  has  a  thickness  of  about  the 
sooth  part  of  an  inch  ;  but  the  pellicle  separated  from  ox-gut, 
and  then  doubled  to  form  gold-beaters'  skin,  is  six  times 
thinner.  A  single  pound  of  cotton  has  been  spun  into  a  thread 
76  miles  in  length  ;  and  the  same  quantity  of  wool  has  been 
extended  into  a  thread  of  S>.5  miles  ;  the  diameters  of  those 
tlireads  being  hence  only  the  1360th  and  400th  parts  of  an  inch. 

But  the  ductility  of  some  metals  far  exceeds  that  of  any 
other  substance.  The  gold-beaters  begin  with  a  riband  an 
inch  broad  and  150  inches  long,  which  has  been  reduced,  by 
passing  through  rollers,  to  about  the  800lh  part  of  an  inch  in 
thickness.  This  riband  is  cut  into  squares,  which  are  dis- 
posed between  leaves  of  vellum,  and  beat  by  a  heavy  hammer, 
till  they  acquire  a  breadth  of  more  than  three  inches,  and  are 
tlierefore  extended  ten  times.  These  are  again  quartered,  and 
placed  between  the  folds  of  gold-beaters'  skin,  and  slretehed 
out,  by  the  operation  of  a  lighter  hammer,  to  the  breadth  of 
five  inches.  The  same  process  is  repeated,  sometimes  more 
than  once,  by  a  succession  of  lighter  hammers  ;  so  that  37G 
grains  of  gold  arc  thus  finally  extended  into  2000  leaves,  of  3.3 
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inches  square,  making  in  all  80  books,  containing  each  2a 
leaves.  The  metal  is  consequently  reduced  to  the  thinness  of 
the  282,00«th  part  of  an  inch,  and  every  leaf  weighs  rather  leu 
than  the  fifth  part  of  a  grain. 

Silver  is  likewise  capable  of  being  laminated,  but  will 
scarcely  bear  an  extension  above  half  that  of  gold,  or  the 
1.50,000  part  of  an  inch  thick.  Copper  and  tin  have  still  infe- 
rior degrees  of  ductility,  and  cannot  perhaps  be  beat  thinner 
than  the  20,000th  part  of  an  inch.  These  form  what  are  called 
Dutch  Leaf. 

In  the  gilding  of  buttons,  five  grains  of  gold,  which  is  applied 
as  an  amalgam  with  mercury,  is  allowed  to  each  gross ;  so 
that  the  coating  left  must  amount  to  the  110,000th  part  of  an 
inch  in  thickness.  If  a  piece  of  ivory  or  white  satin  be  im- 
mersed in  a  nitro-muriate  .solution  of  gold,  and  then  plunged 
into  ajar  of  hydrogen  gas,  it  will  become  covered  with  a  sur- 
face of  gold  hardly  exceeding  in  thickness  the  ten  millionth 
part  of  an  inch. 

The  gilt  wire  nsed  in  embroidery  is  formed  by  extending 
gold  over  a  surface  of  silver.  A  silver  rod,  about  two  feet 
long  and  an  inch  and  half  in  diameter,  and  therefore  weighing 
nearly  twenty  pounds,  is  richly  coated  with  about  600  grains 
of  pure  gold.  In  this  country  the  lowest  proportion  allowed  is 
100  grains  of  gold  to  a  pound  of  silver.  'This  gilt  rod  is  then 
drawn  through  a  series  of  diminishing  holes,  till  it  has  stretched 
to  the  vast  length  of  240  miles,  when  the  gold  has  consequently 
become  attenuated  SOO  times,  each  grain  covering  a  surface  of 
9600  square  inches.  This  wire  being  now  flatted,  the  golden 
film  sufl'ers  a  farther  extension,  and  has  its  thickness  reduced 
to  the  four  or  five  millionth  part  of  an  inch. 

It  has  been  asserted,  that  wires  of  pure  gold  can  be  drawn 
of  only  the  4000th  part  of  an  inch  in  diameter.  But  Dr.  W.  H. 
WoUaston,  by  an  ingenious  procedure,  has  lately  advanced 
much  farther.  Taking  a  short  cylinder  of  silver,  about  the 
third  part  of  an  inch  in  diameter,  he  drilled  a  fine  hole  through 
its  axi.s,  and  inserted  a  wire  of  platinum  only  the  UlOth  part  of 
an  inch  thick.  This  silver  mould  was  now  drawn  through  the 
successive  holes  of  a  steel  plate,  till  its  diameter  was  brought 
to  near  the  1300th  part  of  an  inch,  and  consequently  the  inter- 
nal wire,  being  diminished  in  the  same  proportion,  was  redaced 
to  between  the  4  and  3000th  part  of  an  inch.  The  con)pound 
wire  was  then  dipped  in  warm  nitric  acid,  which  dissolved  the 
silver,  and  left  its  core,  or  the  wire  of  platinum.  By  passing 
the  incrusted  platinum  through  a  greater  number  of  holes, 
wires  still  finer  were  obtained,  some  of  them  only  the  30,000th 
part  of  an  inch  in  diameter.  The  tenacity  of  the  metal,  before 
reaching  that  limit,  was  even  considerable  ;  a  platinum  wire  of 
the  18,000th  part  of  an  inch  in  diameter  supporting  the  weight 
of  one  grain  and  a  third. 

Such  excessive  fineness  is  hardly  surpassed  by  the  filamen- 
tous productions  of  nature.  Human  hair  varies  in  thickness, 
from  the  2o0th  to  the  60Uth  part  of  an  inch.  The  fibre  of  the 
coarsest  wool  is  about  the  t)iM)lh  part  of  an  inch  in  diameter, 
and  that  of  the  finest  only  the  1500th  part.  The  silk  line,  as 
spun  by  the  worm,  is  about  the  SUOOtli  part  of  an  inch  tliick ; 
but  a  spider's  line  is  perhaps  si.x  times  finer,  or  only  the 
30,000th  part  of  an  inch  in  diameter,  insomuch,  that  a  single 
pound  of  this  attenuated  substance  might  be  suflicient  to 
encompass  our  globe. 

The  red  globules  of  the  human  blood  have  an  irregular 
roundish  shape,  from  the  2500lh  to  the  3300lh  of  an  inch  in 
diameter,  with  a  dark  central  spot. 

The  trituration  and  levigatiou  of  powders,  and  the  perennial 
abrasion  and  waste  of  the  surface  of  solid  bodies,  occasion  a 
disintegration  of  parlicles,  almost  exceeding  the  powers  of 
computation.  Kmcry,  after  it  has  been  ground,  is  thrown  into 
a  vat  filled  with  water,  and  the  fineness  of  the  powder  Is  dis- 
tinguished by  the  time  of  its  suhsidenre.  In  »ery  dry  .■situ- 
ations, the  dust  lodged  near  the  corners  and  crevices  of  ancient 
buildings  is,  by  the  continual  agitation  of  the  air,  made  to  give 
a  glossy  polish  to  the  interior  side  of  the  pillars  and  the  less 
prominent  parts  of  those  venerable  remains.  So  fine  is  the 
sand  on  the  adust  plains  of  Arabia,  tliat  it  is  carried  some- 
times 300  miles  over  the  Mediterranean,  by  the  sweeping  and 
violent  Sirocco.  Along  the  shores  of  that  sea,  the  rocks  are 
peopled  by  the  pliolas,  a  testaceous  and  edible  worm,  which, 
3o 
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Uioiigh  very  soft,  yet,  by  unwearied  perseverance,  works  a 
cylindrical  hole  into  the  heart  of  the  hardest  stone.  Tlie  mar- 
ble steps  of  the  ureat  churches  in  Italy  are  worn  by  the  inces- 
sant crawling  of  abject  devotees  ;  nay,  the  hands  and  feet  of 
bronze  statues  are,  in  the  lapse  of  ages,  wasted  away  by  the 
ardent  kisses  of  innumerable  pilgrims  that  resort  to  those 
shrines.  What  an  evanescent  pellicle  of  the  metal  must  be 
abraded  at  each  successive  contact  I 

The  solutions  of  certain  saline  bodies,  and  of  other  coloured 
substances,  exhibit  a  prodigious  subdivision  and  disseminalion 
of  matter.  A  single  grain  of  the  sulphate  of  copper,  or  blue 
vitriol,  will  communicate  a  fine  azure  tint  to  five  gallons  of 
water.  In  this  case  the  copper  must  be  attenuated  at  least  ten 
million  times  ;  yet  each  drop  of  the  liquid  may  contain  as  many 
coloured  particles,  distinguishable  by  our  unassisted  vision.  A 
still  minuter  portion  of  cochineal,  dissolved  in  deliqueate  pot- 
ash, will  strike  a  bright  purple  colour  through  au  equal  mass 
of  water. 

Odours  are  capable  of  a  much  wider  diffusion.  A  single 
grain  of  musk  has  been  known  to  perfume  a  large  room  for 
the  space  of  twenty  years.  Consider  how  often,  during  that 
time,  the  air  of  the  apartment  must  have  been  renewed,  and 
have  become  charged  with  fresh  odour !  At  tlie  lowest  com- 
putation, the  musk  had  been  subdivided  into  320  quadrillions 
of  particles,  each  of  them  capable  of  aftecting  the  olfactory 
organs.  The  vast  diffusion  of  odorous  efthivia  may  be  con- 
ceived from  the  fact,  that  a  lump  oi  assafatida,  exposed  to  the 
open  air,  lost  only  a  grain  in  seven  weeks.  Yet,  since  dogs 
hunt  by  the  scent  alone,  the  effluvia  emitted  from  tlie  several 
species  of  animals,  and  from  different  individuals  of  the  same 
race,  must  be  essentially  distinct. 

The  vapour  of  pestilence  conveys  its  poison  in  a  still  more 
subtile  and  attenuated  form.  The  seeds  of  contagion  are 
known  to  lurk  for  years  in  various  absorbent  substances, 
which,  on  exposure  to  the  air,  scatter  death  and  consternation. 

But  the  diffusion  of  the  particles  of  light  defies  all  powers  of 
calculation.  A  small  taper  will,  in  a  twinkling,  illuminate  the 
atmosphere  to  the  distance  of  four  miles  ;  yet  the  luminous 
particles  which  fill  that  wide  concavity  cauuot  amount  to  the 
5000th  part  of  a  grain,  which  may  be  the  whole  consumption 
of  the  wax  in  light,  in  smoke,  and  ashes. 

Animated  matter  likewise  exhibits,  in  many  instances,  a 
wonderful  subdivision.  Between  the  Tropics,  the  small  marine 
polypi,  by  the  immensity  of  their  combined  numbers,  speedily 
raise  up  clusters  of  coral  reefs,  so  dangerous  at  present  to  the 
navigation  of  those  seas,  but  which  are  destined,  at  no  very 
remote  period,  to  form  groups  of  inhabited  and  cultivated 
islands.  The  milt  of  a  codfish,  when  it  begins  to  putrefy,  has 
been  computed  to  contain  a  billion  of  perfect  insects  ;  so  that 
thousands  of  these  living  creatures  could  be  lifted  on  the  point 
of  a  needle.  But  the  infusory  animalcules  display,  in  their 
structure  and  functions,  the  most  transcendent  attenuation  of 
matter.  The  vibrio  utuhila,  found  in  duck-weed,  is  computed 
to  be  ten  thousand  million  times  smaller  than  a  hemp  seed. 
The  vibrio  lineola  occurs  in  vegetable  infusions,  every  drop 
containing  myriads  of  those  oblong  points.  The  monas  gelati- 
nosa,  discovered  in  ditch-water,  appears  in  the  field  of  a  micro- 
scope a  mere  atom  endued  with  life,  millions  of  them  playing 
like  the  sunbeams  in  a  single  drop  of  liquid. 

Insects  have  been  discovered  so  small  as  not  to  exceed  the 
10,000  part  of  an  inch,  so  that  1,000,000,000,000  of  them  might 
be  contained  within  the  space  of  oue  cubic  inch,  yet  each  ani- 
malcule must  consist  of  parts  connected  with  each  other,  with 
vessels,  with  fluids,  and  with  organs  necessary  for  its  motions, 
for  its  increase,  for  its  propagation,  &c.  How  inconceivably 
small  must  those  organs  he  ;  and  yet  they  are  unquestionably 
composed  of  other  parts  still  smaller,  and  still  farther  removed 
from  the  perception  of  our  senses. 

DIVISION,  in  the  Navy,  a  select  number  of  ships  in  a  fleet 
or  squadron  of  men-of-war,  distinguished  by  a  particular  flag, 
pendant,  or  vane,  and  sometimes  commanded  by  a  general 
officer.  A  squadron  is  commonly  ranged  into  three  divisions, 
the  commanding  officer  of  whicji  is  always  stationed  in  the 
centre.  In  a  large  fleet  the  admiral  divides  it  into  three  squad- 
rons, each  of  which  is  commanded  by  an  admiral,  and  is  again 
divided  into  three  divisions  ;  each   squadron   has  its  propei 


colours,  according  to  the  rank  of  the  admiral  who  commands 
it;  and  each  division  its  proper  mast.  The  private  ships  carry 
pendants  of  the  same  colour  with  their  respective  squadrons  at 
the  masts  of  their  particular  divisions,  so  that  the  ships  in  the 
last  division  of  the  blue  squadron  carry  a  blue  pendant  at  their 
mizzen  top-gallaut-mast-head.  These  distinctions  of  divisions 
are  not,  however,  constantly  practised.  The  general  officers  or 
commanders  of  divisions  place  themselves  in  the  centre  of  the 
divisions,  the  three  commanding  admirals  excepted,  who,  in 
a  sailing  position,  lead  their  respective  squadrons. — In  the 
Army,  a  body  of  troops  composed  of  several  brigades,  and 
commanded  by  a  general  officer. 

Division,  in  Natural  Philosophy,  is  the  taking  a  thing  to 
pieces,  in  order  to  have  a  more  complete  conception  of  the 
whole  :  this  is  frequently  necessary  in  examining  very  complex 
beings,  the  several  parts  ofwhich  cannot  be  surveyed  atone  view. 

Division,  is  one  of  the  principal  rules  in  Arithmetic  and 
Algebra:  it  consists  in  finding  how  often  a  less  number  is  con- 
tained in  a  greater.  The  number  to  be  divided  is  called  the 
dividend,  the  number  by  which  the  division  is  made  is  the 
divisor  ;  the  number  of  times  that  this  is  contained  in  the  former 
is  called  the  quotient,  and  if  any  thing  remains  after  the  opera- 
tion is  finished,  it  is  called  the  remainder.  Division  is  either 
simple  or  compound. 

Simple  Division,  is  when  both  the  divisor  and  dividend  are 
integral  numbers. 

Rule. — Draw  a  small  curve-line  on  the  right  and  left  of  the 
dividend,  and  write  the  divisor  on  the  left ;  then  find  how  many 
times  the  divisor  is  contained  in  as  many  of  the  left-hand 
figures  of  the  dividend  as  are  just  necessary,  and  place  that 
number  on  the  right.  Multiply  the  divisor  by  this  number,  and 
place  the  product  under  the  figure  of  the  dividend  above  men- 
tioned. Subtract  this  product  from  that  part  of  the  dividend 
under  which  it  stands,  and  bring  down  the  next  figure  of  the 
dividend,  or  more  if  necessary,  to  the  right  of  the  remainder. 
Divide  this  number,  so  increased,  as  before,  and  so  on  till  the 
whole  is  finished.  JVo<e  I.  When  it  is  necessary  to  bring  down 
more  than  oue  figure  to  the  remainder,  a  cipher  must  be  placed 
in  the  quotient  for  every  figure  thus  brought  down.  2.  If  the 
divisor  do  not  exceed  12,  the  quotient  maybe  written  down  as 
it  arises,  immediately  under  the  dividend. — Proof  of  DivrsioN. 
Multiply  the  divisor  and  quotient  together,  and  add  to  this 
product  the  remainder,  which  ought  to  be  equal  to  the  dividend, 
if  the  work  be  right. 

Example. 
5)674346(1  7)643287(1  346)7486716(21637 

692  346 

134869  quotients    01898 
5  7 


674340     proof      643287 


666 

129822 

346 

86548 

G49U 

2207 

314 

2076 

74867 16. -.toot, 

1311 

1038 

2736 
2422 

314 

Sometimes,  for  the  sake  of  abridging  the  operation,  the  sac- 
cessive  products  are  omitted,  and  the  subtraction  is  made 
figure  for  figure  as  the  work  is  carried  on ;  by  this  method,  the 
foregoing  example  would  stand  as  follows : — Division  may 
also  be  proved  by  the  cross,  the  same  as  multiplication,  by 
casting  out  the  nines  from  the  divisor  and  quotient;  and  again 
out  of  the  product  of  their  remainders  ;  and  this  last  remainder 
ought  to  be  the  same  as  that  arising  from  the  dividend,  after 
the  remainder,  arising  in  the  operation,  is  subtracted  from  it; 
thus,  346)7486716(21637 


566 
2207 
1311 
2736 
314 


proof 
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This  is  generally  called  the  Italian  method  of  diviaion. 

Compound  Division,  is  when  the  dividend  is  a  compound 
quantity. — Rule.  Divide  the  highest  denomination  of  the 
dividend  by  the  divisor,  as  in  the  former  rule.  Reduce  the 
remainder,  if  any,  to  the  next  inferior  denomination,  and  divide 
as  before  ;  reduce  this  remainder  again,  and  divide  as  before  ; 
and  so  on  till  the  whole  is  finished.  Note.  If  the  divisor 
exceed  12,  and  be  a  composite  number,  divide  by  its  factors 
successively,  instead  of  the  whole  number  at  once. 

£.  s.     d.  £.  s.    d. 

Example.    3)4  13    9(  7)9  13  11  ( 


1  11 


4  13     9 


Divide  £214, 


quotient' 


proof 


1     7     9^ 

7 


9  13  11 


24  =  4  X    0 


14s.     lOd.  by  24. 
£.    s.     d. 
4)214  14  10  ( 


6)  53  13    8J( 


8  18  llj  i 
Division  of  Fractions,  is  performed  by  the  following  rule. 
Reduce  all  mixed  numbers  to  improper  fractions,  then  invest 
the  terms  of  the  divisor,  and  multiply  the  numerators  and 
the  denominators  together  as  in  multiplication,  observing  that 
such  factors  as  are  common  in  the  numerators  and  denomina- 
tors may  be  cancelled. 

Examples. 


1. 


7  .  3 

9  •  4 

1.  ■  t 

11   •  9 


=   5X 


n 


4  _  28 
3  ~  27 

3. 

j6   .    3_  14      4         7 
8-4—8   ^3-    3 

9  _  27 
4  ~  44 

4. 

3-2        3  '^  9  —  27 

Division  of  Decimals,  is  performed  the  same  as  in  the  sim- 
ple rule  of  division,  observing  only  to  point  off  in  the  quotient 
as  many  decimal  places,  as  those  in  the  dividend  exceed  those 
in  the  divisor  ;  and  if  there  be  not  so  many,  the  defect  must  be 
supplied  by  prefixing  ciphers.  Another  way  to  know  the  place 
for  the  decimal  point  is  this:  the  first  figure  of  the  quotient 
must  be  made  to  occupy  the  same  place  either  in  integers  or 
decimals,  as  does  that  figure  of  the  dividend  that  stands  over 
the  unit's  place  of  the  first  product.  Note.  The  division  may 
be  carried  on  to  any  extent  required  by  annexing  ciphers  to 
the  remainders  after  all  the  given  figures  have  been  used. 
Example.  48C-4)748-6840(l-61o  quotient. 

298  28 
7  444 
2  5800 
1480 

Division  of  Circulating  Decimals,  is  performed  by  converting 
therepetends  into  their  equivalent  fractions,  and  then  proceed- 
ing as  in  division  of  fractions. 

Division,  in  Algebra,  is  the  method  of  finding  the  quotient 
aiising  from  the  division  of  one  intermediate  quantity  by 
another,  which  may  be  considered  under  two  eases. 

Case  1.  When  the  divisor  and  dividend  are  both  simple  quan- 
tities. Rule.  Divide  the  co-efficients,  as  in  arithmetic,  and  to 
the  quotient  annex  the  result  arising  from  the  division  of  the 
indeterminate  quantities.  Note.  When  the  divisor  and  divi- 
dend have  like  signs,  the  sign  of  the  quotient  is  plus  -|-  ;  and 
when  they  are  unlike,  the  sign  of  the  quotient  is  minus  — ,  as 
in  multiplication. 
Example.    6ai)24a'4'         7i')35a;'y'         61=  a/ y)72a:»  y 


4a  b 


6x  y' 


\2x  ^  ,j 


—  4o6')32a6c'       —  4x1/)— ICx' )/>  4a=i  )— 24o»i=c' 


—  8c 


-f-    4  a;  y' 


—    6a  4' c' 


Cate  2.  When  the  dividend  is  a  compound  quantity,  and  the 
divisor  either  simple  or  compound.    Rule.  Set  the  divisor  on 


the  left  of  the  dividend,  and  proceed  in  the  operation  the  same 
as  in  division  of  numbers,  observing  still  the  game  rule  as 
above  with  regard  to  the  signs. 

Examples. 


a  —  b)a^  —  2ab  +  b^(a—  b 
W  ■-     ab 


ab  +  b> 
a  4  -I-  4' 


X'  +  x^y 


—  ^'  y  +  y' 

—  x'y  —  xy 


+  a.y'  +  y« 

+  ly'  +  y' 

Division  of  .i4/ye4ra!c  Fractions,  is  performed  the  same  way 
as   in   the   case  of  simple   fractions,   liz.   reduce   all   mixed 
expressions  to  improper  fractions,  then  invert  the  terms  of  the 
divisor,  and  multiply  the   numerators  and  denominators  as  in 
the  rule  above  quoted,  observing  to  cancel  all  factors  that  are 
common  to  the  numerators  and  denominators. 
Examples. 
1.      ?-?    •    ?iL'—  ^^        5e>  _  25  c' 
4  4   •    6e^~  Ti>   ^  So"'  ~  12 a4 
3  xy      _      9wz  _    3xy 
5^27  ■ 


2. 


^i 


—  y 


7x'y' 


bx'z 
.'/'  x" 


Ouz    ~  TEPw 

—  y«  X 


+  xy 


x{x  +  y) 


X  —  I/. 

Division  of  Surds,  is  the  method  of  ascertaining  the  quotient 
arising  from  the  division  of  one  irrational  quantity  by  another. 
Rule.  Reduce  the  given  surds  to  their  simplest  form,  and  the 
radical  parts  thus  arising  to  like  radicals  ;  then  divide  the  co- 
efficient of  the  dividend  by  the  co-eflicient  of  the  divisor  for  the 
new  co-efficient,  and  one  surd  part  by  the  other  for  the  required 
surd,  vvhich  being  annexed  with  its  proper  radical  sign  to  the 
co-efficient  before  found,  will  be  the  answer  required.  Note. 
If  the  radical  signs  be  not  the  same,  but  the  quantities  under 
them  be  equal,  the  division  will  be  effected  by  subtracting  the 
index  representing  the  radical  of  the  divisor  from  the  index  of 
that  representing  the  radical  of  the  dividend. 


2. 


s/  105 

n/7     ' 

N/54x«y 

is/  18x 

-y  108 

V  18 


Examples. 
^  W  735     _   1 
—  7~"  —  7 


=   -   ^73o 


3x'  v/  6y 
3  V2x 

3  sJ'  4  _  .'4/  4    _ 


3  V  2  V  2 


x/  '—  =  X  v/  3xy 

■   -y  '6-   ^o 
i/  8 


Note.  When  the  proposed  divisor  is  a  binomial  surd,  con- 
sisting of  the  sum  or  difference  of  two  square  roots,  it  may  be 
rendered  rational  by  multiplying  both  numerator  and  denomi- 
nator, or,  which  is  the  same,  both  divisor  and  di>idend,  by  the 
same  two  quantities,  but  connected  with  a  contrary  sign  to  that 
by  which  they  are  connected  in  the  denominator,  that  is,  by 
-f  when  that  is  —  ;  and  by  — ,  when  that  is  -f-  :  because  the 
product  of  the  sum  of  two  quantities  multiplied  by  their 
difference,  is  equal  to  the  difference  of  their  squares.  Thus, 
for  example,  re(iuircd  the  quotient  arising  from  the  division 
of  v*  5  -f  ,/  7  by  V  13  -f  v'  10.     By  tlie  rule, 

■7  5  4-^/7       _      s/6  -I-   v/7       _     v/  13  —   ^/  10 


$ 
(= 


V  13  -h  V  10     ~ 
n/  &5  -f   v/  91 


v'  13  -f 
-   5   v/  2  - 


v^  10     — 
-   v/  70. 


V  13  —    v/10 


Division  of  Ratios,  or  Divided  Ratio,  is  nhen  of  four  propor- 
tional quantities,  the  differences  of  the  antecedents  and  con- 
sequents are  compared  either  with  the  antecedents  or  conse- 
quents; thus,  i(  a  :  b  :  :  c  :  d. 

«i,^„  M  —  4  :  a  :  :  c  —  d  :  c. 

then  i  LI.  ,      1 

la  —  44:c  —  did. 
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DIVISOR,  is  that  number  or  quantity  which  exactly  divides 
another  number  or  quantity,  without  leaving  a  remainder. 
Divisor  also  signifies  that  number  by  which  another  number  is 
to  be  divided,  without  regard  to  what  may  remain  after  division. 
Common  Divisor,  in  Arithmetic,  is  that  number  which  will 
exactly  divide  two  or  more  given  numbers  ;  and  the  greatest 
of  all  such  divisors  is  called  the  greatest  common  oivisor,  or 
the  greatest  commoyi  meamre.  The  following  theorems  are 
frequently  useful  in  finding  the  divisors  of  numbers  :— 1.  If  the 
last  digit  of  any  number  be  divisible  by  2,  the  whole  number  is 
divisible  by  2.  If  the  two  last  digits  be  divisible  by  4,  the 
■whole  number  is  divisible  by  4.  If  the  three  last  digits  be 
divisible  by  8,  the  whole  number  is  divisible  by  8.  And  gene- 
rally, if  the  last  n  digits  of  any  number  be  divisible  by  2",  the 
■whole  number  is  divisible  by  2  .  2.  If  the  sum  of  the  digits  of 
any  number  be  divisible  by  3  or  by  9,  the  whole  number  is 
divisible  by  3  or  9  ;  and  if  also  the  last  digit  be  even,  the  whole 
number  is  divisible  by  18.  3.  If  a  number  terminate  with  5,  it 
is  divisible  by  5;  and  if  it  terminate  in  0,  it  is  divisible  by 
either  10  or  5.  4.  If  the  sums  of  the  alternate  digits  be  equal, 
or  if  one  sum  exceed  the  other  by  II,  or  by  any  multiple  of  11, 
the  whole  number  is  divisible  by  11.  Sec  vol.  i.  p.  24,  Euler's 
*'  Algebra,"  2d  English  edition. 

By  means  of  these  theorems  we  arc  enabled  frequently  to 
ascertain  the  divisors  of  numbers,  but  when  the  greatest  com- 
mon divisor  of  two  numbers  is  required,  we  must  proceed  by 
the  following  rule. 

To  find  the  greatest  common  Divisors  of  two  given  Numbers. — 
Rule.  Divide  the  greater  number  by  the  less,  then  divide  the 
divisor  by  the  remainder ;  and  thus  continue  always  dividing 
the  last  divisor  by  the  last  remainder  till  nothing  remains,  and 
tJie  last  divisor  wi)!  be  that  required.— iVofe.  If  the  greatest 
common  divisor  of  three  or  more  numbers  be  required,  find 
the  common  divisor  of  two  of  them  first,  then  of  this  common 
divisor  and  another  of  the  given  numbers,  and  so  on  to  the 
last;  so  shall  the  last  divisor  be  the  greatest  common  divisor 
required. 

Examples. — Required  the  greatest  common  divisor  of  7631 
and  26415.  7631)26416(3 

22803 


0522)7631(2 
7044 

greatest  common  divisor  =  587)3522(6 

3522 


which  number  will  divide  both  the  given  numbers,  for 


7f.31_ 

587" 


—  13;  and 


26415 

587 


=  45. 


Common  Divisor,  in  Algebra,  is  any  algebraical  formula  or 
expression,  that  will  exactly  divide  two  or  more  other  alge- 
braical formula?,  witiiout  leaving  a  remainder;  and  the  greatest 
of  such  divisors  is  called  the  greatest  common  divisor. 

DIVORCE,  a  separation  of  two  do  facto  married  together, 
of  which  there  are  two  kinds  ;  one  a  vinculo  matrimonii,  from 
the  very  bond  of  marriage ;  the  other  a  mensa  et  thora,  from 
bed  and  board. 

DIURETICS,  in  Pharmacy,  such  medicines  as  increase  the 
discharge  of  urine ;  or  which  are  supposed  to  have  a  power 
of  removing  obstructions  in  the  urinary  passages. 

DIURNAL,  in  Astronomy,  any  thing  relating  to  the  day,  in 
opposition  to  nocturnal,  relating  to  the  night. 

Diurnal  Arc,  is  the  apparent  arc  described  by  the  heavenly 
bodies,  in  consequence  of  the  rotation  of  the  earth, 

DiuuNAL  Motion  of  a  Planet,  is  the  number  of  degrees, 
minutes,  &c.  which  a  planet  moves  in  24  hours. 

Diurnal  Motion  of  the  Earth,  is  its  rotation  round  its  axis, 
the  duration  of  which  constitutes  the  natural  day.  This  motion 
has  generally  been  considered  as  uniform,  though  there  have 
been  some  astronomers  who  have  suspected  a  trilling  irregula- 
rity ;  and  the  late  investigations  of  the  French  astronomers 
tend  rather  to  confirm  the  latter  hypothesis. 


DOCK,  a  broad  and  deep  trench  formed  on  the  side  of  a 
harbour,  or  the  banks  of  a  river,  and  commodiously  fitted, 
either  to  build  ships,  er  to  receive  them  to  be  repaired  ;  these 
docks  have  generally  strong  flood-gates,  to  prevent  the  flux  of 
the  tide  from  entering  the  dock.  There  are  likewise  wet  docks 
without  flood-gates,  w  here  a  ship  can  be  cleaned  during  the 
recess  of  the  tide,  or  between  the  times  when  the  tide  leave* 
her  dry  aground,  and  the  period  when  it  reaches  her  again. 

DOCKING  A  Ship,  the  act  of  drsiwing  her  into  dock,  in 
order  to  give  her  a  proper  repair,  cleanse  the  bottom,  and 
cover  it  anew.     See  the  article  Breaming. 

DOCKS,  London,  just  below  the  site  of  theTower,andon  the 
left  bank  of  the  Thames,  were  begun  in  1800,  and  completed  in 
1805,  at  an  expense  of  £1,500,000  sterling;  at  any  rate  the 
capital  of  the  Company  is  a  million  and  a  half  sterling:  the 
dividend,  by  act  of  parliament,  cau  never  exceed  10  per  cent. 
The  larger  dock  is  a  rectangle,  the  longer  sides  of  which  run 
from  east  to  west.  The  lower  entrance  is  by  a  cut  which  opens 
into  a  long  basin,  communicating  with  the  dock  by  a  short 
canal :  this  is  called  the  Wapping  entrance.  Higher  up  the 
river,  there  is  another  canal,  which  leads  to  the  south-west 
angle  of  the  dock:  this  is  the  entrance  called  the  Hermitage, 
of  which  we  give  a  plan,  with  the  excellent  locks  by  which  it  is 
floated.  For  all  these  details,  see  the  Plate  London  Docks. 
The  late  Mr.  Rennie  was  the  engineer  who  prepared  the 
plans,  and  directed  the  execution  of  these  great  undertakings. 
To  form  an  idea  of  the  importance  of  these  works,  it  will  be 
sufficient  to  detail  some  of  the  principal  dimensions. 

The  Dock,  properly  so  called,  is  420  yards  in  length,  276 
yards  in  breadth,  and  29  feet  in  depth  ;  its  superficies  is  equal 
to  2.5  acres  ;  that  of  the  basin  is  above  two  aud  a  half  acres  ; 
and  if  to  this  square  be  added  the  ground  occupied  by  ware- 
houses, the  sheds,  and  the  quays,  it  will  be  found  that  the 
whole  premises  contain  a  superficies  of  1 10  acres.  With  the  ex- 
ception of  those  ships  that  trade  to  the  East  and  West  Indies, 
every  vessel,  whether  English  or  foreign,  may  enter  the  Lon- 
don Dock,  upon  paying  the  duties,  to  unship  their  cargoes,  or 
take  in  a  new  lading. 

For  the  convenience  of  business,  ranges  of  sheds,  low,  and 
of  a  very  simple  construction,  have  been  erected  along  the 
sides  of  the  dock  and  near  the  edges  of  the  quays,  into  which 
cargoes  are  removed.  Behind  these  sheds,  and  in  a  parallel 
direction  to  them,  stands  a  line  of  magnificent  warehouses, 
four  stories  high,  with  spacious  vaults,  into  which  the  casks 
are  conveyed  by  inclined  planes.  These  warehouses  are  built 
with  regularity  and  solidity,  but  without  any  pretension  to 
ornaments.  Nothing,  however,  can  be  more  imposing  than  the 
effect  of  the  whole,  of  the  grandeur  of  which  some  idea  may  be 
formed,  by  considering  that  these  buildings  occupy  a  super- 
ficies of  120,000  square  yards. 

In  front  of  the  warehouses,  and  along  the  whole  length  of 
the  sheds,  are  iron  railways  ;  others  cross  these  at  right  angles, 
leading  from  the  quay  to  tlie  warehouses,  and,  in  some  instances, 
to  their  interior.  Oblique  lines  of  connexion  facilitate  the 
communication  of  the  former  railways  with  the  latter.  As  the 
edges  of  these  railways  rise  in  a  small  degree  only  above  the 
level  of  the  pavement,  carriages  can  pass  over  without  damag- 
ing them,  and  without  being  impeded  by  them. 

To  the  east  of  the  dock,  a  range  of  warehouses  has  been 
built,  for  the  reception  of  tobacco.  Before  this  expensive  pro- 
duction was  stored  in  secure  places,  and  defended  by  high 
walls,  it  was  a  great  object  of  tlie  syslem  of  plunder  and  fraud 
carried  on  upon  the  river.  The  first  and  most  extensive  of 
these  warehouses,  which  of  itself  covers  a  space  of  six  acres, 
is  the  work  of  Mr.  Alexander.  This  distinguished  architect 
has  here  made  a  most  judicious  combination  of  wood  and  iron. 
On  the  other  side  of  a  short  canal,  and  close  to  this  warehouse, 
is  a  second,  wliich  covers  about  17,000  square  yards.  Its  con- 
struction is  evidently  upon  the  same  principle  as  the  last  men- 
tioned. But  in  the  present  instance,  the  idea  whi('li  Mr.  Alex- 
ander afterward  followed  up,  is  in  some  measure  still  rude,  and 
the  progress  of  art  is  very  perceptible  in  a  comparison  of  tho 
two  buildings. 

The  London  Docks  are  the  grand  dep6t  for  foreign  spirits : 
numerous  pipes  of  wine  and  brandy  are  kept  in  the  vaults, 
which  occupy  the  same  superficies  as  the  warehouses ;  thesa 
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vaults  are  groined,  and  their  piers  support  the  columns  of  the 
warehouses  above. 

The  London  Docks  have  their  several  parts  perfectly  adapted 
to  each  otiier,  and  are  of  the  most  admirable  construction.  The 
gates,  like  all  those  whose  size  exceeds  from  20  to  23  feet,  in- 
stead of  being  straight,  are  curved  on  the  side  on  which  the 
water  presses. 

Another  very  important  differenoe  observable  between  the 
hydraulic  arcliitecture  of  the  English  and  that  of  the  French,  is 
the  form  of  the  walls  of  their  quays.  The  French  give  tlie 
exterior  face  of  these  walls  the  straight  form  of  :vn  inclined 
plane,  while  the  interior  face,  or  that  which  is  in  contact  with  the 
ground,  is  in  the  form  of  a  vertical  plane.  The  Englisli  give 
both  these  faces  a  curved  form,  beginning  almost  perpendicu- 
larly, and  witliout  a  curve  at  the  upper  part ;  the  curvature 
increases,  and  takes  a  sloping  direction,  which  is  less  rapid  as 
it  approaches  the  lower  courses  of  the  work.  In  works  exe- 
cuted with  great  care  and  precision,  these  courses,  instead  of 
being  horizontal,  are  perpendicular  to  the  exterior  surface  of 
the  wall. 

The  West  India  Docks  are  on  the  left  bank  of  the  Thames, 
at  the  distance  of  about  one  mile  and  a  half  below  the  London 
Docks  ;  they  are  situated  on  the  base  of  a  tongue  of  land  of 
the  Isle  of  Dogs,  a  sort  of  peninsula  formed  by  a  long  circuit 
of  the  river.  The  docks  have  an  entrance  at  each  extremity  of 
this  circuit.  South  of  the  docks,  and  parallel  to  their  length, 
is  the  city  canal,  by  means  of  which  the  long  turn  of  the  river 
may  be  avoided.  But  in  order  to  gain  the  advantage  oITered 
by  the  canal,  a  toll  is  to  be  paid.  Naval  captains  prefer  fol- 
lowing the  common  course  of  the  river,  which,  when  the  tide 
serves,  does  not  occasion  a  loss  of  more  than  two  hours'  time. 
It  has  been  found  more  advantageous  to  make  this  canal  serve 
as  a  receptacle  for  dismantled  ships  laid  up  in  ordinary;  they 
are  rangetl  on  a  line  of  about  a  mile  in  length,  and  present  a 
magnificent  sight  when  viewed  from  the  right  bank  of  the  river. 
The  West  India  docks  are  much  superior  to  the  London 
both  in  extent  and  regularity.  These  vast  works  were  un- 
dertaken and  executed  by  an  association  of  private  indivi- 
duals, and  by  means  of  a  mere  subscription  ;  twenty-seven 
months  sufficed  to  accomplish  the  whole.  The  excavations 
of  the  West  India  docks  began  on  the  12th  of  July,  1800;  and 
as  early  as  the  month  of  September,  1802,  vessels  entered  the 
import  dock ! 

At  the  highest  tides  the  depth  of  water  in  the  two  docks  is 
twenty-four  feet ;  they  are  formed  parallel  to  each  other  ;  their 
common  length  is  about  890  yards.  The  largest,  which  has  a 
superficies  of  above  thirty  acres,  is  destined  to  those  vessels 
returning  to  tlie  West  Indies,  which  deposit  their  cargoes  in 
the  warehouses  of  this  artificial  port.  The  second,  the  super- 
ficies of  which  is  about  twenty-five  acres,  receives  the  vessels 
laid  up  in  ordinary,  or  taking  the  outward  bound  cargoes. 
These  docks,  with  their  basins,  and  the  locks  which  connect 
them  with  the  river,  present  an  area  of  sixty-eight  acres  of 
ground,  excavated  by  human  hands,  for  the  reception  and 
moorage  of  vessels  :  tlie  total  superficies,  including  that  of  the 
quays  and  warehouses,  is  140  acres. 

During  the  busy  season,  this  establishment  employs  about 
2600  workmen.  It  can  admit  at  the  same  time  20J  vessels 
in  the  import,  and  105  in  the  export  dock,  forming  a  total  of 
120,000  tons.  During  the  first  fifteen  years,  7,200  vessels 
entered  them.  In  fine,  upon  the  quays,  under  the  sheds,  and 
in  the  warehouses,  there  have  been  deposited  at  the  same  time 
148,503  barrels  or  casks  of  sugar,  70,875  barrels  and  4.33,018 
bags  of  cofi'ee,  35,158  pipes  of  rum  and  Madeira  wine.  14,021 
logs  of  mahogany,  21,350  tons  of  logwood,  &c.  Nothing  ap- 
pears more  simple  than  the  idea  of  forming  separate  docks  for 
the  loailing  and  unloading  of  importations  and  exportations, 
yet,  infinite  as  the  advantages  which  it  aflords  are,  in  prevent- 
ing confusion,  and  the  frauds  which  it  naturally  produces,  the 
English  constructed  docks  for  more  than  a  century  before  the 
idea  of  separate  docks  struck  them. 

At  the  upper  and  lower  entrances  of  the  two  docks,  a  basin 
presents  three  locks  of  communication.  The  first  communi- 
cates with  the  Thames.  The  water  is  kept  in  it  by  means  of 
double  gates-  The  second  and  third  locks  lead  respectively 
into  the  export  and  import  docks  ;  they  have  also  double  gates. 
20. 


By  this  means,  the  vessels  are  able  to  come  in  and  go  out  in. 
dependently  of  the  state  of  the  tide  ;  they  may  remain  in  the 
basin  as  long  as  is  judged  convenient.  The  water  of  the  docks 
being  but  very  little  higher  than  that  of  the  basins,  it  does  not 
press  violently  on  the  gates  of  the  locks.  It  should  be  also 
observed,  that  this  water  having  hail  lime  to  settle  in  its  pre- 
vious passage  through  the  basin,  hardly  deposits  any  sediment 
when  introduced  into  the  docks. 

The  docks  lie  in  the  direction  of  west  to  east,  inclining  a 
little  towards  the  south.  The  principal  entrance,  that  of  the  im- 
port dock,  is  in  the  midst  of  the  smaller  side  to  the  »  est,  which 
laces  London  ;  in  coming  from  the  city,  we  reach  it  by  a  branch 
of  the  Commercial  Road. 

William  Jessop  furnished  the  plans  of  the  West  India  docks, 
and  directed  their  execution — a  monument  which  will  pt-r. 
petuate  his  memory.  The  construction  which  we  have  de- 
scribed, in  speaking  of  the  London  dock,  as  to  quays  with 
concave  linings,  lock-gates  forming  a  sweep,  and  iron  bridges, 
was  first  put  in  practice  in  the  establishment  now  under  con- 
sideration. After  the  death  of  William  Jessop,  all  these  works 
were  intrusted  to  J.  Rennie,  sen. 

The  sheds  represented  in  our  Plate,  ran  parallel  with  the 
warehouses.  The  columns  supporting  them  are  eleven  feet 
high,  of  cast  iron,  as  are  also  the  capitals  ;  the  construction  of 
these  roofs  is  very  simple,  but  firm  and  neat. 

The  East  India  Docks  belonging  to  the  East  India  Com- 
pany, are  inferior  to  the  West  India  docks  in  magnitude,  but 
equal  in  point  of  construction,  security  of  property,  and,  having 
to  receive  vessels  of  2500  tons,  they  are  deeper  than  the  West 
India  docks,  and  have  never  less  than  23  or  24  feet  water. 

DOCK-YARDS,  arsenals  containing  all  sorts  of  naval  stores 
and  timber  for  ship-building.  In  England  the  royal  dock-yards 
are  at  Chatham,  Portsmouth,  Plymouth.  Deptford,  Woolwich, 
and  Sheerncss,  where  his  majesty's  ships  and  vessels  of  war 
are  generally  moored  during  peace,  and  such  as  want  repair- 
ing are  taken  into  the  docks,  examined,  and  refitted  for  service. 
These  yards  are  generally  supplied  from  the  northern  crowns, 
with  hemp,  pitch,  tar,  rosin,  canvass,  oak  plank,  and  several 
other  species  of  stores.  With  regard  to  the  masts,  particularly 
those  of  the  largest  size,  they  are  usually  imported  from  New 
England.  The  three  first  of  these  yards  are  governed  by  a 
commissioner  resident  at  the  port,  who  superintends  all  the 
musters  of  the  officers,  artificers,  and  labourers,  employed  in 
the  dock-yard  and  ordinary  ;  he  also  controls  their  payment 
therein,  examines  their  accounts,  contracts  and  draws  bills  on 
the  navy-olfice  to  supply  the  deficiency  of  stores  ;  and,  linally, 
regulates  whatever  belongs  to  the  dock-yard,  maintaining  due 
order  in  the  respective  offices. 

DOCTOR,  a  person  who  has  passed  all  the  degrees  of  a 
faculty,  and  is  empowered  to  teach  or  practise  Ihe  same;  thus 
we  say,  doctor  in  divinity,  doctor  in  physic,  doctor  of  laws. 

DODECAGON,  in  Geometry,  a  regular  polygon,  consisting 
of  twelve  equal  sides  and  angles. 

To  inscribe  a  Duilecnijim  in  a  Circle. — Apply  the  radius  of  the 
circle  six  times  round  the  circumference,  which  will  divide  it 
into  six  equal  parts;  then  bisect  each  of  those  parts,  which 
will  divide  the  crrcumference  into  12  parts  for  the  dodecagon 
required, 

Tiijind  the  Area  nf  a  Dodeeannn. — If  the  side  of  a  dodecagon 
be    1,    its   area   is    equal    to   3  -|-  tan.  75°=  3  (2  -(-  v/  3)  = 
lllU(3lo24  nearly  ;  and   as  the  areas  of  polygons  are  to  each 
other  as  the  square  of  their  like  sides,  we  have  as 
1-';  11-19()1.524:;  «':«'-!-  11 -1901524  =  Ihe  area  of  a  dodecagon. 

DODECAHEDRON,  in  Geometry,  one  of  the  regular  Pla- 
tonic bodies,  comprehended  under  12  equal  sides  or  faces,  each 
of  which  is  a  regular  pentagon.  Or,  a  dodecahedron  may  be 
conceived  to  consist  of  12  e<|ual  pentagonal  pyramid.'*,  whose 
vertices  or  tops  all  meet  in  one  common  point,  which  will  be 
the  centre  of  the  sphere  circumscribing  the  dodecahedron.  The 
side  of  a  dodecahedron,  inscribed  in  a  sphere,  is  equal  to  the 
greater  part  of  the  side  of  a  cube  inscribed  in  the  same  sphere 
when  cut  in  extreme  and  mean  proportion.  If  a  line  be  cut  in 
extreme  and  mean  ratio,  and  tlie  less  part  of  it  be  taken  for  the 
side  of  a  dodecahedron,  the  greater  part  will  be  the  side  of  a 
cube  inscribed  in  the  same  sphere.  The  side  of  the  cube  is 
equal  to  the  right  line  that  subtends  the  angle  of  the  pentagon, 
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which   forms   one   of  the  equal   sides   of  the   dodecahedron, 
inscribed  in  the  same  sphere. 

DODECATEMORY,  the  twelfth  part  of  a  circle.  The  term 
is  chiefly  applied  to  the  twelve  houses,  or  parts,  of  the  zodiac, 
of  the  primum  mobile,  to  distinjruish  them  from  the  twelve 
sisns  ;  thouffh  some  authors  use  the  same  term  when  speaking 
of  the  twelve  signs  of  the  zodiac,  because  they  each  contain  a 
twelfth  part  of  the  whole  circle. 

UOU,  a  sort  of  iron  hook  or  bar  with  a  sharp  fang  at  one 
end,  so  formed  as  to  be  easily  driven  into  a  piece  of  timber ; 
it  is  used  to  drag  it  along  by  means  of  a  rope  fastened  to  it, 
upon  which  any  number  of  men  can  pull,  and  so  draw  the  plank 
towards  the  place  where  it  is  to  be  stowed.  It  is  also  used  for 
the  same  purpose  in  unlading  the  ship. 

DOGGER,  a  Dutch  vessel  navigated  in  the  German  ocean; 
it  is  equipped  with  two  masts,  a  niaiu  and  a  mizzen-mast,  and 
somewhat  resembles  a  ketch.  It  is  principally  used  for  fishing 
on  the  Dogger  Bank. 

DOG-VANE,  a  small  vane  composed  of  thread,  cork,  and 
feathers,  fastened  on  the  end  of  a  half-pike,  and  placed  on  the 
weather  gun-wale  to  steer  the  ship  by,  when  sailing  on  a  wind. 
DOLICHOS,  a  genus  of  the  deeandria  order,  in  the  diadel- 
phia  class  of  plants  ;  and  in  the  natural  method  ranking  under 
the  32(1  order,  papilionaceai.  There  arc  38  species,  the  most 
remarkable  of  which,  the  soja,  a  native  of  Japan,  grows  with 
an  erect,  slender,  and  hairy  stalk  to  the  height  of  about  four 
feet.  The  leaves  are  like  those  of  the  garden  kidney  bean. 
The  flowers  are  of  a  bluish  w  hite,  and  produced  from  the  bosom 
of  the  leaves,  and  succeeded  by  bristly  hanging  pods  resem- 
bling those  of  the  yellow  lupin,  which  commonly  contain  two, 
sometimes  three,  large  white  seeds.  There  is  a  variety  of  this 
kind,  with  a  small  black  fruit,  which  was  once  employed  in 
niedicine.  Kempfer  alhrms,  that  the  seeds  of  this  give  relief 
-in  the  asthma.  From  this  plant  comes  the  pickle  called  sooju 
or  soy  ;  to  make  which,  they  take  equal  quantities  of  the  beans 
boiled,  barley  or  wheat  roughly  ground,  and  common  salt. 
Having  properly  mixed  the  beans  with  the  pounded  corn,  they 
keep  the  whole  covered  in  a  warm  place,  in  order  to  ferment ; 
then  putting  the  mass  into  a  pot,  they  cover  it  with  the  salt, 
pouring  over  the  whole  two  measures  and  a  half  of  water.  This 
they  stir  for  two  or  three  months,  at  the  end  of  which  time 
they  filtrate  and  express  the  mass,  and  preserve  the  liquor  in 
wooden  vessels. 

DOLLAR,  a  silver  coinage  of  Spain  and  of  the  United 
States,  the  former  being  worth  4s.  6lfl.  of  the  coinage  before 
1772;  and  4*.  4Jrf.  since  that  date ;  which  latter  is  also  about 
the  value  of  the  American  dollar. 

DOLOMITE.  There  are  several  kinds.  White  dolomite 
contains  46.5  carbonate  of  magnesia,  .02.08  carbonate  of  lime, 
0.25  oxide  of  manganese,  0.5  oxide  of  iron.  It  is  found  in  beds 
in  the  island  of  lona.  A  beautiful  variety,  found  in  the  island  of 
Tenedos,was  used  by  the  ancient  sculptors.  It  consists  of  fine 
granular  concretions.  The  brown  dolomite  is  the  maguesian 
limestone  of  Tennaol.  There  is  a  columnar  dolomite  of  a  pale 
grayish  white.     Compact  dolomite  is  of  a  snow-white  colour. 

DOLPHIN,  or  Delphinus,  in  Astronomy,  the  Dot/ihin,  one 
of  the  old  constellations,  which  is  said  to  have  been  placed 
among  the  constellations  by  Neptune,  because  by  means  of  this 
fish,  Amphitrite  became  the  wife  of  Neptune,  though  she  had 
made  a  vow  to  observe  perpetual  celibacy. —  Uuuudaries  und 
Contents.  W.  by  Aquila,  N.  by  Vulpecula,  E.  by  Pegasus,  and 
S.  by  Aquarius  and  Antinijus.  This  constellation  contains  18 
stars,  five  of  which  are  of  the  3d  magnitude,  and  tlie  rest  of 
smaller  magnitudes. 

Dolphin  of  the  Mast,  a  kind  of  wreath  formed  of  plaited 
cordage,  to  be  fastened  occasionally  round  the  mast  as  a  sup- 
port to  the  puddening  ;  the  use  of  which  is  to  sustain  the  weight 
of  the  fore  and  main  yards  by  the  jears,  in  case  the  rigging  or 
chains,  by  which  those  yards  are  suspended,  should  be  shot 
awav  in  the  time  of  battle. 

DOME,  in  Architecture,  is  a  roof,  or  vault,  rising  from  a 
circular,  elliptic,  or  polygonal  base,  or  plane  ;  with  a  convexity 
outwards,  or  a  concavity  inwards,  in  such  a  manner,  that  all 
the  horizontal  sections  made  by  planes  will  be  similar  figures 
round  a  vertical  axis.  Domes  are  denominated  by  the  figures 
of  the  basis  on  which  they  are  erected ;  and  arc  therefore  called 


pohjgnnal,  circular,  or  elliptic  domes.  Circular  domes  are  of 
several  kinds,  as  spherical,  sphervidal,  or  ellipsoiilal,  hi/perbo- 
loidal,  parabuloidal,  &c.  Domes  that  rise  higher  than  the  radius 
of  the  base  are  called  surmounted  domes ;  and  those  which  rise 
less  than  this  dimension,  are  termed  diminished  or  surbased 
domes.  Domes  that  rise  from  circular  bases  are  called  also 
cupolas. 

DOMESDAY,  or  Doomsday-book,  a  very  ancient  record 
made  in  the  time  of  William  the  Conqueror,  which  now  remains 
in  the  Exchequer,  and  consists  of  two  volumes,  a  greater  and 
a  less  ;  the  greater  contains  a  survey  of  all  the  lands  in  most 
of  the  counties  in  England,  and  the  less  comprehends  some 
counties  that  were  not  then  surveyed.  The  book  of  domesday 
was  begun  by  five  justices,  assigned  for  that  purpose  in  each 
county,  in  Uie  year  1081,  and  finished  in  1086.  It  was  of  that 
authority,  that  Uie  Conqueror  himself  submitted,  in  some  cases 
wherein  he  was  concerned,  to  be  determined  by  it.  Camdea 
calls  this  book  tlie  tax-book  of  king  William  ;  and  it  was  far- 
ther called  magna  rolla.  There  is  likewise  a  third  book  of 
domesday,  made  by  command  of  the  Con(iueror ;  and  also  a 
fourth,  being  an  abridgment  of  the  other  books. 

DOMINIC.\L  Letter,  in  Chronology,  properly  called  Sun- 
day letter,  one  of  the  seven  letters  of  the  alphabet  A  BC  DEFG, 
used  in  almanacs,  ephemerises,  &c.  to  designate  the  Sundays 
throughout  the  year.  In  our  almanacs,  the  first  seven  letters 
of  the  alphabet  are  commonly  placed  to  shew  on  what  days  of 
the  week  the  days  of  the  months  fall  throughout  the  year.  And 
because  one  of  those  seven  letters  must  necessarily  stand 
against  Sunday,  it  is  printed  in  a  capital  form,  and  called  the 
dominical  letter;  the  other  six  being  inserted  in  diflercnt  cha- 
racters, to  denote  the  other  si,\  days  of  the  week.  Now,  since 
a  common  .Julian  year  contains  365  days,  if  this  nut^iber  be 
divided  by  7  (the  number  of  days  in  a  week)  there  will  remain 
one  day.  If  there  had  been  no  remainder,  it  is  obvious  the 
year  would  constantly  begin  on  the  same  day  of  the  week  : 
but  since  one  remains,  it  is  plain  that  the  year  must  begin  and 
end  on  the  same  day  of  the  week ;  and  therefore  the  next  year 
will  begin  on  the  day  following.  Hence,  when  January  begins 
on  Sunday,  A  is  the  dominical  or  Sunday  letter  for  that  year: 
then,  because  the  next  year  begins  on  Monday,  the  Sunday 
w  ill  fall  on  the  seventh  day,  to  which  is  annexed  the  seventh 
letter  G,  which  therefore  will  bi  the  dominical  letter  for  all 
that  year:  and  as  the  third  yea»  will  begin  on  Tuesday,  the 
Sunday  will  fall  on  the  sixth  day  ;  therefore  F  will  be  the  Sun- 
day letter  for  that  year.  Whence  it  is  evident,  that  the  Sun- 
day letters  will  go  annually  in  retrograde  order  thus,  G,  F,  E, 
D,  C,  B,  A.  And,  in  the  course  of  seven  years,  if  they  were 
all  common  ones,  the  same  days  of  the  week  and  dominical 
letters  would  return  to  the  same  days  of  the  months.  But 
because  there  are  366  days  in  a  leap-year,  if  the  number  be 
divided  by  7,  there  will  remain  two  days  over  and  above  the  52 
weeks  of  which  the  year  consists.  And,  therefore,  if  the  leap- 
year  begins  on  Sunday,  it  will  end  on  Monday  ;  and  as  the 
year  will  begin  on  Tuesday,  the  first  Sunday  thereof  must  fall 
on  the  6th  of  January,  to  which  is  annexed  the  letter  F,  and 
not  G,  as  in  common  years.  By  this  means,  the  leap-year 
returning  every  fourth  year,  the  order  of  the  dominical  letters 
is  interrupted  ;  and  the  series  cannot  return  to  its  first  state 
till  after  four  times  seven,  or  28  years  ;  and  then  the  same  days 
of  the  months  return  in  order  to  the  same  days  of  the  week  as 
before. 

The  dominical  letter  may  be  found  universally,  for  any  year 
of  any  century,  thus:  Divide  the  centuries  by  4;  and  take 
twice  what  remains  from  6;  then  add  the  remainder  to  the  odd 
years  above  the  even  centuries,  and  their  4th.  Divide  their 
sum  by  7,  and  the  remainder  taken  from  7  will  leave  the  num- 
ber answering  to  the  letter  required.  Thus,  for  tlie  year  1878 
the  letter  is  F. 

For  the  centuries,  18  divided  by  4,  leave  2;  the  double  of 
which  taken  from  6  leaves  2  again  ;  to  which  add  the  odd  yeard 
78,  and  their  4th  part  It),  the  sum  99  divided  by  7,  leaves  1; 
which  taken  from  7,  leaves  6,  answering  to  F,  the  6th  letter  in 
the  alphabet. 

DONATION,  an  act  whereby  a  person  transfers  to  another 
either  the  property  or  the  use  of  something,  as  a  free  gift.  In 
Older' to  be  valid,  it  supposes  a  capacity  both  in  the  donor  and 
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donee,  and  requires  consent,  acceptance,  and  delivery.  Civi- 
lians distinguish  donation  into  pure  aud  conditional. 

DONATIVE,  in  the  Canon  Law,  is  a  benelicc  ^iven  by  the 
patron  to  a  priest,  without  presentation  to  the  ordinary,  and 
without  institution  or  induction. 

DONJON,  in  Forlification,  signifies  a  strong  stower,  or  re- 
doubt of  a  fortress,  whither  the  garrison  may  retreat,  in  case 
of  necessity. 

DONN,  Benjamin,  an  English  mathematician,  lived  at 
Biddeford,  in  Devonshire,  in  1729.  He  kept  a  school  in  that 
town  for  some  years,  and,  while  there,  made  a  complete  survey 
of  the  county,  for  whicli  he  received  a  premium  of  £1(I0  from 
the  Society  for  promoting  Arts  and  Commerce.  In  1790  lie 
was  appointed  master  of  mechanics  to  the  king.  He  died  in 
1798,  leaving  behind  him  the  character  of  an  ingenious  and 
worthy  man.  " 

DORIC  Order.     See  Architectiire. 

Doric  Mode,  in  Music,  the  first  of  the  authentic  modes  of 
the  ancients ;  its  character  is,  to  be  severe,  tempered  with  gra- 
vity and  joy. 

DORSIFEROUS  Plants,  among  botanists,  such  as  are  of 
the  capillary  kind,  without  stalks,  and  which  bear  their  seeds 
on  the  backside  of  Iheir  leaves. 

DORSTENIA  Contkayekva,  a  genus  of  the  monogynia 
order,  in  the  tetrandria  class  of  plants  ;  ijnd  in  the  natural 
method  ranking  under  the  ^M  order,  scabrida?.  There  are 
eight  species,  all  of  them  low  herbaceous  plants,  growing  in 
the  warm  countries  of  America  and  China.  Tlie  root  is  usud 
in  medicine,  under  the  name  of  contrayerva.  It  has  a  kind  of 
aromatic  smell,  and  an  astringent,  warm,  bitterish  taste. 

DOUBLE-BANKED,  the  situation  of  the  oars  of  a  boat, 
when  two  opposite  ones  are  managed  by  rowers  seated  on  the 
aarae  bench  or  thwart ;  the  oars  are  also  said  to  be  double- 
banked  when  there  are  two  men  labouring  upon  each  oar. 

DOUBLE-CAST,  in  Husbandry,  a  term  used  by  the  farmers 
for  that  method  of  sowing  that  does  not  dispense  the  necessary 
quantity  of  seeds  for  a  piece  of  land  at  one  sowing,  but  requires 
going  over  every  place  twice. 

DOUBLE  PLEA,  in  Law,  is  where  the  defendant  in  a  suit 
alleges  two  several  matters  in  bar  of  the  plaintiff's  action,  when 
one  of  them  is  sufficient. 

DOUBLING,  iu  the  Military  art,  is  putting  two  ranks  or 
files  of  soldiers  into  one. 

DOUBLING  A  CAPE,  is  to  sail  round  or  pass  beyond  it, 
so  as  that  the  point  of  land  separates  the  ship  from  her  former 
situation,  or  lies  between  her  and  any  distant  observer. 

DOUBLING  Upon,  in  a  naval  engagement,  the  act  of 
enclosing  any  part  of  a  hostile  Ueet  between  two  fires,  or  of 
cannonading  it  on  both  sides.  It  is  usually  performed  by  the 
van  or  rear  of  that  fleet  which  is  superior  in  number,  taking 
the  advantage  of  the  wind,  or  of  its  situation  and  circum- 
stances, and  tacking  or  running  round  the  van  or  rear  of  the 
enemy,  who  will  thereby  be  exposed  to  great  danger,  and  can 
scarcely  avoid  being  thrown  into  a  general  confusion. 

DOVE-TAILING,  in  Carpentry,  is  the  fastening  boards 
together  by  letting  one  piece  into  another,  in  the  form  of  the 
tail  of  a  dove.  The  dove-tail  is  the  strongest  of  jointings, 
because  the  tenor,  or  piece  of  wood  which  is  put  into  the  other, 
goes  widening  to  the  extreme,  so  that  it  cannot  be  drawn  out 
again. 

DOWER,  the  portion  which  a  widow  hath  of  the  lands  of 
her  husband,  after  his  decease,  for  the  sustenance  of  herself, 
and  the  education  of  her  children. 

Dower,  bi/  the  Common  Law,  is  a  third  part  of  such  lands  or 
tenements  whereof  the  husband  was  sole  seised  in  fee-simple, 
or  fee-tail,  during  the  marriage,  which  the  wife  is  to  enjoy  dur- 
ing her  life ;  for  which  there  lies  a  writ  of  dower. 

Dower  by  Custom.  This  kind  of  dower  varies  according  to 
the  custom  and  usage  of  the  place,  and  it  is  to  be  governed 
accordingly  ;  and  where  such  custom  prevails,  the  wife  cannot 
wave  the  provision  thereby  made  for  her,  and  claim  her  thirds 
at  common  law,  because  all  customs  are  equally  ancient  with 
the  common  law  itself. 

DOWN-HAUL,  a  rope  passing  up  along  a  stay,  through  the 
cringles  of  the  stay-sails  or  jib,  and  made  fast  to  the  upper 
mroer  of  the  sail,  to  pull  it  down  when  shortening  sail.— Doiin- 


Haul  Tackles,  a  complication  of  tackles  employed  to  pull  down 
the  main  or  fore  yard  in  a  tempest,  in  order  to  reef  the  sail, 
because  the  violence  of  the  wind  prevents  tlie  m eight  of  the 
jard  from  having  its  natural  effect  of  descending. —  Down  all 
C/iests,  the  order  given  to  get  all  the  ofiicers'  and  seamens' 
chests  down  below  from  oH  the  gun-decks,  when  clearing  ibo 
ship  for  an  engagement. — Doun  alt  tiamnwckt,  the  order  for 
the  sailors  to  carry  their  hammocks  down,  and  hang  them  up 
in  their  respective  births  in  readiness  to  go  to  bed. 

DOWNS,  a  bank  or  elevation  of  sand,  wliich  the  sea  gatliers 
and  forms  along  its  shores,  and  which  serves  it  as  a  barrier. 

Downs,  is  a  term  applicable  also  to  vast  tracts  of  naked 
poor  laud,  on  which  sheep  arc  usually  grazed. 

Downs,  is  particularly  used  for  a  famous  road  for  ships 
along  the  eastern  coast  of  Kent,  from  Dover  to  the  North 
Foreland.  This  road  has  excellent  anchorage,  and  is  well 
defended  by  the  castles  of  Sandwich,  Deal,  and  Dover.  The 
English  fleets  usually  meet  here. 

DRABLER,  an  additional  part  of  a  sail,  sometimes  laced  to 
the  bottom  of  a  bDunet  on  a  square  sail,  in  sloops  and  schooners. 

DR.^BLING.  in  Angling,  is  a  method  of  catching  barbels. 
Take  a  strong  line  of  six  yards,  which,  before  you  fasten  to 
your  rod,  must  be  put  through  a  piece  of  lead,  that  if  the  fish 
bite  it  may  slip  to  and  fro,  and  that  the  water  may  somewhat 
move  it  on  the  ground;  bait  with  a  lob-worm  well  secured, 
that  by  its  motion  the  barbel  may  be  enticed  without  suspicion. 
The  best  places  are  in  ruiming  waters  near  piles,  or  under 
wooden  bridges,  supported  with  oaks  floated  and  slimy. 

DRABS,  in  Salt- Works,  a  kind  of  wooden  boxes  for  holdin'^ 
the  salt  when  taken  out  of  the  boiling  pan. 

DRACHM,  a  Grecian  coin,  of  the  value  of  TJd.  Drachm  is 
also  a  weight  containing  sixty  grains,  three  scruples,  or  the 
eighth  part  of  an  ounce. 

DRACO,  the  Drayon,  in  Astronomy,  represents,  according 
to  the  fables  of  some  of  the  poets,  tlie  monster  which  watched 
the  garden  of  Hespcridcs.  Others  maintain,  that  in  a  war  with 
the  giants,  this  dragon  was  opposed  to  Minerva,  who  threw  it 
round  the  axis  of  the  earth,  before  it  had  time  to  unwind  its 
contortions.  Whoever  attends  to  the  situation  of  Draco,  sur- 
rounding the  Pole  of  the  Ecliptic,  will  perceive  that  its  tortuous 
folds  are  symbolical  of  the  oblique  course  of  the  stars.  Draco 
also  winds  around  the  Pole  of  the  world,  as  if  to  indicate,  in 
the  .symbolical  language  of  Egyptian  astronomy,  the  motion  of 
the  Pole  of  the  Equator  around  the  Pole  of  the  Ecliptic,  agree- 
ably to  the  precession  of  the  equinoxes  and  the  moveable 
zodiac  of  the  stars.  The  Egyptian  hieroglyphic  that  represejited 
the  heavens  was  a  serpent,  whose  scales  denoted  the  stars  ; 
and  Draco  was  the  Polar  Constellation,  when  Chaldea  became 
the  cradle  of  astronomy.  The  Greeks  therefore  did  not  invent 
this  constellation. 

Boundaries  and  Contents. —  North  by  Cynosura  and  Cepheus, 
west  by  Cygnus  and  Lyra,  south  by  Hercules,  and  east  by 
Ursa  Major.  Tlierc  are  80  stars  in  this  constellation,  viz.  four 
of  the  2d  magnitude,  seven  of  the  M  magnitude,  and  ten  of  the 
4th,  &e.  a,  situated  between  y  in  the  head  of  Draco  aud  a  in 
Ursa  Major,  is  perhaps  the  most  brilliant  star  in  this  constella- 
tion. 4C20  years  ago,  a  in  Draco  was  the  Polar  Star,  a  hav- 
ing 209°  52'  49'  right  ascension,  and  66°  14'  211'  north  declina- 
tion, culminates  at  London,  agreeably  to  the  following  table  : 
Meridian  Altitude  76°  H9  4l»"  north. 
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20  M. 

Month. 

May 
June 
July 
Aug. 


Cl'LM. 

Month. 

Criv. 

Iin.  mi. 

ho.  mi. 

11  35  A. 

Sept. 

3  25    A. 

9  30  A. 

Oct. 

1  35    A. 

7  30  A. 

Nov. 

II    40    M. 

6  30  A. 

Ben. 

U  30  M. 

Draco,  the  Dragon,  in  Zoology,  a  genus  belonging  to  the 
order  of  amphibia  reptilia.  1.  The  volans,  or  ll}ing  dragon, 
with  the  wings  entirely  distant  from  the  forelegs.  It  is  found 
in  Africa  and  the  East  Indies.  The  pr.-epos,  with  the  «ing» 
fixed  to  the  forelegs.  It  is  a  native  of  Anicrica.  They  are 
harmless  creatures,  and  feed  upon  flics,  ants,  aud  small  insects. 

Draco   Volans,    in   Meteorology,  a   fiery    exhalation,    fre- 
quent in  marshy  and  cold  countries.     It   is  most  common  in 
summer,  and  though  principally  seen  playing  near  the  banks 
rivers,  or  in  boggy  places,  }ct  sometimes  it  mounts  to  a  co 
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siderable  height  in  the  air,  to  the  no  small  terror  of  the  amazed 
beholders;  its  appearance  being  thai  of  an  oblong,  or  roundish, 
fiery  body,  with  a  long  tail,  but  it  does  no  injury. 

JORACUNCULI,  in  Medicine,  small  long  worms,  which 
breed  in  the  muscular  parts  of  the  arms  and  legs,  called 
Guinea-worms,  being  common  among  the  natives  of  Guinea. 
The  worm  is  white,  round,  and  uniform,  resembling  white 
round  tape.  It  is  lodged  between  the  interstices  and  mem- 
branes of  the  muscles,  where  it  insinuates  itself,  sometimes 
exceeding  five  ells  in  length.  It  occasions  no  great  pain  at  the 
beginning;  but  at  such  times  as  it  is  ready  to  e.\it,  the  part 
adjoining  to  the  extremity  of  the  worm,  where  it  attempts  its 
exclusion,  begins  to  swell,  throb,  and  be  inflamed;  this  gene- 
rally happens  about  the  ancle,  leg,  or  thigh,  and  rarely  higher. 
The  countries  where  this  distemper  is  observed  are  hot  and 
sultry,  liable  to  great  droughts,  and  the  inhabitants  make  use 
of  stagnating  and  corrupted  water,  in  which  it  is  very  probable 
that  the  ova  of  these  animalculae  may  be  contained ;  for  the 
white  people  who  drink  this  water  are  obnoxious  to  the  disease 
as  well  as  the  negroes. 

DRAG,  a  machine  consisting  of  a  sharp  square  frame  of  iron 
encircled  with  a  net,  and  commonly  used  to  rake  the  mud  off 
from  the  platform  or  bottom  of  the  docks,  or  to  clean  rivers. 

DRAGGING  the  Anchor,  the  act  of  trailing  it  along  the 
bottom,  after  it  is  loosened  from  the  ground  by  the  elfort  of  the 
wind  or  current. 

DRAGON'S  Head  and  Tail,  are  the  nodes  of  the  planets, 
but  taore  particularly  of  the  moon,  being  the  points  in  which 
the  ecliptic  is  intersected  by  her  orbit,  in  the  angle  of  about 
5°  18'.  One  of  these  points  is  to  the  northward,  the  moon 
beginning  then  to  have  north  latitude;  and  the  other  southward, 
where  she  commences  south  latitude ;  the  former  point  being 
represented  by  the  knot  il  for  the  head,  and  the  other  by  the 
same  reversed,  or  IS,  for  the  tail.  And  near  these  points  it  is, 
that  all  eclipses  of  the  sun  and  moon  happen. 

Dragon's  Blnod,  a  gummy  resinous  substance,  which  is 
brought  from  the  East  Indies.  It  is  said  to  be  obtained  from 
the  palmajuncus  draco,  the  calamus  rotang,  the  dracena  draco, 
the  pterocarpus  draco,  and  other  vegetables.  In  the  present 
practice  of  medicine,  it  is  very  little,  if  at  all,  used,  either 
externally  or  internally.  A  solution  of  dragon's  blood  in  spirit 
of  wine,  is  used  for  staining  marble,  to  which  it  gives  a  red 
tinge. 

Dragon  Shell,  in  Natural  History,  a  name  given  by  people 
curious  in  shells  to  a  species  of  concamerated  patella  or  lim- 
pet. This  has  a  top  very  much  bent,  and  is  of  an  ash-colour  on 
the  outside,  but  of  an  elegant  and  bright  flesh-colour  within. 
It  has  been  found  sticking  on  the  back  of  a  tortoise,  as  the 
common  limpets  do  on  the  sides  of  rocks,  and  some  have  been 
affixed  to  large  shells  of  the  pinna  marina. 

DRAGOON,  in  Military  alfairs,  a  musketeer  mounted  on 
horseback,  who  sometimes  fights  or  marches  on  foot,  as  occa- 
sion requires. 

DRAINING,  the  art  of  clearing  wet  and  boggy  lands  of  their 
superfluous  moisture.  Land  becomes  charged  with  moisture 
from  two  causes: — 1.  From  water  collected  in  the  higher 
grounds,  and  filtering  among  the  different  beds  of  gravel  and 
other  porous  materials,  forming  springs  below,  and  flowing 
over  the  surface,  or  stagnating  underneath  it.  2.  From  rain  or 
water  lodging  and  becoming  stagnant  on  the  surface,  from  the 
clayey  or  impervious  nature  of  the  soil,  or  superior  stratum. 
The  first  of  these  causes  bogs,  swamps,  and  morasses,  and  is 
the  most  difficult  to  be  remedied. 

Springs  are  formed  in  the  bowels  of  the  earth,  by  water 
percolating  through  strata  of  a  porous  texture,  and  it  continues 
to  descend  till  it  meets  with  a  stratum  of  clay  that  intercepts 
it  in  its  course,  where,  being  collected  in  large  quantities,  it  is 
forced  to  seek  a  passage  through  the  strata  of  sand,  gravel,  or 
rock,  that  may  be  above  the  clay,  following  the  course  of  them 
till  they  approach  the  surface  of  the  earth,  or  are  interrupted 
by  any  obstacle  which  occasions  the  water  to  rise,  thus  forming 
springs,  bogs,&c.  which  being  variously  diversified,  in  different 
circumstances,  produce  that  variety  of  appearances  in  this 
respect  that  we  often  meet  with.  This  being  the  case,  we  may 
naturally  conclude,  that  an  abundant  spring  need  never  be 
expected  in  any  country  that  is  covered  to  a  great  depth  with 


sand,  without  any  stratum  of  clay  to  force  it  upwards,  as  is  the 
case  in  the  deserts  of  Arabia  ;  neither  are  we  to  expect  an 
abundant  spring  in  any  soil  that  consists  of  a  uniform  bed  of 
clay  from  the  surface  to  a  great  depth,  for  it  must  always  be  in 
some  porous  stratum  that  the  water  flows  in  abundance  ;  and  it 
can  be  made  to  flow  horizontally  in  that  only  when  it  is  sup- 
ported by  a  stratum  of  clay,  or  other  substance  that  is  equally 
impermeable  by  water.  Hence  the  rationale  of  that  rule  so 
universally  established  in  digging  for  wells,  that  if  you  begin 
with  sand  or  gravel,  &c.  you  can  seldom  hope  to  find  water  till 
you  come  to  clay  ;  and  if  you  begin  with  clay,  you  can  hope  for 
none  in  abundance  till  you  reach  to  sand,  gravel,  or  rock.  It 
is  necessary  that  the  farmer  should  attend  to  this  process  of 
nature  with  care,  in  his  practice  of  draining  bogs,  and  every 
species  of  damp  and  spouting  ground. 

DRAM.A.,  a  Poem  in  which  the  action  is  represented.  To 
the  Greeks  we  owe  the  invention  of  both  forms  of  dramatic 
composition,  tragedy  and  comedy.  These  exhibitions  were 
extremely  simple.  The  action  was  continued  from  beginning 
to  end,  without  pauses  or  intervals;  there  was  no  change  of 
scene ;  and  the  attention  of  the  spectators  was  continually 
occupied  by  the  actors.  The  modern  stage  gives  wider  scope 
to  the  imagination,  and  renders  the  strict  observance  of  the 
unities  less  necessary.  The  introduction  of  pauses  by  the 
division  of  acts  justifies  a  change  of  scene,  and  also  allows  a 
longer  extension  of  time,  without  any  violation  of  probability. 
Thus  a  greater  range  of  subjects  for  dramatic  representation  is 
provided,  while  at  the  same  time,  as  the  obstructions  of  art  are 
removed,  the  mirror,  if  we  may  so  express  ourselves,  becomes 
more  true  to  nature.  The  poet  may  so  construct  his  drama  as 
to  lead  the  imagination  of  his  audience  along  with  him,  and 
thus  may  pass  in  review  the  striking  events. 

DRAPERY,  in  Sculpture  and  Painting,  signifies  the  repre- 
sentation of  the  clothing  of  human  figures,  and  also  hangings, 
tapestry,  and  curtains. 

DRASTIC,  in  Physic,  a  term  applied  to  medicines  which  are 
potent  in  their  operation,  particularly  cathartics. 

DRAUGHT,  in  Trade,  called  also  Cloff  or  Clourjh,  is  a  small 
allowance  on  weighable  goods,  made  by  the  king  to  the  im- 
porter, or  by  the  seller  to  the  buyer,  that  the  weight  may  hold 
out  when  the  goods  are  weighed  again.  The  king  allows  1  lb. 
draught  for  goods  weighing  no  less  than  I  cwt.  ;  2  lb.  for  goods 
weighing  between  1  and  2  cwt.  ;  3  lb.  for  goods  weighing 
between  2  and  3  cwt. ;  41b.  from  8  to  10  cwt. ;  7  lb.  from  10 
to  18  cwt. ;  9  lb.  from  18  to  30  cwt.  or  upwards. 

Draught,  the  depth  of  a  body  of  w  atcr  necessary  to  float  a 
ship  ;  hence  a  ship  is  said  to  draw  so  many  feet  of  water,  when 
she  is  borne  up  by  a  column  of  water  of  that  particular  depth 
for  instance,  if  it  requires  a  body  of  water  whose  depth  is  equal 
to  12  feet,  to  float  or  buoy  up  a  ship  on  its  surface,  she  is 
said  to  draw  12  feet  water;  and  that  this  draught  may  be 
more  readily  known,  the  feet  are  marked  on  the  stem  and 
stern-post  from  the  keel  upwards. 

DRAUGHT-HOOKS,  are  large  hooks  of  iron  fixed  on  the 
checks  of  a  gun-carriage,  two  on  each  side,  one  near  the  trun- 
nion-hole, and  the  other  at  the  train,  for  the  convenience  of 
drawing  it  backwards  or  forwards. 

DRAWBACK,  in  Commerce,  an  allowance  made  to  mer- 
chants on  the  re-exportation  of  certain  goods,  which  in  some 
cases  consists  of  the  whole,  in  others  of  a  part  of  the  duties 
which  had  been  paid  upon  the  importation.  A  still  more 
equitable  arrangement  than  that  of  drawbacks,  is,  to  allow  the 
merchant  who  imports  any  commodity  which  he  may  probably 
wish  to  export  again,  to  deposit  it  in  the  king's  warehouses, 
giving  a  bond  for  the  payment  of  the  duties,  should  he  dispose 
of  it  for  home  consumption.  This  is  called  bonding,  and  is 
allowed  to  a  considerable  extent. 

DRAWBRIDGE,  a  bridge  made  after  the  manner  of  a  door, 
to  draw  up,  or  let  down,  as  occasion  serves,  before  the  gate  of 
a  town  or  castle.     See  Bridge. 

DRAWING,  may  properly  be  defined  the  art  of  giving  a 
correct  outline  of  any  or  every  subject  which  has  existence  in 
nature  ;  and  it  is  by  far,  very  far,  the  most  difficult  part  in  the 
formation  of  a  picture.  A  correct  outline  will,  without  the 
assistance  of  any  kind  of  shade  or  colour,  convey  to  our  mindi 
the  most  accurate  idea  not  only  of  a  single  subject,  but  of  many 
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various  objects  assembled  together,  so  that  we  shall  be  able  to 
say,  this  is  a  correct  likeness  or  resemblance  of  objects  familiar 
to  us,  or  of  others  which  the  mind's  perception  can  embrace  of 
objects  which  have  never  previously  passed  before  its  view, 
but  which,  from  association,  it  can  embody,  fancy,  or  imagine 
as  existing. 

The  precise  time  when  this  elegant  art  was  first  practised, 
cannot  now  be  ascertained.  That  the  earliest  inhabitants  of 
Egypt  surpassed  at  one  period  all  other  nations  in  works  of 
art,  as  well  as  in  literary  pursuits,  no  one  can  doubt  that  has 
dwelt  upon  the  historic  page.  The  remains  of  celestial  Thebes, 
with  her  1000  gales,  and  the  paintings  still  in  existence  upon 
some  of  the  walls  of  these  gigantic  monuments  of  the  genius  of 
former  ages,  are  a  convincing  proof,  that  the  Egyptians  excelled 
the  moderns  in  the  art  of  fixing  colours.  While  the  paintings 
of  'more  modern  artists  fade  in  a  few  years,  and  assume  the 
sickly  hue  of  age,  theirs  retain  the  glow  and  brilliancy  of  youth 
through  the  course  of  ages.  But  their  finest  specimens  of 
drawing  fall  far  short  of  the  beauty  and  correctness  of  design 
of  their  successors  and  their  rivals.  The  Egyptian  outlines 
were,  generally  speaking,  (though  tlitre  are  some  exceptions, 
no  doubt,)  uncouth,  preposterous,  and  unnatural  :  their  sculp- 
ture also  partook  of  these  defects  in  the  greatest  possible 
degree  ;  and  while  we  gaze  with  almost  speechless  amazement 
at  their  stupendous  architecture,  and  their  ornamental  statuary 
which  adorns  it — while  we  look  with  astonishment  at  the  bril- 
liancy of  their  coloured  paintings,  which  remain  unfaded  to  the 
present  day,  we  look  in  vain  for  that  fair  proportion,  beauty  of 
design,  and  accurate  skill,  which  characterize  the  less  stupen- 
dous works  of  later  artists. 

Greece,  innnortal  Greece,  presents  us  with  many  remains  of 
perfection  in  sculpture,  but  her  paintings  and  her  drawings  have 
sunk  into  that  gulf  which  alike  consumes  tlie  works  of  the 
learner  and  the  proficient.  That  the  ancient  Greeks  excelled 
in  painting,  as  well  as  sculpture,  many  are  the  records  ;  but  no 
trace  is  left  of  the  works  of  Phidias,  and,  no  doubt,  of  many  oiher 
celebrated  painters,  whose  works  were  cherished  and  highly 
prized  by  their  admiring  citizens.  Fancy,  or  imagination,  has 
given  the  merit  of  drawing  to  a  Grecian  lover,  sitting  by  his  mis- 
tress, who  is  supposed  to  have  seized  the  idea  of  retaining  her 
resemblance  by  tracing  her  likeness  on  a  wall  upon  which  her 
shadow  fell.  Enchanted  with  the  thoughts  of  possessing  that 
which  would  be  to  him  an  inexhaustible  fund  of  happiness  and 
pleasure,  he  carefully  sketched  the  outline  of  that  face  he  so 
much  admired,  and  from  that  time  forward  practised  the  art 
of  drawing  with  great  success,  opening  to  his  highly-gifted 
mental  countrymen  a  source  of  perpetual  pleasure,  and  leading 
eventually  to  the  cultivation  of  the  more  sublime  art  of  Sculp- 
ture. Its  origin  is  of  little  importance  ;  our  present  duty  is  to 
give  those  instructions,  or  general  rules,  to  those  who  wish  to 
make  it  cither  a  study  or  an  amusement. 

The  first  class  of  drawing  is  undoubtedly  that  of  the  human 
figure,  the  most  dilficult  to  excel  in,  and  when  done  well,  by 
far  the  most  beautiful. 

Landscape  is  the  next  class,  and  this  should  include  all  sub- 
jects of  natural  history,  according  to  the  peculiar  character  of 
the  country  or  scene  depicted.  Birds,  Beasts,  Fishes,  Insects, 
Reptiles,  and  Flowers,  present,  however,  individual  subjects  of 
study  to  attain  perfection,  which  requires  both  time,  labour, 
and  experience. 

In  the  theory  of  all  these  different  minor  objects,  trivial  as 
they  may  appear,  a  knowledge  of  Perspective  is  necessary. 
Even  the  wings  of  a  butterfly  when  flying,  and  the  feet  of  a 
caterpillar  when  crawling,  must  be  placed  in  a  perspective 
view,  for  the  insect  either  to  fly  or  walk  properly.  This  kind 
of  perspective  is  not,  perhaps,  to  be  acquired  so  much  by  rule 
as  by  eye, — but  there  are  certain  rules  which  may  be  pointed  out 
even  for  these,  as  necessary  to  give  them  an  appearance  of 
nature.  Take  the  wings  of  a  butterfiy,  which  close  perpendi- 
cularly, for  instance,  when  the  insect  is  in  a  quiescent  state. 
If  the  two  back  wings  were  not  drawn  a  Utile  lower  than  those 
which  are  nearest  to  the  spectator,  the  insect  would  strike 
every  eye  as  possessing  something  unnatural  in  its  construc- 
tion, though  the  person  who  censured  the  performance  might 
not  be  able  to  point  out  the  defect  which  he  blamed. 

A  correct  outline   will  portray  a  countenance  so  accurately, 
?6. 


tliat  the  likeness  may  be  recognized  by  all  who  know  the  party 
represented.  Of  how  muc^h  importance  is  it  then  to  those 
who  wish  to  excel  in  this  delightful  art,  that  they  should  devote 
their  principal  attention  to  drawing;  and  first  of  all  wc  wish 
to  assist  the  student,  by  laying  before  his  observation  those  rules 
and  proportions  which  time  and  experience  have  pronounced 
infallible,  as  guides  to  excellence  in  this  enchanting  art. 

The  Proportions  of  the  Human  Fiyure. — The  head  and  face 
form  the  scale  by  which  the  figure  is  measured.  A  man's  height 
is  composed  of  seven  heads  and  a  half,  and  his  arms,  when 
extended,  should  measure  the  same  length  from  one  middle 
finger  to  the  other.  The  head  should  be  of  an  egg-shaped  form, 
rather  than  an  oval,  as  shewn  in  the  Plate,  Drawiny,  fig.  6,  No.  1 
and  2.  This  is  to  be  divided  into  four  equal  parts,  the  eyes 
falling  upon  the  middle  line.  No.  I,  which  divides  it  into  the  half 
See  figs.  2  and  .3,  which  will  together  give  the  proportions  of 
every  part  of  the  body  ;  but  it  is  necessary  to  observe,  that  in  all 
these  proportions  some  respect  must  be  paid  to  the  characters  of 
the  figures  drawn,  and  that  there  is  a  dillerence  in  the  propor- 
tions of  a  man  and  a  woman,  must  be  evident  to  every  casual 
observer;  and  in  order  the  belter  lo  give  the  learner  a  correct 
idea  upon  the  subji'ct.  we  shall  subjoin  a  table  of  the  propor- 
tions of  the  Apollo  Pythiusand  the  Venus  Aphrodites. 

Length  of  the  Head  and  Trunk  of  the  Body. 

APOLTO.  VENVS. 

lis.  Pu.  Mis.    Hi.  Pu.  Mm. 

From  the  top  of  the  bead  to  the  bottom  of 

the  chin  4  parts,  or 10    0       10     0 

,,  the  bottom  of  the  chin  to  the  top  of  the 

sternum  or  breast-bone 0     17      0     18 

,,  the  top  of  the  sternum  to  the  pit  of  the 

stomach 0     .3  10      0     .3     6 

„  the  pit  of  the  stomach  to  the  navel 0     2  10      0     2     7 

„  the  navel  to  the  pubis 0    3    6      0    3    9 

Length  of  the  head  and  trunk  of  the  body  3    3    9      3     3    6 

Lenyth  of  the  Lower  Extremities. 
From  the  pubis  to  the  small  of  the   thigh 

above  the  patella  or  knee-pan 12     6       12     3 

„  the  small   of  the  thigh  to  the  joint  or 

middle  of  the  knee 0     1     9       0     1     C 

„  the  joint  of  the  knee  to  the  small  of  » 

the  leg  above  the  ancle 119       12    0 

„  the  top  to  the  bottom  of  the  ancle 0     10      0     10 

„  the  bottom  of  the  ancle  to  the  bottom 

of  the  heel 0    0    9      0    0    9 

Length  of  the  lower  extremities 3     3    9      3    3     6 

Length  of  the  head  and  trunk  as  above..   3    3     9      3    3     6 

Total  length  of  the  figures 7    3    6  7    3    0 

Leiiglh  of  the  Fore  Arm,  or  I'ppcr  Extremities. 

From  the  top  of  the  shoulder  to  the  elbow  1     2    3  12    3 

„  the  elbow  to  the  hand 112  10     6 

,,  the  joint  of  the  hand  to  the  root  of  the 

middle  finger 0     18  0     16 

,,  the  root  to  the  tip  of  the  middle  finger  o     1   10  0     17 

Length  of  the  upper  extremities 3    2  11       3     1   10 

Breadth  between  the  outward   angles  of 

the  eyes 0  16  0     17 

„    of  the  face  at  the  temples 3  2    2  0    2    2 

„     of  the  upper  part  of  the  neck 0  2     0  0     1   11 

„     over  the  shoulders 0  0     0  13     8 

,,     of  the  body  below  the  armpits I  2     5  I      1     8 

„     between  the  nipples 0  t     7  0     3     8 

„     from  the  bottom  of  the  chin  to  the 

horizontal  line  of  the  nipples   1  0     7  1     01 

„     of  the  body  at  the  small  of  the  waist   110  10     8 

„     over  the  loins,  or  OS  ilium I  1     3  1      1     6 

,,     over   the   haunches,  or  tops  of  the 

thighbones 115  12     3 

„     of  the  thigh  at  the  lop o  3     0  0     3     1 

„     of  the  thigh  below  the  middle 0  2     8J  0     2     7 

„    of  the  thigh  above  the  knee 0  18  0    2    0 

3q 
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APOLtO. 
Hs.  Pu.  Min. 

Breadth  of  the  leg  below  the  knee 0  16 

„     at  the  calf  of  the  leg 0  2     4 

,     below  the  calf 0  17 

„     above  the  ancle 0  12 

,,     of  the  ancle 0)4 

„     below  the  ancle 0  1      1| 

„     middle  of  the  foot 0  14 

„     at  the  roots  of  the  toes 0  17 

,,     of  the  arm  over  the  biceps  muscle.  .018 

„     of  the  arm  over  the  elbow 0  16 

,,     of  the  arm  below  the  elbow  over  the 

long  supinator 0  1   10 

„     of  the  wrist 0  1     1 

„     of  the  hand  over  the  first  joint  of  the 

thumb 0  1     9 

,,     of  the   hands  over  the  roots  of  the 

fingers 0  1     7 

„     over  the  heads  of  the  scapulae   or 

shoulder  blades 12    0 

Length  of  both  arms  and  hands,  each  of 
the  Apollo's  being  3  h.  2  p.  1 1  m.  and  the 

Venus3h.  Ip.  5  m 7  1   10 

Breadth  between   the  lips  of  the  middle 
fingers  of  each  hand  when  the  arms  are 

stretched  out  horizontally 8  3  10 

Side  View. 

Length  from  the  top  of  the  head  to  the 

shoulder 1  1     8 

„     From  the  top  of  the  shoulder  to  the 

loins  above  the  hip 13     8 

„     from  the  loins  to  the  lower  part  of 

the  hip 1  0    2 

„     from  the  hip  to  the  side  of  the  knee, 

opposite  to  the  top  of  the  patilla.  .12    0 

„  from  tlie  side  of  the  knee  to  the  bot- 
tom of  the  heel  2  0    5 

Length  of  the  figures 7  3     0 

Thickness  from  the  fore  to  the  back  part 

of  the  skull 0  3    6 

„     from  the  rising  of  the  nose  to  the  tip 

oftheear 0  1     8"- 

„     from  the  upper  part  of  the  neck.. ..  0  2     0 
,,     from  the  breast  to  the  back  over  the 

nipples 10     6 

,,     from  the  belly  to  the  small  of  the  back  0  3     6 
„     from  the  belly  above  the  navel  to  the 

back  of  the  loins 0  3    9 

„     from  the  bottom  of  the  belly  to  the 

round  of  the  hip 1  0     0 

„     from  tlie  fore  part  of  the  thigh  to  the 

bottom  of  the  hip 1  3     2 

„     of  the  thigh,  at  the  middle 0  3     3 

„     of  the  thigh  above  the  knee 0  2     1 

„     at  the  middle  of  the  knee  below  the 

patella 0  2     1 

„     of  the  leg  below  the  knee 0  19 

„     of  the  leg  at  the  calf 0  1     8 

„     of  the  leg  at  the  ancle 0  I     5J 

„     of  the  foot  at  the  thickest  part 0  0    0 

,,     length  of  the  foot 1  0    6 

„     from  the  fore  part  of  the  bend  of  the 

foot  to  the  lower  and  back  part  of 

the  heel 0  0     0 

„     of  the  arm  over  the  biceps 0  2    0 

„     overtheeibow 0  16 

„     below  the  elbow 0  15 

„     at  the  wrist Oil 

„     below  the  joint  of  the  wrist 0  16 

,,     of  the  hand  at  the  roots  of  the  fingers  0  0     5J 

„     at  the  roots  of  the  nails 0  0    35 
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The  figure  of  a  child  has  been  divided  by  artists  into  four, 
five,  or  six  parts,  the  head  forming  one.  In  drawing  the  head 
of  a  child,  two  circles  are  formed,  a  larger  and  a  smaller  one, 
as  in  fig.  7 ;  when  the  head  looks  up,  the  lower  circle  grows 
longer,  as  in  fig.  5;  when  it  looks  down,  it  recedes,  and  there- 
fore must  necessarily  diminish,  as  in  fig.  4.  But  these  propor- 
tions being  given,  some  few  observations  still  remain  to  be 
made.  In  figures  which  exhibit  great  strength  and  gigantic 
form,  as  the  Farnesian  Hercules  for  instance,  the  proportions 
are  not  always  exact.  The  length  of  the  foot  of  figures  ia 
general,  is  given  as  one-sixth  of  the  figure  ;  but  in  the  Hercules 
it  is  rather  more,— as  in  the  Venus  it  is  rather  less.  But  here 
judgment  must  be  called  in  to  aid  the  practitioner,  as  in  many 
other  respects  it  must  constitute  one  of  the  chief  assistants 
towards  perfection. 

The  head  of  the  human  figure  is  the  most  expressive  part  of 
it.  Every  other  member  may  indicate  some  one  passion, — the 
head  expresses  them  all.  Next  to  the  head,  the  hands  are  the 
most  eloquent  members,  and  they  give  double  effect  to  the  mean- 
ing of  the  countenance,  as  few  examples  will  convince  os,  that 
they  all  but  speak.  The  hands  clasped,  the  head  inclining  upward, 
this  attitude, whether  the  subject  be  standing,  kneeling,  or  sitting, 
instantly  conveys  to  our  mind  supplication.  The  hands  crossed 
upon  the  breast,  with  the  same  elevation  of  the  head,  denote  wrapt 
devotion  ;  the  hands  clasped  upon  the  breast,  and  the  head 
declining,  denote  pious  resignation  and  submission.  With  the 
hands,  in  fact,  we  pray,  beseech,  reject,  invite,  dismiss,  im- 
plore, approve,  condemn,  &c. ;  but  the  varying  passions  of  the 
human  face,  the  rapid  workings  of  the  soul,  the  tumultuous 
feelings  of  joy,  love,  anger,  contempt,  hate,  disdain  ;  the  more 
compound  feelings  of  jealousy,  revenge,  &c.  these  can  only  he 
portrayed  by  the  face.  Art  may  happily  catch  some  of  these 
feelings,  varying  expressions,  but  she  can  express  but  one 
passion  at  the  same  moment.  Hence  the  painter  who  found  it 
impossible  to  depict  the  workings  of  a  father's  heart,  when 
Agamemnon  stood  by  the  altar  at  the  sacrifice  of  Iphigenia, 
covered  the  royal  mourner's  face  with  his  robe.  The  picture  of 
the  two  misers,  painted  by  the  blacksmith  of  Antwerp,  has 
most  happily  succeeded  in  expressing  anxiety  and  joy  at  the 
same  time  in  the  face  of  the  figure  vihich  is  looking  at  the 
spectator.  There  is  a  scintillation  in  the  eyes  which  bespeaks 
his  joy  and  delight  at  the  riches  before  him,  but  his  countenance 
is  nevertheless  wonderfully  expressive  of  his  miserly  anxiety. 

Le  Brun  has  endeavoured  to  give  designs  of  all  the  passions 
but  many  of  his  heads  upon  this  subject  appear  to  be  carica 
tares  ;  at  any  rate,  the  total  distortion,  and  forced  violence, 
which  every  feature  betrays  in  the  heads  designed  to  represent 
jealousy,  hate,  horror,  and  many  others,  are  undoubtedly  quite 
overdrawn.  That  the  same  face  will  be  hardly  recognized 
when  tranquil,  to  be  the  same  when  under  the  workings  of 
violent  passion,  cannot  be  denied  ;  but  that  he  has  greatly  out- 
stepped nature  in  the  transformation  the  passions  make  in  the 
'  human  face  divine,'  is  equally  not  to  be  denied.  Yet  it  is  not 
our  intention  to  depreciate  the  abilities  of  Monsieur  Le  Brun, 
but  merely  to  refer  the  student  to  the  study  of  nature,  in  pre- 
ference to  the  models  he  has  left  of  the  passions.  In  exhibiting 
the  passions,  it  is  also  necessary  that  the  whole  body  should 
bear  somewhat  of  the  same  character.  How  ridiculous  would 
it  be  to  place  a  head  portraying  rage,  upon  a  body  in  a  quies- 
cent state.  Besides  which,  rage  may  be  displayed  in  more 
ways  than  one.  The  man  of  ungoverned  temper  throws  himself 
into  a  thousand  extravagant  attitudes,  extends  his  arms, 
makes  rapid  strides  towards  the  object  of  his  anger,  his  face 
reddens,  &e.  But  the  man  in  whom  rage  may  be  equally 
powerful,  but  who  at  the  same  time  has  accpiired  some  degree 
of  self-command,  becomes  pale,  his  countenance  works,  but  his 
motions  are  rather  restrained  than  violent :  if  he  walks  his  step 
is  firm,  and  his  attitudes  more  terror-striking  to  the  mind  than 
those  of  the  former,  who  excites  fear  for  our  immediate  pcrsunni 
safety  only.  Again,  the  position  of  a  man  under  the  eftect  of 
terror  and  affright,  may  be  depicted  in  more  ways  than  one 
Sometimes  fear  deprives  a  man  of  the  power  of  motion  ;  some- 
times he  is  urged  to  precipitate  flight,  and  sometimes  he  falls 
prostrate  to  the  ground.  The  expression  of  fear,  as  depicted 
in  the  countenance,  should  agree  with  each  of  these  attitudes. 
There   should,   in  fact,   be  a  unison  in  the  whole  figure ;  all 
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should  be  harmony:  and  as  we  are  surrounded  by  human 
nature,  actuated  by  all  their  passions,  we  have  now  only  to 
become  close  observers  of  what  passes  around  us,  to  acquire  a 
knowledge  of  which  is  indispensable  towards  the  attainment  of 
that  excellence  which  every  artist  should  aspire  to,  and  which 
the  labours  of  the  most  aged  artists  still  find  evading  their 
grasp,  in  someone  shape  or  another.  But  this  should  act  as  a 
spur  to  the  youthful  student,  rather  than  a  curb. 

Grace  is  another  point  of  material  and  essctUial  consequence 
for  a  beautiful  outline;  but  here  again  judgment  must  be  called 
to  our  aid,  for  that  which  would  constitute  t/race  in  a  Venus, 
would  be  any  thing  but  yiace  if  given  to  Minerva.  The  atti- 
tude of  a  judge,  an  orator,  may  be  graceful,  but  it  would  be 
folly  to  think  for  an  instant  that  their  attitude  should  resemble 
that  of  a  young  Bs<|uimaux  Indian.*  In  the  former,  animated 
dignity  would  constitute  grace, — in  the  latter,  roundness  of 
limb,  muscular  strength,  and  a  light  yet  firm  attitude,  agreeably 
to  the  pursuit  he  was  following,  whether  running,  standing,  &e. 
would  constitute  grace.  That  grace  of  motion  has  always 
been  considered  as  one  of  the  leading  characteristics  in  female 
beauty,  we  have  the  sanction  of  the  sweet  Mantuan  poet:  in 
the  5C0th  line  of  the  first  book  of  the  yEneis,  he  says — 
*'  And  by  her  graceful  walk,  the  qaeen  of  love  is  known," 

Beauty  has  been  considered  merely  ideal.  That  it  is  so  partly, 
is  true;  since  the  Negro  and  the  Chinese  diller  as  much  in 
their  ideas  upou  Uiis  subject,  as  they  do  with  the  Europeans, 
and  other  Asiatics.  Yet  we  are  not  disposed  to  dispute  with 
either  of  these  nations  the  palm  of  female  beauty  ;  the  small 
dark  eyes  of  the  one,  and  their  fair  skin  and  crippled  feet,  or 
the  flat  nose  and  prominent  lips  of  the  other,  have  no  attrac- 
tions for  us.  Every  nation  has  a  peculiar  cast  of  countenance, 
and  the  most  beautiful  of  the  cast  forms  the  standnnl  national 
idea  of  beauty.  If  it  were  possible  to  place  a  beautiful  woman 
from  Italy,  Spain,  France,  Germany,  England,  Holland,  Cir- 
cassia,  Georgia,  &,c.  si<le  by  side,  we  should  be  amused  and 
enchanted  beyond  measure,  for  they  would  all  possess  a 
different  style  of  beauty,  yet  each  would  still  be  beautiful.  The 
artist,  therefore,  who  intends  to  excel  in  historic  painting, 
should  be  conversant  with  all  these.  How  much  the  ideas  of 
the  ancients  varied  respecting  beauty,  may  be  seen  from  con- 
sulting their  works,  which  still  remain  to  us.  The  Venus  de 
Medicis,  Niobe,  Ariadne,  and  the  Antiniius,  are  matchless 
examples  of  beauty  ;  yet  how  dift'ereut  are  they!  The  Apollo 
deBelvidere  is  majesty  personified  ;  and  who  could  look  at  the 
head  only  of  the  Farnesian  Hercules,  and  not  recognize  strength 
as  the  leading  feature  of  the  whole  statue? 

Costume,  too,  should  occupy  his  attention — every  part  of  his 
picture  should  harmonize.  Even  when  designiner  stories  from 
ancient  times,  the  costume  and  manners  of  those  times  should 
be  attended  to ;  for  if  the  subject  is  worth  painting,  it  is  snrely 
worth  painting  well  and  accurately.  Nothing  should  be  con- 
sidered unimportant  which  can  illustrate  the  subject  intended 
to  be  represented.  It  is  not  necessary  for  this  purpose  to 
crowd  the  design  with  a  multitude  of  inferior  objects  or 
ornaments  ;  but  when  such  things  are  introduced,  they  should  be 
in  character.  Simplicity  of  style  partakes  often  of  the  sublime. 
To  paint  Cato  in  tinselled  robes  and  gewgaws  would  be  indeed 
absurd,  yet  there  are  subjects  in  which  it  would  be  equally 
absurd  to  omit  them. 

Tl.c  mtended  artist  must  be  aware,  that  before  he  can  draw 
a  whole  figure,  he  must  draw  each  feature  and  limb  separately, 
and  this  is  not  to  be  slightly  done,  but  from  the  best  designs 
or  rnodels  he  can  procure,  with  the  greatest  attention,  till  he  is 
familiarized  with  every  one  of  them.  The  hands  and  feet  are 
particularly  diflicult,  and  require  an  infinity  of  practice  :  per- 
haps indeed  perf.  ction  in  the  innumerable  forms  they  take, 
is  not  to  be  ac(|uircd,  except  by  those  who  study  anatomical 
drawings.  This  is  but  little  attended  to  by  beginners,  who  arc 
impatient  to  draw  a  "  ivhnle  length  fgure!"  foolishly  imagining, 
that  because  they  can  make  a  heap  of  unmeaning  eyes  and 

•  When  Ihelale  Mr.  West  first  saw  Uie  Apello  Belvidere,  lie  cxcUinica, 
"  Ho%v  like  a  young  Estniiinaux  Indian  he  looks!"  The  Italians  were 
offended,  till  he  assured  them  "  he  had  seen  au  Esquimaux  precisely  in  Uie 
•ame  attitude  when  eager  in  bis  chase."     West  was  on  American   bj  birtli, 


noses,  misshapen  bands  and  feet,  &cc.  they  are  fully  competent 
to  join  them  together,  and  ha\ing  done  so,  they  produce  an  ill- 
formed  disgusting  object,  which  in  fact  proves  they  are  but 
"  nature's  journeymen  who  had  made  men,  and  not  made  them 
well,  they  imitated  humanity  so  abominably."  This  should  be 
reformed  altogether.  Drawing  is  a  work  of  infinite  labour. 
Genius  may  shew  itself  early,  and  produce  fine  wild  sketches, 
prophetic  of  what  may  be  done  in  future,  but  genius  alone 
without  study,  never  can  produce  a  perfect  work  ;  it  may  and 
will  sooner  acquire  perfection,  but  no  excellence  beneath  the 
sun  is  to  be  attained  without  labour.  This  cannot  be  too  deeply 
impressed  upon  the  learner's  mind.  It  would  be  advisable  as 
one  of  the  steps  to  freedom  of  drawing,  to  observe,  that  the 
pencil  in  slutcliing  should  be  held  at  a  greater  distance  from 
the  point,  than  a  pen  in  writing;  and  indeed  longer  than  it  is 
necessary  to  hold  it  in  finishing.  The  hand,  in  sketching  or 
drawing,  should  not  rest  on  the  ends  of  the  two  last  fingers,  as 
in  writing;  but  it  should  not,  if  the  drawing  is  large,  touch  the 
paper  at  all  in  making  the  first  outline,  and  the  paira  of  the 
hand  should  turn  upwards  nearly  ;  in  smaller  drawings,  not  so 
much  so,  because  it  would  be  scarcely  possible  to  steady  the 
hand  suflicicntlj  to  make  minute  touches  without  a  support. t 
The  artist  should  stand  as  much  as  possible  at  his  studies, 
because  standing  is  more  generally  conducive  to  health,  than 
sitting  and  stooping  over  a  desk  for  a  continuatiim. 

The  materials  for  drawing  are,  lead  pencil  and  chalk*.  Indian 
rubber  should  be  used  as  little  as  possible,  for  two  reasons — 
in  the  first  place,  it  soils  the  paper  when  too  frequently  applied 
toil;  and  in  the  second,  it  gives  an  idle  incorrect  stjle  of 
drawing,  which  should  be  most  carefully  avoided.  The  first 
sketch  should  be  so  light,  that  the  last  correction,  and  it  should 
undergo  many,  should  conceal  it  wholly.  Correct  subjects  to 
copy  from,  and  fine  models,  are  indispensable. 

With  regard  to  the  shading  of  figures  without  colour,  two 
means  are  adopted  ;  the  one  is  accomplished  thus :  We  give  a 
round  object,  because  it  comprises  light,  shade,  and  reflection, 
decidedly.  I.  Light.  2.  Sha/le.  3. 
Reflection.  If  the  eye  be  half  closed, 
these  three  will  be  distinctly  observed 
upon  all  round  objects,  whether  long, 
as  in  a  cjlindiical  form,  or  in  a  globe, 
or  on  a  woman's  arm,  the  roundness 
of  which  is  not  interrupted  by  strong 
muscular  lines.  Care  should  be  taken, 
that  the  lines  fornring  a  shadow  do  not 
make  squares,  thus,  — but  rather  tliuj^ 
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which  lines  harmonize,  and  do  not  offend  the  eye.  Forei' 
drawing  book  gives  excellent  specimens  of  this  shading,  and  the 
engravings  are  exact  representations  of  what  pencil  and  chalk 
shading  j/io«W  be,  unless  they  are  softened  with  a  shiinp.  The 
stump  is  principally  applied  to  chalk  drawing  upon  coloured 
paper.  White  chalk  is  then  used  to  mark  those  prominent 
parts,  which  upon  white  paper  would  be  left  untouched. 

As  the  student  advances  in  his  studies,  he  will  find  pleasure 
increase,  and  it  is  very  seldom  that  the  diligent  and  skilful 
remain  in  ob.scurity,  when  they  have  attained  to  a  certain 
degree  of  excellence  ;  but  he  should  be  content  to  be  unknown 
till  that  period  arrives.  Diligently  and  secretly  he  must  work 
his  way,  till  he  feels  he  may  venture  before  a  judicious,  disccri>- 
ing,  enlightened  public. 

With  regard  to  Landscape  Drawing,  ifs  foundation  is  per- 
sjicctive,  {sec  PKUsPKCTfvi-,)  and  its  colouring  must  be  drawn 
from  nature,  (see  Painting.) 

In  drawing  Flowers,  tlie  learner  should  copy  first  of  all  from 

but  still  we  should  fancy  an  Iroqaoia,  or  Canadian  Indian,  nearer  tb«  inodfl 
tlian  an  Esquimaux. 

t  Artists  frequently  rest  the  arm  on  a  piece  of  wood  placed  cdgcwajt, 
when  painting  large  pictures. 


244 


D  R  E 


DICTIONARY    OF    MECHANICAL    SCIENCE. 


D  R  0 


a  sprig  of  laurel  leaves,  as  tlic  most  simple  in  their  formation, 
and  tlieir  size  requiring  great  freedom  iu  the  use  of  tlie  pencil. 
Indeed,  it  would  be  an  advantagje  to  practise  for  some  time 
ntere  lines  of  this  description,  since  a  combination  of  them  in 


various  ways  will  be  found  to  produce  most  of  the  objects 
which  surround  us,  that  are  not  composed  of  straight  lines. 

Nwiierous  have  been  the  plans  adopted  by  ditlerent  artists 
to  produce  a  brilliancy  of  effect  in  flowers.  Some  colours  can 
only  be  procured  by  distillation ;  but  in  this  the  beginner  must 
use  his  own  powers  of  discrimination.  Body  colours  for  the 
leaves,  have  been  frequently  and  strongly  recommended,  but 
body  colour  is  not  essentially  and  absolutely  necessary,  (of 
course  we  are  speaking  of  water  colours.)  It  is  possible  to 
produce  the  most  accurate  resemblance  of  nature  by  common 
•water  colours,  but  then  this  perfection  must  be  attained  by 
repeated  attempts  from  nature;  and  (lowers  should  be  always 
placed  in  the  sun  when  they  are  copied,  because,  as  it  is  next 
to  impossible  ever  to  give  the  brilliancy  of  some  flowers,  (except 
in  oil  painting,)  the  stronger  the  light,  and  shade,  and  colour 
aie  in  nature,  at  the  moment  the  object  is  copied,  the  greater 
probability  \vill  there  be  that  the  drawing  will  be  edective, 
than  if  deprived  of  these  aids.  White  paint  upon  white  flowers 
should  be  used  sparingly  ;  fine  common  chalk  nicely  pulverized 
with  a  little  gum  water,  constitutes,  perhaps,  one  of  the  best 
and  most  permanent  white  paints.  Newman's  "  Constant 
White"  is,  however,  an  excellent  article,  but  the  ordinary 
"  flake  whites,"  &c.  all  turn  blacrk  in  time. 

A  perfect  knowledge  of  colour  can  only  be  obtained  by 
practice  and  the  study  of  nature.  Repetition  day  after  day  of 
the  effect  of  the  different  colours  when  mixed,  and  the  uses  to 
which  they  may  be  applied,  will  give  the  rising  artist  that, 
which  will  in  the  end  constitute  an  original  and  natural  style 
of  colouring.  But,  as  it  is  supposed  no  beginner  would  pre- 
sume to  decide  against  the  opinion  of  those  whose  instructions 
he  is  receiving,  the  above  remarks  are  not  intended  to  set  the 
pupil  in  opposition  to  his  master,  but  merely  to  impress  upon 
the  mind  of  the  student,  that  to  an  artist's  eye,  every  flower  that 
blows,  the  largest  or  the  smallest  objects  which  surround  him, 
whether  a  majestic  tree  or  the  smallest  flower,  whether  a  purl- 
ing stream,  a  foaming  torrent,  a  stagnant  pool,  or  even  the 
minute  drop  of  glistening  dew  which  trembles  on  the  morning 
rose, — these,  and  millions  of  other  objects,  should  be  to  him, 
not  only  sources  of  pleasure,  but  of  intense  attention  and  re- 
flection. 

Let  him  rise  with  the  sun,  and  see  how  different  the  scene 
of  a  lovely  landscape  is,  when  the  first  rosy  tints  of  morning  ap- 
pear— let  him  watch  the  varying  hues  which  succeed  as  the 
vapours  disperse  and  the  golden  orb  advances — let  him  ob- 
serve the  stillness,  the  freshness  of  this  season,  and  let  him 
contrast  it  with  the  effects  of  a  noon-day  sun — then  let  him  see 
the  glorious  orb  sinking  in  golden  purple  floods  of  radiance. 
Still  let  him  wateh  till  the  moon's  pale  beams  throw  her  silvery 
lustre  over  the  same  sweet  landscape,  and  let  him  mark  the 
different  effect  of  the  same  objects,  in  the  same  summer  day! 
and  view  them  again  when  the  stormy  clouds  presage  a  tempest. 
Let  him  do  this  to  the  end  of  the  chapter,  and  the  youthful 
aspirant  may,  in  time,  become  the  renowned  and  celebrated 
artist.  Whatever  class  of  drawing  or  painting  the  artist  chooses, 
I\^ature  must  still  be  his  model,  if  he  would  attain  perfection. 

DREAMS  have  been  described  as  the  imaginations,  fancies, 
or  reveries  of  a  sleeping  man,  and  they  are  said  to  be  dediicible 
from  the  three  following  causes:  1.  The  impressions  and  ideas 
lately  received,  and  particularly  those  of  the  preceding  day. 
2.  The  state  of  the  body,  particularly  the  stomach  and  brain  ; 
and,  3.  Association.  A  Mr.  Andrew  Carmichael  has  started  a 
very  ingenious  theory  of  dreaming.  He  enumerates  no  less 
than  seven  different  states  of  sleeping  and  waking: — 1.  When 
the  entire  brain  and  nervous  system  are  buried  in  sleep  ;  then 
there  is  a  total  exemption  from  dreaming.     2.  When  some  of 


the  mental  organs  are  awake,  and  all  the  senses  aie  asleep; 
then  dreams  occur,  and  seem  to  be  realities.  3.  When  the 
above  condition  exists,  and  the  nerves  of  voluntary  motion  are 
also  in  a  state  of  wakefulness  ;  then  may  occur  the  rare  pheno- 
menon of  somnambulism.  4.  When  one  of  the  senses  is  awake, 
w  ith  some  of  the  mental  organs  ;  then  we  may  be  conscious, 
during  our  dream,  of  its  illusory  nature.  5.  When  some  of  the 
mental  organs  are  asleep,  and  two  or  more  senses  awake  ;  then 
we  can  attend  to  external  impressions,  and  notice  the  gradual 
departure  of  our  slumbers.  6.  When  we  are  totally  awake, 
and  in  full  possession  of  all  our  faculties  and  powers.  7.  When 
under  these  circumstances  we  are  so  occupied  with  mental 
operations  as  not  to  attend  to  the  impressions  of  external 
objects  ;  and  then  our  reverie  deludes  us  like  a  dream. 

DREDGE,  a  kind  of  drag  used  with  a  long  rope  to  catch 
oysters  in  deep  water. 

DRES.SING  OF  Ores,  the  breaking  and  powdering  them  in 
the  stamping-mill,  and  afterwards  washing  them  in  a  wooden 
trough. 

DRIFT,  in  Mining,  a  passage  dug  under  the  earth,  betwixt 
shaft  and  shaft,  or  turn  and  turn  ;  or  a  passage  or  way  wrought 
under  the  earth,  to  the  end  of  a  meer  of  ground,  or  part  of  a 
nicer. 

Drift,  the  angle  which  the  line  of  a  ship's  motion  makes 
with  the  nearest  meridian,  when  she  drives  with  her  side  to  the 
winds  and  waves,  and  is  not  governed  by  the  power  of  the 
helm.  It  also  implies  the  distance  which  the  ship  drives  on 
that  line.  A  ship's  way  is  only  called  drift  in  a  storm,  and 
then  when  it  blows  so  vehemently  as  to  prevent  her  from  carry- 
ing any  sail,  or  at  least  restrain  her  to  such  a  portion  of  sail  as 
may  be  necessary  to  keep  her  sufficiently  inclined  to  one 
side,  that  she  may  not  be  dismasted  by  her  violent  labouring, 
produced  by  the  turbulence  of  the  sea. 

DRILL,  in  Mechanics,  a  small  instrument  for  making  such 
holes  as  cannot  be  done  with  punches. 

Drill,  or  Drill-hox,  a  name  given  to  an  instrument  for  sow- 
ing land  in  the  new  method  of  horse-hoeing  husbandry.  Drill 
sowing  is  a  method  of  sowing  grain  or  seed  of  any  kind,  so  that 
it  may  all  be  at  a  proper  depth  in  the  earth,  which  is  necessary 
to  its  producing  healthful  and  vigorous  plants.  For  this  pur- 
pose a  variety  of  drill  ploughs  have  been  invented  and  recom- 
mended :  but  partly  from  the  expense  attending  the  purchase, 
partly  from  the  complication  of  their  structure,  and  partly  from 
the  attachment  of  the  illiterate  farmer  to  long  habits,  these 
schemes  for  diminishing  labour  have  not  received  the  encou- 
ragement to  which  they  are  entitled. 

DRIVING,  in  the  Sea-language,  is  said  of  a  ship  when  an 
anchor  being  let  fall  will  not  hold  her  fast,  nor  prevent  her 
sailing  away  with  the  tide  or  wind. 

DROMEDARY,  or  Arabian  Camel,  is  distinguishable 
from  every  other  species  of  camel  by  having  a  single  bunch 
upon  the  middle  of  its  back.  This  animal,  which  is  a  native  of 
many  of  the  deserts  of  Asia  and  Africa,  is  of  a  tawny  gray 
colour,  and  has  soft  hair,  which  is  longer  on  the  neck,  under 
the  throat,  and  on  the  bunch,  than  elsewhere.  The  Arabian, 
like  all  other  species  of  camel,  has  its  upper  lip  cleft,  and  its 
feet  with  two  long  hoofs,  on  which  it  treads,  and  two  others 
shorter,  which  do  not  touch  the  ground.  These  animals  c  n- 
stitute  the  principal  source  of  riches,  and  the  whole  force  and 
security,  of  the  Arabians.  They  arc  the  only  beasts  by  which 
the  inhabitants  of  the  sandy  deserts  of  ma-ny  parts  of  Asia  could 
travel  or  convey  their  burdens.  The  caravans  of  merchants, 
which  traverse  in  all  directions  the  deserts  of  Egypt  and  Arabia, 
are  accompanied  by  camels,  that  are  often  more  in  number 
than  the  men.  These  commercial  travels  are  sometimes  to  the 
distance  of  700  or  800  leagues,  and  are  usually  performed  at 
the  rate  of  ten  or  twelve  leagues  a  day,  the  camels  being  every 
night  unloaded  to  rest  and  feed.  The  burden  of  each  camel 
usually  weighs  about  half  a  ton,  and  at  the  command  of  his 
conductor  he  kneels  down,  for  the  greater  convenience  of  being 
loaded.  The  pace  of  the  camel  is  a  high  and  swinging  trot, 
which  to  persons  unaccustomed  to  it  is  at  first  disagreeable  and 
apparently  dangerous,  but  is  afterwards  sufliciently  pleasant 
and  secure.  The  Arabians  in  general  ride  on  a  saddle  that  is 
hollowed  in  the  middle,  and  has  at  each  bow  a  piece  of  wood 
placed  upright,  or  sometimes  horizontally,  by  which  the  rider 
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keeps  himself  in  the  seat.  A  ring  is  inserted  into  the  nostrils 
of  the  came),  to  which  a  cord  is  affixed;  and  this  serves  as  a 
bridle  to  guide  and  stop  him,  or  to  make  him  kneel  when  the 
rider  wishes  to  dismount.  In  the  caravans  of  one  of  the  Ahys- 
sinian  tribes,  tBc  people,  armed  wilh  javelins,  sometimes  ride 
two  together  on  each  camel,  and  sit  back  to  back. 

The  camels  of  Sahara  are  probably  more  fleet  than  any  that 
are  known  ;  and  on  these  animals  the  Arabs,  with  their  loins, 
breast,  and  ears  bound  round,  to  prevent  tlie  injurious  clfects 
of  percussion  from  the  quickness  of  motion,  can  cross  that 
great  desert  in  a  few  days.  With  a  goat's  skin  or  a  porous 
earthen  pitcher  fdled  with  water,  a  few  dates,  and  some  ground 
barley,  the  Arab  travels  from  Timbuctoo  to  Morocco,  feeding 
his  camel  but  once  upon  the  road.  In  one  instance  a  camel 
was  known  to  travel  from  Fort  St.  Joseph,  on  the  river  Sene- 
gal, to  the  house  of  Messrs.  Cabane  and  Depras  at  Mogador,  a 
distance  of  more  than  1000  miles,  in  seven  days. 

The  /lair,  or  fleece,  of  these  animals,  which  is  renewed  every 
year,  and  which  regularly  falls  olf  in  the  spring,  is  so  soft,  that 
the  finest  parts  of  it  may  be  manufactured  into  stulTs  of  beauti- 
ful texture;  and  in  Europe,  wlien  mixed  with  the  fur  of  the 
beaver,  it  is  sometimes  made  into  hats.  The  inhabitants  of 
some  parts  of  Sahara  live  in  tents  of  woven  camel's  hair,  which 
forms  a  thick  covering  completely  water-proof.  After  the  hair 
has  been  stripped  olf,  the  skin  is  converted  into  leather.  In 
Arabia,  the  vii/k  of  the  camel  is  a  most  important  article  of 
nutriment ;  and  the  flesh,  though  dry  and  hard,  is  not  unpalat- 
able, particularly  when  young.  By  the  inhabitants  of  Egypt 
this  is  so  much  esteemed,  that,  in  Cairo  and  Alexandria,  it  was 
formerly  forbidden  to  be  sold  to  the  Christians.  In  many  parts 
of  Africa  the  toiigues  are  salted  and  dried,  both  for  use  and  ex- 
portation ;  and  with  the  ancient  Romans  the  heels  of  camel:? 
were  eaten  as  a  great  delicacy. 

'J'he  Bactrian,  or  Twu-bunched  Cnmcl,  is  known  from  the 
Arabian  species  by  having  two  bunches  on  its  back,  by  being 
somewhat  larger,  and  having  shorter  legs.  This  animal  is 
found  in  Usbec  Tartary,  the  ancient  Bactria :  it  is  likewise  a 
native  of  Siberia,  Thibet,  and  some  parts  of  China.  The  pur- 
poses to  which  the  Bactrian  camel  are  applied,  are  the  same  as 
those  already  described  respecting  the  Arabian  species.  These 
animals,  however,  are  sufficiently  hardy  to  sustain  the  climate 
of  the  temperate  parts  of  Siberia,  and  to  he  able,  without  in- 
jury, to  traverse  even  humid  and  marshy  countries,  which  would 
soon  prove  fatal  to  the  Arabian  camel. 

DRONE,  in  Music,  the  largest  tube  of  the  bagpipe;  the 
office  of  which  is  to  emit  one  continued  deep  note,  as  an 
accompanying  bass  to  the  air  or  tune  played  on  the  smaller 
pipes. 

DROPS,  in  Meteorology,  small  spherical  bodies  which  the 
particles  of  fluids  spontaneously  form  themselves  into,  when 
let  fall  from  any  height.  This  spherical  figure,  the  Newtonian 
philosophers  demonstrate  to  be  the  elfect  of  corpuscular 
attraction. 

DROPSY,  in  Medicine,  an  unnatural  collection  of  watery 
humours  in  any  part  of  the  body. 

DROWNING,  signifies  the  extinction  of  life  by  immersion 
in  water.  Various  plans  for  the  recovery  of  drowned  persons 
have  been  given,  but  the  most  tried  and  approved  is  that  of 
the  Royal  Humane  Society,  as  follows: 

1.  When  the  patient  is  taken  out  of  the  water,  the  wet 
clothes  should  be  taken  ofl'  with  ;i4l  possible  expedition  on  the 
spot  (unless  some  convenient  house  is  near,)  and  a  great  coat 
or  two,  or  some  blankets,  wrapped  round  the  body. 

2.  The  patient  is  to  be  carefully  conveyed  in  the  arms  of 
three  or  four  men  to  the  nearest  house,  where,  if  in  the  winter 
season,  a  good  fire,  and  a  warm  bed,  can  be  made  ready  for  its 
reception.  As  the  body  is  conveying  to  this  place,  great 
attention  is  to  be  paid  to  the  position  of  the  head  ;  which  must 
be  kept  supported  in  a  natural  and  easy  posture,  and  uot 
suffered  to  hang  down. 

:i.  In  cold  or  moist  weather,  the  patient  is  to  be  laid  on  a 
mattress  or  bed  before  the  fire,  but  not  too  near,  or  in  a  mode- 
rately heated  room  ;  in  warm  and  sultry  weather,  on  a  bed 
only.  The  body  is  then  to  be  wrapped  as  expeditiously  as 
possible  with  a  blanket,  and  thoroughly  dried  with  warm  coarse 
clotlis  or  flauuels. 
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4.  In  summer  or  sultry  weather,  too  much  air  cannot  be 
admitted.  For  this  reason  it  will  be  necessary  to  set  open  the 
windows  and  doors. 

.5.  Not  more  than  six  persons  are  to  be  present  to  apply  the 
proper  means  ;  a  greater  number  will  be  useless,  and  may  pre- 
vent the  restoration  of  life,  by  rendering  the  air  of  the  apart 
ment  unwholesome. 

6.  It  will  be  proper  for  one  of  the  assistants,  with  a  common 
pair  of  bellows,  applying  the  pipe  a  little  up  one  nostril,  to 
blow  with  force,  to  introduce  air  into  the  lungs  ;  at  the  same 
time  the  other  nostril  and  the  mouth  are  to  be  closed  by  another 
assistant,  while  a  third  person  gently  presses  the  chest  with 
his  hands,  after  the  lungs  are  inflated.  If  the  pipe  of  the  bel- 
lows is  too  large,  the  air  may  be  blown  in  at  the  mouth,  the 
nostrils  being  closed,  so  that  it  may  not  escape  that  way. 

7.  Let  the  body  be  gently  rubbed  with  flannels,  sprinkled 
with  spirits.  A  warming  pan  healed  (the  body  being  sur- 
rounded with  flannel)  may  be  lightly  moved  up  and  down  the 
back.  Fomentations  of  hot  brandy  arc  to  be  applied  to  the 
pit  of  the  stomach,  loins.  Sec,  and  often  renewed.  Bottles 
filled  with  hot  water,  heated  tiles  covered  with  flannel,  or  hot 
bricks,  may  he  applied  to  the  soles  of  the  feet,  palms  of  the 
hand,  and  other  parts  of  the  body.  The  temples  may  be  rubbed 
with  spirits  of  hartshorn,  and  the  nostrils  now  and  then  tickled 
with  a  feather;  and  snufl',  or  eau-de-luce,  should  be  occa- 
sionally applied. 

8.  Tobacco-fumes  should  be  thrown  up  the  fundament :  if  a 
fumigator  is  not  at  hand,  a  common  pipe  may  answer  the  pur- 
pose. Tills  operation  should  be  frequently  performed,  for  the 
good  ed'ccts  of  this  process  have  been  experienced  in  a  variety 
of  instances.  But  should  the  application  of  tobacco-smoke  in 
this  way  not  be  immediately  convenient,  or  other  impediments 
arise,  clysters  of  this  herb,  or  other  acrid  infusions  wilh  salt, 
&c.,  may  be  thrown  up  with  advantage. 

9.  When  these  means  have  been  employed  a  considerable 
time  without  success,  and  a  hrcwhoiise  is  near,  or  a  warm  bath 
can  be  readily  obtained,  the  body  should  be  carefully  conveyed 
It)  such  place,  and  remain  in  the  bath,  or  surrounded  with 
warm  grains,  for  three  or  four  hours.  If  a  child  has  been 
drowned,  its  body  should  be  wiped  dry,  and  placed  in  bed 
between  two  healthy  persons.  The  salutary  cflects  of  the 
natural  warmth,  coiueyed  in  this  manner,  have  been  proved  in 
a  variety  of  cases. 

10.  While  the  vniinus  methods  of  treatment  are  employed, 
the  body  is  to  he  shaken  every  ten  minutes,  to  render  the  pro- 
cess of  animation  more  successful  ;  and  children  are  to  be 
much  agitated,  by  taking  hold  of  their  legs  and  arms  frequently 
and  for  some  time. 

11.  If  there  are  any  signs  of  returning  life,  a  spoonful  of 
warm  liquid  may  be  given  ;  and  if  the  act  of  swallowing  can  be 
performed,  a  cordial  of  «  arm  brandy  or  wine  may  be  given  in 
small  quantities,  and  frequently  repeated. 

12.  Electricity  may  be  tried  by  the  skilful,  as  its  application 
neither  prevents  nor  retards  the  various  modes  of  recovery 
already  recommended  ;  but,  on  the  other  hand,  it  will  most 
probably  tend  to  render  the  other  means  employed  more  ex- 
peditiously efficacious. 

The  methods  which  have  been  described,  are  to  be  employed 
with  vigour  for  three  hours  or  upwards,  although  no  favourable 
circumslaiices  should  arise;  for  it  is  a  dangerous  error  to  sup- 
pose that  persons  are  irrecoverable,  because  life  does  not  soon 
make  its  appearance.  Bleeding  is  never  to  be  employed  un- 
less by  direction  of  a  medical  person. 

DRUtJ,  a  general  term  for  goods  of  the  druggist  and  gro- 
cery kinds,  especially  for  those  used  in  medicine  and  dyeing. 

DRUGGET,  in  Commerce,  a  stulf  sometimes  all  wuul.  and 
sometimes  half  wool,  half  thVead  ;  it  is  either  corded  or  plain. 

DRUIDS,  the  priests  or  ministers  of  religion  of  the  ancient 
B.itoiis  and  Gauls.  The  driiids  were  chosen  out  of  the  best 
families  ;  and  were  held,  both  by  the  honours  of  their  birth  and 
their  office,  in  the  greatest  veneration.  They  arc  said  to  have 
understood  astrology,  geonutry,  natural  history,  politics,  and 
geography  :  they  had  the  administration  of  sacred  thinsis,  were 
the  expounders  of  religion,  and  the  juilges  of  civil  alVairs. 

DRUM,  a  martial  musical  instrument  in  form  of  a  cylinder, 
hollow  within,  and  covered  at  the  two  ends  with  vellum,  which 
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is  stretched  or  slackened  at  pleasure  by  small  cords  and  slid- 
in,^  knots.  Some  drums  are  made  of  brass,  but  they  arc  com- 
monly of  wood.  Kettledrums  are  lar^e  basins  of  copper  or  brass, 
rounded  in  the  bottom,  and  covered  with  \ellum  or  goat-skin. 
DRY-ROT,  a  term  or  name  applied  to  a  rapid  decay  of  any 
vegetable  matter,  when  it  has  the  appearance  of  beins  tolerably 
dry,  but  in  general  is  applied  only  to  timber  when  in  tliat  state, 
and  is  so  named  in  contradistinction  to  the  common  mode  of 
decay,  by  being  exposed  to  the  alternate  states  of  wet  and  dry. 
There  are  a  great  number  of  causes  for  this  species  of  decay  : 
some  are  quite  simple;  others  very  complicated;  yet  whatever 
inay  be  the  original  cause,  simple  or  compound,  tlis  effects  are 
the  same,  namely,  to  render  the  timber  useless,  by  destroying 
its  elasticity  and  toughness,  rendering  it  insufhcient  to  resist 
any  considerable  pressure,  and,  indeed,  for  any  of  the  useful 
purposes  to  which  timber  is  applied.  When  timber  is  in  a 
tolerably  dry  stale,  any  means  which  will  absorb  or  extract  its 
oxygen  from  the  other  component  parts  will  leave  it  in  tlie  state 
commonly  calletl  rlnj  rotten.  Moist,  warm  situations,  with  little 
or  no  current  of  air,  are  the  most  likely  to  generate  this  evil. 
The  effluvia  from  timber  in  such  a  state  of  decay  will  rapidly 
carry  its  effects  to  the  circumjacent  timber,  however  dry  it  may 
appear,  and  any  sort  of  timber  w  ill  be  \n  a  very  little  time  ren- 
dered quite  useless.  When  timber  is  exposed  to  any  consider- 
able degree  of  moisture  and  heat,  fungi  of  various  shapes  and 
texture,  according  to  the  species  of  timber,  and  other  causes, 
will  appear  upon  it;  and  although  this  fungous  matter  be  really 
an  effect  of  the  dri/-rot,  yet  it  is  as  truly  a  cause  of  the  same 
evil.  There  are  no  possible  means  of  restoring  rotten  timber 
to  a  sound  state,  and  the  drij-rot  can  only  be  cured,  as  it  is 
called,  by  removing  the  decayed  and  affected  parts,  clearing 
away  all  the  fungi,  and  de.strojing  its  vegetating  principle, 
with  which  the  hard  materials,  such  as  bricks  or  stone,  may 
have  been  impregnated.  For  this  purpose,  a  strong  solution  of 
iron,  copper,  or  zinc,  is  used  with  advantage.  This,  with  the 
admission  of  a  large  quantity  of  air,  is  very  advantageous. 
Many  persons  have  written  on  the  subject,  and  the  nostrums 
proposed  are  as  numerous  as  their  authors.  Timber  once  in- 
jured cannot  be  restored;  but  the  evil  may  be  stopped  by 
removing  the  corrupted  and  contagious  matter,  and  by  the 
admission  of  a  free  circulation  of  air.  Much  also  may  be  done 
by  cutting  timber  in  winter,  and  properly  seasoning  it  by  steep- 
ing it  in  water  for  some  time,  and  then  thoroughly  drying  it 
before  it  is  used  in  building. 

DUCAT,  a  coin  current  in  Germany,  and  other  countries 
abroad.  In  Germany,  Italy,  and  Holland,  it  is  of  the  value  of 
about  9s.  3rf.  ;  the  ducat  of  Naples  is  .3s.  id. ;  that  of  Florence 
or  Leghorn,  5s.  4rf.  ;  the  gold  ducat  of  Portugal  is  £6.  15s. 

DUCATOON,  a  coinage  in  Holland  and  Flanders  ;  in  the 
former  country  its  value  is  5s.  Gd.  and  in  the  latter  5s.  2Jf/. 

DUCHY  COURT,  a  court  of  the  duchy-chamber  of  Lan- 
caster, held  at  Westminster  before  the  chancellor  of  the  same, 
formatters  concerning  the  lands  and  franchises  of  that  duchy. 
The  proceedings  in  this  court  are  by  English  bill,  as  in  chan- 
cery." Gwyn  says,  that  this  court  grew  out  of  the  grant  of  king 
Edward  HI.  who  gave  the  duchy  to  Joljn  of  Gaunt,  and 
endowed  it  with  royal  rights  and  privileges  ;  several  others  of 
our  ancient  kings  likewise  separated  this  duchy  from  the 
crown,  and  settled  it  in  the  natural  persons  of  themselves  and 
their  heirs;  though,  in  succeeding  times,  it  was  united  to  the 
crown  again. 

DUCTILITY,  the  extensibility  and  cohesion  of  particles, 
which  enables  metal  to  be  drawn  into  wire  without  breaking. 
There  is  but  a  shade  of  difference  between  this  property  and 
that  of  malleability.  The  ductility  of  some  bodies,  especially 
of  gold,  is  very  surprising:  the  gold-beaters  and  wire-drawers 
furnish  us  with  abundant  proofs  of  this  property  ;  they  every 
day  reduce  gold  into  lamellae  inconceivably  thin,  yet  without 
the  least  aperture  or  pore  discoverable,  even  by  the  micro- 
scope;  a  single  grain  of  gold  may  be  stretched  under  the  ham- 
mer into  a  leaf  that  will  cover  a  house,  and  yet  the  leaf 
remain  so  compact  as  not  to  transmit  the  rays  of  light,  nor 
even  admit  spirit  of  wine  to  transude. 

But  M.  Reaumur  has  carried  the  ductility  of  gold  to  a  still 
jrreater  extent.  What  is  called  gold-wire,  every  body  knows, 
is  only  a  silver  one  gilt.    The  cylinder  of  silver,  covered  with 


leaf  gold,  they  draw  through  the  hole  of  an  iron,  and  the 
gilding  still  keeps  pace  with  the  wire,  stretch  it  to  what  length 
they  can.  Now  M.  Reaumur  shews,  that  in  the  common  way 
of  drawing  gold  wire,  a  cylinder  of  silver  twenty-two  inches 
!on.g,  and  lifteen  lines  in  diameter,  is  stretched  to  l,163,5'.i0  feet, 
or  is  634,692  lines  longer  than  before,  which  amounts  to  about 
ninety-seven  leagues.  To  wind  this  thread  on  silk  for  use,  they 
first  tVatten  it,  in  doing  which  it  stretches  at  least  one-seventh 
farther,  so  that  the  twenty-two  inches  are  now  111  leagues; 
but  in  the  flattening,  instead  of  one-seventh,  they  could  stretch 
it  one-fourth,  which  would  bring  it  to  120  leagues.  This 
appears  a  prodigious  extension,  and  yet  it  is  nothing  to  what 
this  gentleman  has  proved  gold  to  be  capable  of. 

Ductility  of  Glass.  We  all  know,  that  when  penetrated 
with  the  heat  of  the  fire,  the  workmen  can  figure  and  manage 
gla'ss  like  soft  wa.t  ;  but  what  is  more  remarkable,  it  may  be 
drawn,  or  spun  out,  into  threads  exceedingly  long  and  fine. 
Our  ordinary  spinners  do  not  form  their  threads  of  silk,  flax,  or 
the  like,  with  half  the  ease  and  expedition  the  glass-spinners 
do  threads  of  this  brittle  matter.  We  have  some  of  them  used 
in  plumes  for  children's  heads,  and  divers  other  works,  much 
finer  than  any  hair,  and  which  bend  and  wave  like  hair  with 
every  wind.  Nothing  is  more  simple  and  easy  than  the  method 
of  making  them.  There  are  two  workmen  employed  ;  the  first 
holds  one  end  of  a  piece  of  glass  over  the  flame  of  a  lamp, 
and  when  the  heat  has  softened  it,  a  second  operator  applies  a 
glass  hook  to  the  metal  thus  in  fusion  ;  and  withdrawing  the 
hook  again,  it  brings  with  it  a  thread  of  glass,  which  still 
adheres  to  the  mass;  then  fitting  his  hook  on  the  circumference 
of  a  wheel  about  two  feet  and  a  half  in  diameter,  he  turns  the 
wheel  as  fast  as  he  pleases,  which  drawing  out  the  thread, 
winds  it  on  its  rim,  till,  after  a  certain  number  of  revolutions, 
it  is  covered  with  a  skein  of  glass-thread.  The  mass  in  fusion 
over  the  lamp  diminishes  insensibly,  being  wound  out  like  a 
clue  of  silk  upon  the  wheel  ;  and  the  parts,  as  they  recede  from 
the  flame,  cooling,  become  more  coherent  to  those  next  to  them, 
and  this  by  degrees  :  the  parts  nearest  the  fire  are  always  the 
least  coherent,  and  of  consequence,  must  give  way  to  the  effort 
the  rest  make  to  draw  them  towards  the  wheel.  The  circum- 
ference of  these  threads  is  usually  a  flat  oval,  being  three  or 
four  times  as  broad  as  thick  ;  some  of  them  seem  scarcely  big- 
ger than  the  thread  of  a  silk-wnrni,  and  are  surprisingly  flexible. 
If  the  two  ends  of  such  threads  are  knotted  together,  they  may 
be  drawn  and  bent  till  the  aperture,  or  space  in  the  middle  of 
the  knot,  does  not  exceed  one-fourth  of  a  line,  or  one-forly- 
eighth  of  an  in;h,  in  diameter.  Hence  the  flexibility  of  glass 
increases  in  proportion  to  the  fineness  of  the  threads  ;  and 
probably,  had  we  but  the  art  of  drawing  threads  as  fine  as  a 
spider's  web,  we  miglit  weave  stuffs  and  cloths  of  them  for 
wear,  but  could  never  make  them  long  enough  to  be  serviceable. 
See  Divisibility. 

DUEL,  a  single  combat,  at  a  time  and  place  appointed,  in 
consequence  of  a  challenge.  This  custom  came  originally 
from  the  northern  nations.  Both  the  accuser  and  the  accused 
gave  pledges  to  the  judges  on  their  respective  behalf;  and  the 
custom  prevailed  that  none  were  excused  from  it  but  women, 
sick  people,  cripples,  and  such  as  were  under  21  years  of  age, 
or  above  60.  Even  ecclesiastics,  priests,  and  monks,  were 
obliged  to  find  champions  to  fight  in  their  stead.  The  punish- 
ment of  the  vanquished  was  either  death  by  hanging  or  behead- 
ing ;  or  mutilation  of  members,  according  to  the  circumstances 
of  the  case.  Duels  were  at  first  admitted,  not  only  on  criminal 
occasions,  but  on  some  civil  ones,  for  the  maintenance  of 
rights  to  estates,  and  before  the  like  :  in  later  times,  however, 
they  were  almost  entirely  abolished,  being  restrained  to  these 
four  cases :  1.  That  the  crime  should  be  capital.  2.  That  it 
should  be  certain  the  crime  was  perpetrated.  3.  The  accused 
must,  by  common  fame,  be  supposed  guilty.  And,  4.  The 
matter  not  capable  of  proof  by  witnesses.  But  this  also  has 
been  abolished,  and  there  no  longer  exists  the  "  trial  by  battle." 

Di'F.L,  at  present  is  used  for  a  single  combat  on  some  private 
quarrel,  and  must  be  premeditated,  otherwise  it  is  called  a 
rencounter.  If  a  person  be  killed  in  a  dud.  both  the  principals 
and  seconds  are  guilty  of  murder,  whether  the  seconds  engage 
or  not.  It  is  also  a  very  high  offence  to  challenge  a  person 
either  by  word  or  letter,  or  to  be  the  messenger  of  a  challenge. 
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DUET,  in  Music,  a  composition  written  for  two  voices  or 
infstruments,  witli  or  without  a  bass  and  accompaniments. 

DUKE,  is  either  the  title  of  a  sovereign  prince,  as  the  Dnice 
of  Modena,  the  Grand  Duke  of  Tuscany,  &c.  or  il  is  the  title 
of  honour  and  nobility  next  below  princes.  Duke,  at  present 
in  Britain,  is  a  mere  title  of  dignity,  without  giving  any  domain, 
territory,  or  jurisdiction,  over  the  place  from  whence  the  title 
is  taken.  A  duke  is  created  by  patent,  cincture  of  sword, 
mantle  of  state,  imposition  of  a  cap  and  coronet  of  gold  on  bis 
head,  and  a  verge  of  gold  put  into  his  hand.  His  title  is,  Grace  ; 
and,  in  the  style  of  the  heralds,  Most  hi"-b  Dotent,  high-bom, 
and  noble  prince. 

DULCIMER,  a  musical  instrument,  strung  with  about  fifty 
wires  cast  over  a  bridge  at  each  end.  It  is  performed  upon  by 
striking  the  wires  with  little  iron  rods. 

DUMBNES.S,  the  privation  of  speech,  the  most  general 
cause  of  which  is  the  want  of  the  sense  of  hearing  ;  language 
being  originally  ac<|uired  by  imitating  sounds.  From  this 
source  of  intelligence  deaf  people  are  entirely  excluded;  they 
cannot  acquire  articulate  sounds  by  the  ear:  unless  therefore 
articulation  be  communicated  by  some  other  medium,  they 
must  be  deprived  of  language.  Of  late  years  it  has  been 
shewn,  that  though  deaf  people  cannot  learn  to  speak  or  read 
by  the  direction  of  the  ear,  tliere  are  other  sources  of  imitation, 
by  which  the  same  effect  may  be  produced.  The  organs  of 
hear'ng  and  speech  have  little  connexion.  Persons  deprived 
of  tiie  former  generally  possess  the  latter  in  such  perfection, 
that  nothing  further  is  necessary  to  make  them  articulate,  than 
to  teach  them  how  to  use  Uiese  organs.  This,  indeed,  is  no 
easy  task,  but  it  is  practicable.  The  first  thing  is,  to  teach  the 
pupil  to  pronounce  the  simple  sounds  of  the  vowels  and  con- 
sonants. The  teacher  pronounces  the  sound  of  the  letter  a 
very  slowly,  pointing  to  the  figure  of  it  upon  paper  at  the  same 
time,  and  makes  the  pupil  observe  the  motion  of  Ids  month  and 
throat.  He  then  puts  his  finger  into  his  pupil's  mouth,  depresses 
or  elevates  the  tongue,  and  makes  bira  keep  the  parts  in 
that  position  ;  then  he  lays  hold  of  the  outside  of  the  throat, 
and  applies  such  a  kind  of  pressure  as  shall  indicate  to  the 
pupil  a  certain  necessary  action  to  be  performed  by  the 
muscles.  All  the  while  he  is  pronouncing  a,  the  pupil  is 
anxiously  indtating  him,  but  at  first  seems  nut  to  understand 
what  be  would  liave  him  to  do.  In  this  manner  lie  proceeds, 
till  the  pupil  has  learned  to  pronounce  the  sounds  of  the  letters. 
He  goes  on  in  the  same  manner  to  join  a  vowel  and  a  consonant, 
till  at  length  the  pupil  is  enabled  both  to  speak  and  to  read. 

DUODECIMALS,  or  Cross  Miltiplicvtion,  (from  duo- 
dicem,  twelve,)  is  a  rule  used  by  workmen  and  artificers  in  com- 
puting the  content  of  their  work  ;  dimensions  are  usually  taken 
in  feet,  inches,  and  parts;  but  of  the  last,  all  those  less  than  J 
of  inches  are  frequently  omitted  as  of  little  or  no  consequence, 
and  the  same  is  always  done  in  casting  up  the  contents,  where 
tliey  are  of  still  less  importance.— i?«/e.  Set  down  the  two 
dimensions  to  be  multiplied  together  under  each  other,  so  that 
feet  may  stand  under  feet,  inches  under  inches,  and  parts 
under  parts.  Then  multiply  each  term  in  the  multiplicand, 
beginning  at  the  lowest,  by  the  feet  in  the  inultiplior,  and  se' 
the  result  of  each  directly  under  its  corresponding  term, 
observing  to  carry  1  for  every  12,  from  the  parts  to  the  inches, 
and  from  the  inches  to  the  feet.  In  like  manner,  mulliplv  all 
the  multiplicand  by  the  inches  and  parts  of  the  multiplier, 
and  set  the  rostdt  of  each,  one  remove  to  tjhe  right-hand  ot 
those  In  tlie  multiplicand,  and  tiie  sum  of  these  successive 
products  will  be  the  answer.  Or.  instead  of  multiplying  by  the 
inches  and  parts,  such  parts  of  the  multiplicand  may  be  taken 

as  these  are  of  a  foot. Examples.     Multiply  0  feet,  4  inches, 

8  parts,  by  10  feet,  3  inches,  9  parts 
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It  may  not  be  amiss  to  observe  here,  that  tlie  feet  in  the 
answer  are  square  feet,  but  the  numbers  standing  in  the  place 
of  inches  are  not  square  inches,  as  one  might  at  first  infer,  but 
12lli  parts  of  square  feet,  each  part  being  equal  to  12  square 
inches.  In  like  manner,  the  numbers  standing  in  the  third 
place,  or  place  of  parts,  are  so  many  12lli  parts  of  the  preced- 
ing denomination,  these  therefore  are  square  inches  ;  and  in 
the  same  manner,  if  llie  operation  be  carried  farther,  every  suc- 
cessive place  will  be  a  12th  part  of  that  preceding  it. 

DUODECIMO,  is  used  to  denote  the  size  of  a  book  when 
the  sheets  are  folded  into  twelve  leaves. 

DUODECUPLE,  consisting  of  twelves. 

DUODENARY  Akithmetic,  is  that  in  which  the  local 
v<rlue  of  the  figures  increases  in  a  twelvefold  proportion  from 
right  to  left,  instead  of  the  tenfold  proportion  in  tiie  common  or 
denary  arithmetic.  Thus  lUl.intheduodenary  scale,  expresses 
123  4.  122  -t-  12  -f  1  =  18«6  in  the  common  scale.  Every 
number  may  be  converted  from  one  scale  to  the  other,  and  in 
many  cases  the  duodenary  system  (particularly  after  practice 
has  rendered  it  familiar)  possesses  considerable  advantage* 
over  that  in  common  use.  In  the  duo*nary  scale  of  notation, 
there  must  be  introduced  two  new  characters  for  expressing 
10  and  11,  and  these  may  be  represented  by  ^  and  x,  that  is 
10  =  0  ;  11  ^  7r  ;  so  that  the  digits  of  this  system  become, 

0,  1,2,  3,  4,5,  a,  7.  8,  9,  ^,  w, 
with  which  characters  any  number  whatever  may  be  expressed 
according  to   the  dnodcnary  system,   the  same  as  in  conimoa 
arithmetic,  by  the  nine  simple  digits. 

DUPLE,  among  Mathematicians,  denotes  the  ratio  of  2  to  I. 
Thus  the  ratio  of  8  to  4  is  duple,  or  as  2  to  1.  Sub-DvrLE  Ratio 
isjnst  the  reverse  of  the  former,  or  as  I  to  2. 

DUPLICATE,  among  Lawyers,  denotes  a  copy  of  any  deed, 
writing,  or  account.  It  is  also  used  for  a  second  letter  written 
and  sent  to  the  same  party  and  purpose  as  a  former. 

Duplicate  Proportion,  is  a  compound  of  two  ratios;  thus, 
the  duplicate  ratio  of  a  to  A,  is  the  ratio  of  a  a  to  66,  or  of  the 
square  of  n  to  the  square  of  6. 

DUPLICATION,  in  general,  signifies  the  doubling  of  any 
thing  or  multiplying  of  it  by  2;  also  the  folding  of  any  thing 
back  again  on  itself. 

DUR.VTE,  in  Music,  a  term  properly  applicable  to  whatever 
ofl'ends  the  ear  by  its  effect. 

DURESS,  in  Law,  is  where  a  man  is  kept  in  prison,  or 
restrained  of  his  liberty,  contrary  to  the  order  of  the  law. 

DUTY,  in  Policy  and  Commerce,  signifies  the  impost  laid 
on  merchandises,  at  importation  or  exportation,  commonly 
called  the  duties  of  customs  ;  also  the  taxes  of  excise,  stamp- 
duties,  &c. 

DYE,  in  Architecture,  any  square  body,  as  the  trunk,  or 
notched  part  of  a  pedestal ;  also  a  cube  of  stone  placed  under 
the  feet  of  a  statue,  and  over  its  pedestal. 

DYEING  OF  Cloths,  is  the  art  of  lingcing  cloth,  or 
other  matter,  with  a  permanent  colour,  by  penetrating  its  sub- 
stance, and  imparting  different  colours  to  wool,  silk,  linen,  &c. 
The  substances  employed  are  called  colouring  matters  or  dye- 
stufis,  and  are  extracted  from  animal  and  vegetable  substances. 
If  the  colouring  matters  «  ere  merely  spread  over  the  surface 
of  the  fibres  of  cloth,  the  colours  produced  might  be  bright, 
but  they  could  not  be  permanent ;  because  the  colouring  matter 
would  disappear  whenever  the  cloth  was  wasiied  or  exposed  to 
the  weather.  The  colouring  matter  cannot  seize  upon  the  cloth 
permanenlly,  unless  there  be  an  affinity  between  them.  And 
since  there  can  be  no  allinity  till  the  dye-stuffs  have  been 
reduced  to  their  integrant  particles,  dyeing  is  a  process  purely 
chemical.  The  colouring  matter  is  first  dissolved  in  some 
liquid  which  has  a  weaker  allinity  for  it  than  the  cloth  has. 
When  the  cloth  is  dipped  in  this  solution,  the  colouring  matter 
is  brought  within  the  attracting  distance  ;  the  cloth  acts  upon 
it,  and,  from  its  stronger  affinity,  takes  it  from  the  n:ordant  and 
fixes  it  upon  itself.  The  eipiality  of  the  colour  is  also  secured 
by  this  contrivance,  as  every  part  of  the  cloth  has  an  oppor- 
tunity of  attracting  to  itself  the  proper  proportion  of  colouring 
particles.  Wool  has  the  strongest  afiinity  for  almost  all  colour- 
ing matters;  the  next  strongest  is  cotton,  which  has  a  con- 
siderably weaker  allinily.  and  linen  the  weakest  of  all.  In 
order  therefore  to  dye  cotton  or  linen,  the  dyo-stuffs  should  bo 
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dissolved  in  a  substance  for  which  it  has  a  weaker  affinity  than 
for  the  solvent  emplojed  in  the  dyeing  of  wool  or  silk.  To  dye 
wool,  we  use  oxyde  of  iron;  to  dye  cotton  or  linen,  acetous  acids 
answer  best. 

Of  Mordants.  To  render  dyeinjc  colours  permanent,  a  nior- 
dant  is  pitched  upon,  which  has  a  powerful  attachment  to  both 
the  cloth  and  the  colouring;  matter.  The  mordant  is  previously 
combined  with  the  cloth,  which  is  then  plunged  into  the  solu- 
tion of  dye-stufl',  and  the  dye-stufl' combines  with  the  mordant, 
which  being  firmly  combined  with  the  cloth,  secures  the  per- 
manency of  the  dye.  The  proper  preparation  and  the  appli- 
cation of  mordants  are  the  principal  considerations  in  the  art 
of  dyeing.  The  mordants  must  be  previously  dissolved  in  some 
liquid  which  has  a  weaker  affinity  for  them  than  the  cloth  has 
to  which  they  are  to  be  applied  ;  and  the  cloth,  to  saturate  itself 
with  the  mordant,  must  be  dipped  or  steeped  in  the  solution. 
The  mordants  are  earths,  metallic  oxi/des,  tayi,  and  oil. 

Alumine,  the  most  important  mordant  earth  that  dyers  use, 
is  indispensable  to  dyers  and  calico  printers,  not  only  on 
account  of  its  cleansing  and  opening  the  pores  of  the  sub- 
stances to  be  dyed,  and  thus  rendering  them  fit  to  receive  the 
colouring  particles,  but  also  from  its  more  essential  property 
of  fixing  the  colours,  or  that  they  cannot  afterwards  be  washed 
out.  Alumine  is  used  either  in  the  state  of  common  alum  or 
in  that  of  acetite  of  alumine. 

Lime  is  also  used  as  a  mordant,  either  as  lime  water,  or  sul- 
phate of  lime  dissolved  in  water. 

The  metallic  oxydes  of  tin  and  iron  are  the  most  generally 
used ;  the  former  gives  brightness  to  reds  and  scarlets,  and 
precipitates  the  colouring  matter  in  other  dyes  ;  the  latter  has 
a  strong  affinity  for  all  kinds  of  cloth,  as  is  proved  abundantly 
by  the  difficulty  we  have  to  remove  iron  spots  (moulds)  from 
linen  or  cotton  cloth.  And  as  a  mordant  it  is  used  either  as 
sulphate  of  iron  or  acetite  of  iron. 

Tan  and  Oil.  On  the  leaves  and  buds  of  the  oak  certain 
excrescences  are  formed,  in  consequence  of  the  puncture  of 
insects,  as  a  lodgment  for  their  eggs  and  a  habitation  for  their 
future  young.  These  are  termed  ^a//j,  and  if,  when  arrived  at 
a  certain  state,  they  are  infused  in  a  weak  solution  of  vitriol, 
they  impart  to  it  a  purple  or  violet  tinge  ;  and  after  the  whole 
colouring  matter  is  extracted,  this  becomes  perfectly  black. 
Considerable  quantities  of  galls  are  used  in  dyeing,  and  for 
other  purposes.  Tan  adds  to  the  weight  of  silk,  and  is  there- 
fore much  used  ;  oil  is  also  used  for  the  same  purpose. 

Besides  these,  tartar,  acetite  of  lead,  common  salt,  sal  ammoniac, 
sulphate  or  acetite  of  copper,  are  used  as  mordants,  which  not  only 
render  the  dye  permanent,  but  have  also  considerable  influence 
on  the  colour  produced.  The  same  colouring  matter  produces 
very  different  dyes,  according  as  the  mordant  is  changed.  Sup- 
pose, for  instance,  that  the  colouring  matter  be  cochineal  ;  if 
we  use  the  aluminous  mordant,  the  cloth  will  acquire  a  crim- 
son colour;  but  the  oxyde  of  iron  produces  with  it  a  black.  In 
dyeing,  then,  it  is  not  only  necessary  to  procure  a  mordant 
which  has  a  sufficiently  strong  affinity  for  the  colouring  matter 
and  the  cloth,  and  a  colouring  matter  which  possesses  a  wished 
for  colour  in  perfection,  but  we  must  procure  a  mordant  and  a 
colouring  matter  of  such  a  nature,  that,  when  combined  together, 
they  shall  possess  the  wished-for  colour  in  perfection.  It  is 
evident  too,  that  a  great  variety  of  colours  may  be  produced 
with  a  single  dye-stuff,  provided  we  can  change  the  mordant 
sufficiently.  The  colouring  matter  with  which  the  cloth  is  dyed, 
does  not  cover  every  portion  of  its  surface  :  its  particles  attach 
themselves  to  the  cloth  at  certain  distances  from  each  other  ; 
for  cloth  may  be  dyed  different  shades  of  the  same  colour, 
lighter  or  darker,  merely  by  varying  the  quantity  of  colouring 
matter.  With  a  small  quantity,  the  shade  is  light;  and  it  be- 
comes deeper  as  the  quantity  increases  ;  now,  this  would  be 
impossible,  if  the  dye-stuff  covered  the  whole  of  the  cloth. 
That  the  particles  of  colouring  matter,  even  when  the  shade  is 
deep,  are  at  some  distance,  is  evident  from  this  well-known 
fact,  that  cloth  may  be  dyed  two  colours  at  the  same  time.  All 
those  colours  to  which  the  dyers  give  the  name  o( compound, 
are  in  fact  two  different  colours  applied  to  the  cloth  at  once. 
Thus  cloth  gets  a  pieen  colour,  by  being  first  dyed  blue  and 
then  yelluu\ 

The  colours  denominated  by  dyers,  timple,  because  they  arc 


the  foundation  of  all  their  other  processes,  are  four;  namely, 
blue,  yellow,  red,  and  black.  To  these  they  usually  add  a  fifth, 
under  the  name  of  root,  or  brown  colour. 

To  dye  Blue.  The  substances  principally  used  in  this  dye, 
are  indigo  and  woad,  with  which  every  kind  of  cloth  may  be 
dyed  without  a  mordant.  Indigo  is  brought  from  the  West 
Indies.  It  is  drawn  from  the  leaves  of  a  plant  called  anil. 
Woad  is  obtained  from  the  leaves  of  a  plant,  which,  when  ripe, 
are  gathered  and  suffered  to  lie  some  time,  and  then  put  undei 
the  wheel  to  be  bruised  or  ground  ;  after  this  they  are  laid 
eight  or  ten  days  in  piles  or  heaps  ;  and  at  last  made  up  into 
balls,  which  are  laid  in  the  shade,  on  hurdles,  to  dry.  The 
balls  are  then  pulverized,  spread  upon  the  ground,  and  watered  : 
it  smokes  and  heats  till  it  becomes  dry;  it  is  then  fit  for  use. 
The  ancient  Britons  dyed  their  bodies  with  this  substance. 
Woad-blue  is  a  very  deep  blue,  almost  black;  and  is  the  base 
of  so  many  sorts  of  colours,  that  the  dyers  have  a  scale  by 
which  they  compose  the  different  casts,  or  degrees  of  woad. 

Process.  When  uool,  cotton,  or  silk  is  intended  to  be  djed, 
the  cloth  is  first  wetted  with  hot  water  and  wrung  out;  then  it 
is  immersed  in  a  clear  dye-liquor,  and  remains  therein  accord- 
ing to  the  shade  wished  for  ;  it  comes  out  green,  but  soon  turns 
blue  on  being  exposed  to  the  air.  Cotton  intended  to  be  dyed 
blue  is  first  passed  through  water  containing  sulphuric  acid. 
Silk  is  dyed  a  light  blue  by  a  ferment  of  six  parts  of  bran,  six 
of  indigo,  six  of  potash,  and  one  of  madder.  But  cotton  and 
linen  are  dyed  blue  by  a  solution  of  one  part  of  indigo,  one  of 
green  sulphate,  and  two  parts  of  quick-lime. 

Mr.  Richard  Badnall,  of  Leek,  in  Staffordshire,  silk  manu- 
facturer, has  taken  out  a  patent  for  improvements  in  the  appli- 
cation of  Prussian  blue  to  the  purposes  of  dyeing  silk,  cotton, 
wool,  or  any  other  article  ;  and,  in  the  application  of  pressure 
to  dyeing  in  general. 

The  Prussian  blue  being  previously  ground  as  fine  as  pos- 
sible, is  put  into  any  convenient  vessel  of  glass  or  earthenware. 
Strong  muriatic  acid  is  to  be  poured  upon  it  a  little  at  a  time ; 
and  the  mass  is  to  be  kept  constantly  stirred,  with  a  rod  of 
white  wood,  a  piece  of  tobacco  pipe,  or  any  other  material  not 
liable  to  be  acted  upon  by  the  acid.  The  stirring  must  be  con- 
tinued till  the  mixture  has  become  a  smooth  homogeneous  mass 
of  a  semi-gelatinous  consistence.  The  proportion  of  acid  re- 
quisite for  this  purpose  depends,  in  some  degree,  on  the  quality 
of  the  Prussian  blue,  and,  therefore,  cannot  be  precisely  set 
forth  in  words;  but,  by  proceeding  carefully,  as  above  de- 
scribed, it  is  impossible  to  fall  into  error;  as  the  mixture,  if 
made  too  thin  from  excess  of  acid,  may  be  rectified  by  the  sub- 
sequent addition  of  more  Prussian  blue.  This  mixture  may  ho 
used  as  soon  as  made  ;  but  it  is  better  after  three  or  four  days, 
and  its  qualities  are  not  altered  by  age.  In  dyeing  silk  with  the 
Prussian  !)lue,  prepared  as  above,  Mr.  B.  proceeds  in  the 
following  manner : 

"  The  gum  having  been  discharged  from  the  silk  by  any  of  the 
usual  means,  the  silk  is  steeped,  for  three  or  four  hours,  in  a 
cold  solution  of  alum  in  water,  of  the  common  strength  eii>- 
ployed  by  silk  dyers  ;  and  then  rinsed  in  cold  water. 

"  The  dye  vat  is  composed  by  diluting  the  prepared  Prussian 
blue  with  cold  water,  till  its  colour  is  of  the  required  depth, 
according  to  the  particular  tint  intended  to  be  given  to  the  silk. 
The  silk,  prepared  as  above,  is  then  to  be  put  on  sticks,  and 
immersed  in  the  bath,  taking  care  that  it  be  constantly  turned, 
that  the  colour  may  be  perfectly  level,  and  that  it  remain  in 
the  bath  till  it  has  acquired  the  proper  tint  or  shade.  It  is 
then  to  be  well  washed  in  running  water  till  it  ceases  to  be  dis- 
coloured by  it.  Lastly,  the  silk  is  to  be  dried,  cither  in  the  shade, 
or  in  a  stove  heated  to  not  more  than  summer  temperature. 

"  From  Prussian  blue,  prepared  as  above,  various  greens  and 
purples  may  be  obtained;  either  by  combining  it  with  the  in- 
gredients usually  employed  for  such  colours,  and  dipping  the 
silk  in  this  compound  bath;  or,  by  using  the  bath  of  prepared 
Prussian  blue,  cither  before,  or  after  the  application  of  the 
other  ingredients,  according  to  circumstances,  and  to  the 
nature  of  such  ingredients.  The  proportion,  however,  it  is  not 
necessary  to  recite :  the  object  of  this  part  of  the  patent  being 
merely  by  a  new  mode  of  preparing  Prussian  blue,  to  dye  silk, 
cotton,  wool,  or  any  other  article,  either  alone,  or  mixed  ani 
combined  with  other  dyeing  materials. 
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"The  second  invcnlion  is  the  application  of  pressure  to  dye- 
ing in  general,  whether  it  be  that  of  thick  cloths,  hats,  woods 
for  vcncerinff,  or  any  other  purpose  ;  or  any  other  or  more  deli- 
cate materials,  such  as  linen,  cotton,  or  silk  goods,  lace,  &c. 
For  this  purpose,  the  materials  to  be  dyed  are  to  he  placed, 
with  the  dyeing  liquor,  in  any  suitable  vessel  of  wood,  copper, 
iron,  or  other  material;  the  aperture  of  which  vessel  can  be 
secured  water-tight,  by  a  lid  (itted  to  it  by  any  suitable  and 
well-known  means.  To  this  vessel  is  to  be  fitted  a  hydrostatic 
pressure-pump,  (as  Bramah's,  for  example,)  or  any  other  ma- 
chinery employed  for  the  purpose  of  producing  high  pressure; 
such  as  a  column  of  water  or  mercury  of  sullicient  height,  &c. 
All  things  being  thus  adjusted,  the  lid  is  to  be  (itted  securely 
on,  and  the  pump  worked,  until  the  necessary  pressure  is  ob- 
tained;  when  it  is  evident,  that  if  the  goods  arc  put  in  dry,  or 
well  wrung,  the  pressure  thus  produced  will  greatly  facilitate 
the  introduction  of  the  dyeing  liquor  within  the  internal  pores, 
particularly  in  heavy  cloth  goods,  hats,  woods,  hard  twisted 
silk,  or  lace;  and,  if  necessary,  suitable  mechanical  means 
may  be  employed  to  agitate  and  wring  the  goods  while  under 
pressure:  but  this  is  not  claimed  exclusively,  but  only  the 
application  of  pressure  to  the  forcing  of  tlie  dyeing  liquor  into 
the  pores  of  the  cloths,  hats,  silk,  woods,  &c. ;  or  the  joint 
application  of  pressure,  with  suitable  means  for  producing 
agitation,  &c.  &,c." 

To  (li/e  Red.  The  process  of  dyeing  red  requires  a  peculiar 
preparation  of  the  stull's,  on  the  exactness  of  which  the  good- 
ness and  permanency  of  the  colour  depend.  These  preparatory 
ingredients  consist  of  alum,  tartar,  nitric  acid,  or  a  solution  of 
(in  in  nitric  acid.  Galls  and  alkaline  salts  are  also  sonietirnos 
r.dded.  The  C'arlliamus  Titiclorius  plant,  a  native  of  Kgypt  and 
the  Levant,  gives  a  I)oppy,  cherry  and  rose-red,  and  llesli 
colour  to  silk,  and  is  also  employed  in  making  rouge.  This 
last  is  made  by  precipitating  with  lemon  juice  the  red  colour- 
ing matter  extracted  by  carbonate  of  soda.  Miidder  is  the  root 
of  a  plant  called  rubia  tinetorium.  Alum  and  tartar  are  em- 
ployed in  the  preparation  of  the  ingredients  for  this  red.  Cmld- 
neal  consists  of  an  insect  which  is  collected  round  the  Indian 
fig-tree,  and  is  found  abundant  in  South  America.  Kermes,  an 
insect  about  the  size  of  a  juniper  berry,  round,  smooth,  and 
glossy,  is  of  a  beaitli/iil  red  vo\mtr,  and  full  of  a  juice  of  the 
same  dye.  It  is  found  adhering  to  tlie  bark,  on  the  stem  and 
the  branches  of  a  small  oak,  growing  in  Spain,  Langueduc,  and 
other  countries.  This  colour  is  the  most  permanent,  but  the 
least  bright ;  it  is  apt  also  to  be  less  spotted  than  the  others; 
but,  on  account  of  the  diflieulty  of  procuring  the  insects  which 
afl'ord  the  colour,  it  is  very  seldom  used  in  Britain.  I.iir/wixid 
and  Brazil-wood  are  also  used  for  red  dyos,  but  the  colour  is 
not  durable.  The  latter  grows  in  the  warmest  parts  of  South 
America.  Logwood  is  found  in  the  Bay  of  Cainpeachy.  Alcohol 
best  extracts  the  colouring  matter  of  the  logwood. 

Of  dyeiHij  Yellow.  The  principal  colouring  matters  for  dye- 
ing yellow  are  weld,  fustic,  and  quercitron  bark.  Weld  is  a 
plant,  which  grows  w  ild  in  barren  and  uncultivated  places,  par- 
ticularly on  coal-pit  banks,  in  several  parts  of  Kngland.  Fustic 
is  the  wood  of  a  large  tree  which  grows  in  the  West  Indies. 
Quercitron  is  a  tree  growing  naturally  in  North  America,  the 
bark  of  which  contains  colouring  matter.  Yellow  colouring 
matters  have  too  weak  an  allinity  for  cloth,  to  produce  per- 
manent colours  without  the  use  of  mordants.  Cloth,  therefore, 
before  it  be  dyed  yellow,  is  always  prepared  by  combining 
some  mordant  or  other  with  it,  as  alumine  or  oxjde  of  tin.  Tan 
is  often  employed  as  a  subsidiary  to  alumine,  and  in  order  to 
fix  it  more  copiously  on  cotton  and  linen.  Tartar  is  also  used 
to  brighten  the  colour;  and  muriate  of  soda,  sulphate  of  lime, 
and  even  sulphate  of  iron,  to  render  the  shade  d<;eper.  The 
yellow  dyed  by  means  of  fustic  is  more  permanent,  but  not  so 
beautiful  as  that  by  weld  or  cpn  rcilron.  As  it  is  permanent, 
and  not  much  injured  by  acids,  it  is  used  in  dyeing  compound 
colours,  where  yellow  is  reciuired.  The  mordant  is  alumine. 
When  the  mordant  is  oxyde  of  iron,  fustic  dyes  a  permanent 
drab  colour.  Weld  and  quercitron  li;irk  yield  nearly  the  same 
colour  ;  but  as  the  bark  yields  colouring  matter  in  much  greater 
abundance,  it  is  more  convenient,  and  cheaper  than  weld.  The 
method  of  using  each  of  the  dye-stulls  is  nearly  the  same. 

To  di/e  Wool  Yellow.     Boil  the  wool  for  an  hour  with  about 
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one-sixth  of  its  weight  of  alum,  dissolved  in  water.  Then 
plunge  it,  without  being  rinsed,  into  a  bath  of  warm  water, 
containing  as  much  quercitron  bark  as  equals  the  weight  of  the 
alum  employed  as  a  mordant.  The  cloth  is  now  turned  through 
the  boiling  liquid,  till  it  has  acquired  the  intended  colour. 
Then  a  quantity  of  clean  powdered  chalk,  equal  to -jj,  part  of 
the  weight  of  the  cloth,  is  stirred  in,  and  the  operation  of  dye- 
ing continued  for  eight  or  ten  minutes  longer.  By  this  method 
a  pretty  deep  and  lively  yellow  may  be  given  fully  as  perma- 
nent as  weld  yellow.  For  very  bright  orange  yellow,  it  is 
necessary  to  have  recourse  to  the  oxvde  of  tin  as  a  mordant; 
and  to  produce  Uright  golden  yellows,  some  alum  must  be 
added  along  with  the  tin.  But  to  give  the  yellow  a  delicate 
green  shade  much  admired,  tartar  must  be  added  in  dillerent 
proportions,  according  to  the  shade.  And  by  adding  a  small 
proportion  of  cochineal,  the  colour  may  be  raised  to  a  fine 
orange,  or  even  an  aurora. 

iSV//i  may  be  dyed  dillerent  shades  of  yellow,  either  by  weld 
or  quercitron  bark,  but  the  last  is  the  cheapest  of  the  two.  The 
proportion  should  be  from  one  to  two  parts  of  bark  to  'velve 
parts  of  silk,  according  to  the  shade.  The  bark,  tied  i;p  in  a 
bag,  should  be  put  into  the  dyeing  vessel,  while  the  water 
which  it  contains  is  cold  ;  and  when  it  has  acquired  the  heat  of 
about  100  degrees,  the  silk,  having  been  previously  alunicd, 
shoidd  be  dipped  in,  and  contiimed  till  it  assumes  the  vvished- 
for  colour.  When  the  shaile  is  required  to  be  deep,  a  little 
chalk  or  pearl-ash  should  be  added  towards  the  end  of  the 
operation. 

Cotton  and  Linen  are  dyed  yellow,  thus:  the  mordant  acctite 
of  alumine  is  i)repared  by  dissolving  one  part  of  acetile  of 
lead,  and  three  i)arts  of  alum,  in  a  suHieient  quantitv  of  water. 
In  this  solution,  heated  to  the  temperature  of  100  degrees,  the 
cloth  is  soaked  for  two  hours,  then  wrung  out  and  dried.  The 
soaking  may  be  repeated,  and  the  cloth  again  dried  as  before. 
It  is  tbesi  to  be  barely  wetted  with  lime  water,  and  afterwards 
dried.  The  soaking  in  the  acetile  of  alunune  may  be  again  re- 
peated, and  if  the  shade  of  yellow  is  recpiired  to  i)e  verv  bright 
and  durable,  the  alternate  wetting  with  lime  water  and  soak 
ing  in  the  mordant  may  be  repeated  three  or  four  times.  IJv 
this  contrivance,  a  suffieient  quantity  of  alumine  is  combined 
with  the  cloth,  and  the  combination  is  rendered  permanent  by 
the  addition  of  lime.  The  dyeing  bath  is  prepared  bv  putting 
1'2  or  18  parts  of  <|uercitron  bark  (according  to  the  depth  of  the 
shade  required)  tied  up  in  a  bag,  into  a  suflicient  (|uaiitity  of 
cold  water.  Into  this  bath  the  cloth  is  put,  and  turned  round 
in  it  for  an  hour,  while  its  temperature  is  gradually  raised  to 
120  degrees;  it  must  be  then  brought  to  a  boiling  heat,  and 
after  that,  the  cloth  allmved  to  remain  in  it  only  a  few  minutes. 
If  it  be  kept  long  at  a  boiling  heat,  the  yellow  acquires  a  brown 
shade.  Nankeen  yellow  is  obtained  by  a  solution  of  the  red 
sulphate  of  iron,  which  is  combined  with  the  cloth  by  carbonate 
of  potash. 

To  di/e  Fnun  Colour.  The  process  of  dyeing  this  colour 
difl'ers  from  others,  the  wool  merely  requiring  a  simple  immer- 
sion in  water.  Various  substances  are  used  for  dyeing  brown 
or  fawn  colour.  1.  The  bark  or  rind  of  the  walnut-tree.  Its 
shades  arc  uncommonly  fine;  its  colours  solid  ;  and  it  renders 
the  wool  llexible  and  soft.  A  cauldron  half  full  of  water  is 
placed  over  the  lire  ;  as  soon  as  it  grows  warm,  bark  is  added 
ill  proportion  to  the  quantity  of  stulls  intended  to  be  dyed,  and 
the  lightness  or  depth  of  the  shades  required.  It  is  then  boiled 
for  a  quarter  of  an  hour,  when  the  cloths,  previously  moistened 
with  warm  water,  are  immersed,  frequently  turiietl,  and  well 
stirred,  till  they  have  suHiciently  imbibed  the  colour.  They  are 
then  dried  and  dressed  in  the  usual  manner.  The  roor  of  the 
walnut-tree  is  also  employed,  but  with  a  different  process.  A\'licii 
the  green  ualnut-sliiUs  are  used,  they  arc  collected  when  the 
mils  are  ripe;  and  are  put  into  casks,  which  are  afterwards 
tilled  with  water,  and  thus  preserved  till  the  succeeding  year. 
The  bark  of  the  alder-tree  is  chielly  used  for  worsted,  impart- 
ing shades  darkened  with  copperas.  It  is  also  used  for  wool 
that  is  not  required  to  be  very  dark,  as  it  equally  withstand.i 
the  ellects  of  the  sun  and  rain.  Sanders-wood  is  much  inferior 
to  walnut-shells  ;  stillens,  and  consequently  injures  the  wool. 
It  is  in  general  mixed  with  galls,  sumach,  and  alder-bark,  with- 
out which  its  colour  could  not  be  extracted.  Sumach,  where 
3  S 
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dark  colours  are  required,  is  frequently  substituted  for  nut- 
jtalls,  ill  which  case  a  greater  proportion  becomes  necessary. 
These  different  substances,  however,  are  not  unfrequenlly 
mixed  tojjetlier;  they  are  of  a  similar  nature,  differing  only  in  a 
degree  of  colour,  and  it  is  easy  to  obtain  various  shades.  It  is 
both  solid  and  permanent.  Soot  is  only  used  wlicn  the  other 
ingredients  cannot  be  procured.  It  is  not  only  less  solid  than 
the  others,  but  also  hardens,  and  imparts  a  very  disagreeahle 
smell  to  the  wool  or  stulf. 

To  dye  Cloth  Black.  Red  oxyde  of  iron  and  tan  are  employ- 
ed ;  log  is  used  as  an  auxiliary,  because  it  communicates  lus- 
tre, and  adds  to  the  fulness  of  the  hiack.  Cloth,  before  it  re- 
ceives a  black  colour,  is  dyed  blue  ;  but  if  the  cloth  be  coarse, 
the  blue  dye  is  expensive  ;  in  that  case  walnut-peels  are  used 
to  give  it  a  l)rown  colour,  /fool  is  boiled  for  two  hours  in  a 
decoction  of  nut-galls,  then  kept  two  hours  more  in  a  bath  of 
logwood  and  sulpiiate  of  iron,  at  a  scalding  heat,  but  not 
boiled.  It  must  be  frequently  exposed  to  the  air  during  the 
process,  to  imbibe  oxygen  before  the  cltjih  can  acquire  a  pro- 
per colour.  Silk  is  dyed  nearly  in  the  same  manner,  but  as  it 
is  capable  of  combining  with  a  great  deal  of  tan,  the  quantity 
given  is  varied  at  the  pleasure  of  the  artist,  by  allowing  the 
silk  to  remain  a  longer  or  shorter  time  in  the  decoction.  Linen 
and  Cotton  previously  dyed  blue,  are  steeped  for  twenty-four 
hours  in  a  decoction  of  nut-galls,  mixed  with  a  decoction  of 
alder-bark.  A  bath  is  prepared,  containing  an  acetite  of  iron. 
Into  this  bath  the  cloth  is  put  in  small  quantities  at  a  time, 
wrought  with  the  hand  for  a  quarter  of  an  hour,  wrung  out, 
and  aired  again;  then  wrought  in  a  fresh  quantity  of  the  hath, 
and  afterwards  aired.  Tliese  processes  are  repeated  till  the 
requisite  colour  has  been  given  to  the  cloth. 

Of  dyeiny  Compound  Colours,  which  arc  produced  by  mixing 
two  simple  colours  together;  or,  by  dyeing  cloth  first  one  sim- 
ple colour,  and  then  another.  These  colours  vary  to  infinity, 
according  to  the  proportions  of  the  ingredients  employed,  and 
may  be  arranged  under  the  following  classes.  Mixtures  of,  1. 
Blue  and  yellow.  2.  Blue  and  red.  3.  Yellow  and  red.  4. 
Black  and  other  colours. 

Mixtures  oiblue  and  yellow  (orm  yreen,  which  is  distinguished 
by  dyers  into  a  variety  of  shades,  according  to  the  depth  of  the 
shade,  or  the  prevalence  of  either  of  the  component  parts. 
Thus  we  have  sea-green,  grnssfireen,pea-rircen,  &e.  Wool,  silk, 
and  linen,  are  usually  dyed  green,  by  giving  them  first  a  blue 
colour,  and  afterwards  dyeing  them  yellow;  because,  when  the 
yellow  is  first  given,  several  inconveniences  follow  :  the  yellow 
partly  separates  again  in  the  blue  vat,  and  communicates  a 
green  colour  to  it,  and  thus  renders  it  useless  for  every  other 
purpose,  except  dyeing  green.  Any  of  the  usual  processes  for 
dyeing  blue  and  yellow  luay  be  followed,  taking  care  to  pro- 
portion the  depth  of  the  shades  to  that  of  the  green  required. 
When  sulphate  of  indigo  is  employed,  it  is  usual  to  mix  all  the 
ingredients  together,  and  to  dye  the  cloth  at  once  ;  tliis  pro- 
duces what  is  known  by  the  name  of  Saxon  or  English  green. 

Mixtures  oiblue  and  red  form  different  shades  o{ violet,  pur- 


ple, and  lilac.  Wool  is  generally  first  dyed  blue,  and  after- 
wards scarlet,  in  the  usual  manner.  If  cochineal  be  mixed 
with  sulphate  of  indigo,  the  process  may  be  performed  at  once. 
.Silk  is  first  dyed  crimson  by  means  of  cochineal,  and  then 
dipped  into  the  indigo  vat.  Cotton  and  linen  are  first  dyed 
blue,  then  galled,  and  soaked  in  a  decoction  of  logwood  ;  but  a 
more  permanent  colour  is  given  by  the  oxyde  of  iron. 

Mixtures  o( yjllow  and  red  produce  orange.  When  blue  is 
combined  with  red  and  yellow  on  cloth,  the  resulting  colour  is 
olii^e.  Wool  may  be  dyed  orange,  by  first  dyeing  it  scarlet,  and 
then  yellow.  When  it  is  dyed  first  with  madder,  the  result  is 
cinnamon  colour.  Silk  is  dyed  orange  by  means  of  carthamus  ; 
a  cinnamon  colour  by  logwood.  Brazil-wood,  and  fustic  mixed 
together.  Cotton  and  linen  receive  a  cinnamon  colour  by 
means  of  weld  and  madder;  and  an  olive  colour,  by  being 
passed  through  a  blue,  yellow,  and  then  a  madder  bath. 

Mixtures  o{  black  with  other  colours,  constitute '/en//*,  drabs, 
and  browns.  If  cloth  be  previously  combined  with  brown 
oxyde  of  iron,  and  afterwards  dyed  yellow  with  quercitron 
bark,  the  result  will  be  a  drab  of  diH'erent  shades,  according  to 
the  proportion  of  mordant  employed.  When  the  proportion  is 
small,  the  colour  inclines  to  olive  or  yellow  ;  on  the  contrary, 
the  drab  may  be  deepened  or  saddened,  as  the  dyers  term  it, 
by  mixing  a  little  sumach  with  the  bark. 

DYKES.  That  the  surface  of  the  earth  has  been  fractured 
since  its  consolidation,  is  proved  by  the  appearances  which 
rocks  and  strata  in  many  situations  present.  It  is  further 
proved  by  the  existence  of  vertical  seams  intersecting  them, 
and  filled  with  mineral  matter  of  a  diH'erent  kind.  When  the 
substan-j-e  found  in  these  vertical  seams  is  stone  or  earth,  and 
they  are  of  considerable  thickness,  they  are  called  dykes  or 
faults.  When  filled  with  metallic  ores,  they  are  generally 
called  veins. 

DYNAMICS,  is  the  science  of  moving  powers,  or  of  the 
action  of  forces  on  solid  bodies,  when  the  result  of  that  action 
is  motion.  Mechanics,  in  its  most  extensive  meaning,  is  the 
science  which  treats  of  quantity,  of  extension,  and  of  motion. 
Now  that  branch  of  it  which  considers  the  state  of  solids  at 
rest,  such  as  their  equilihrium,  their  weight,  pressure,  6vc.  is 
called  Statics ;  and  that  which  treats  of  their  motion.  Dynamics. 
.So  when  fluids,  instead  of  solids,  are  the  subjects  of  investiga- 
tion, that  branch  which  treats  of  their  equilihrium,  pressure, 
&c.  is  called  Hydrostatics,  and  that  which  treats  of  their 
motion,  Hi/drodi/namics. 

DYSENTERY,  in  Medicine,  a  flux  or  flatulency  of  the 
bowels,  occasioned  by  stoppage  of  perspiration,  especially  in 
hot  weather,  unwholesome  food,  damp  clothes,  &c.  The  most 
proper  treatment  is  by  taking  a  gentle  vomit,  followed  by 
rhubarb,  or  ten  drachms  of  Glauber's  salts. 

DYSPEPSY,  a  difficulty  of  digestion,  for  which  physicians 
prescribe  bitters. 

DY.SPNCTIA,  a  difficulty  of  breathing,  usually  called  asthma. 

DYTISCUS,  the  Water  Beetle,  in  ZiJology,  a  genus  of  insects 
of  the  order  coleoptera,  of  which  there  are  23  species. 
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X^j?  the  fifth  letter  in  the  alphabet,  as  a  numeral,  stands  for 
250.  In  Music,  it  denotes  the  tone  e-la-mi.  In  the  Calendar, 
it  is  the  fifth  of  the  dominical  letters.  And  in  Sea-charts,  it 
distinguishes  all  the  easterly  points. 

EAR,  AuRis,  in  Anatomy,  the  organ  of  hearing. 

BARINGS,  are  certain  small  ropes  employed  to  fasten  the 
upper  corners  of  a  sail  to  its  respective  yard,  for  which  purpose 
•Jne  end  of  the  earing  is  spliced  to  the  cringle  fixed  in  that  part 
Df  the  sail,  and  the  other  end  is  passed  five  or  six  times  round 
theyard-arm  and  through  the  cringle  ;  the  two  first  turns,  which 
arc  intended  to  stretch  the  head  of  the  sail  tight  along  the  yard, 
are  passc<l  beyond  the  lift  and  rigginsron  the  \ard-arm,  and  are 
called  outer  turns,  while  the  rest  which  draw  it  close  up  to  the 


yard,  and  are  passed  within  the  lift,  &c.  are  called  inner  turns. 
N.  B.  Every  reef  on  a  yard  has  its  respective  carings,  which 
are  passed  in  the  same  manner. 

EARL,  a  British  title  of  nobility,  next  below  a  marquis,  and 
above  a  viscount.  Earls  were  anciently  called  comitcs,  because 
they  were  wont  to  wait  u|ion  the  king  for  counsel  and  advice. 
The  Germans  call  (hem  graves,  as  landgrave,  margrave,  pals- 
grave, rheingrave  ;  tlie  Saxons,  ealdcrmen  ;  (he  Danes,  eorlas  ; 
and  the  English,  earls.  The  title,  originally,  died  with  tlie 
man.  William  the  Conqueror  first  made  it  hereditary,  giving 
it  in  fee  to  his  nobles,  and  allotting  them  for  the  support  of 
tiieir  state  the  third  penny  out  of  the  shcrilf's  court,  issuing  out 
of  all  pleas  of  the  shire  whence  they  had  their  title. 
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EARL  Marshal  of  England,  a  great  olTicer  who  had 
anciently  several  courts  under  his  jurisdiction,  as  tlie  court  of 
chivalry  and  the  court  of  honour.  Under  liim  is  also  the 
herald's  office,  or  college  of  arms.  He  has  some  pre-eminence 
in  the  court  of  Marshalsea,  where  he  may  sit  in  judgment 
against  those  who  oflend  within  the  verge  of  the  king's  court. 

EARNEST,  a  part  of  the  price  paid  in  advance  to  bind  par- 
ties to  the  performance  of  a  verbal  agreement.  The  party  is 
then  obliged  to  abide  by  his  bargain,  and  is  not  discharged 
upon  forfeiting  his  earnest,  but  may  be  sued  for  the  whole 
money  stipulated,  and  damages  ;  no  contract  for  sale  of  goods 
not  to  be  delivered  immediately,  to  the  value  of  £10  or  more,  is 
valid,  unless  contract  is  made  by  the  parties,  or  those  lawfully 
authorized  by  them,  or  earnest  is  given. 

EARTH,  in  Astronomy  and  Geography,  one  of  the  primary 
planets,  being  this  terraqueous  globe  which  we  inhabit.  See 
Astronomy. 

EARTHQUAKE,  a  tremor  or  shaking  of  the  earth,  fre- 
quently accompanied  with  dreadful  noises  underground,  or  in 
the  atmosphere,  often  destroying  towns  and  cities,  throwing 
down  rocks,  levelling  hills,  changing  the  course  of  rivers.  Sec. 
The  most  remarkable  earthquakes  recorded  in  history  are,  that 
of  Herculaneum,  by  which  that  city  was  wholly  destroyed, 
A.  D.  79.  The  destruction  of  Nicomcdia,  Caesarea,  and  Mica, 
in  liithynia,  a.  n.  126.  A  dreadful  one  in  Syria,  by  which 
about  five  hundred  cities  were  destroyed  or  damaged  in  74.5. 
Catania,  in  Sicily,  destroyed,  and  15,000  perished  in  the  ruins, 
1173.  Port  Koyal,  in  Jamaica,  with  3000  inhabitants,  over- 
whelmed in  lG9'i.  Messina,  in  Sicily,  destroyed,  and  above 
18,000  persons  killed,  1693.  Lima  and  Callao,  in  South  Ame- 
rica, destroyed,  and  20,000  persons,  1746.  A  dreadful  one  at 
Lisbon,  in  which  above  10,000  of  the  inhabitants  perished,  1755. 
Tliis  earthquake  extended  to  Spain,  Morocco,  Constantinople, 
France,  and  England.  The  year  1783  was  rendered  remarkable 
by  the  destruction  of  the  two  Calabrias  and  part  of  Si(uly  ;  but 
this  was  only  the  beginning  of  a  succession  of  fatal  earth- 
quakes, which  continued  to  spread  desolation  over  that  part  of 
the  world  for  the  space  of  two  years. — The  list  of  these  awful 
visitations  of  Providence  might  be  easily  enlarged,  but  we 
shall  close  the  enumeration  by  mentioning  two  of  recent 
occurrence: — viz.  the  dreadful  earthquake  of  the  Caraccas,  in 
South  America,  in  1812,  by  which  several  cities  and  towns 
were  ruined,  or  greatly  injured,  and  many  thousands  of  their 
inhabitants  destroyed  ;■ — and  that  of  Aleppo,  Antioch,  and  the 
surrounding  country,  in  1822,  by  which  20,000  persons  perished, 
and  as  many  were  maimed  and  wounded. 

EARTHS.  The  stony  or  pulverulent  masses,  which  are  the 
chief  component  parts  of  the  mountains,  valleys,  and  plains  of 
our  globe,  consist  of  a  few  substances  called  earths,  as  barytes, 
strontites,  lime,  silica,  magnesia,  alumina  or  clay,  glucine, 
zirconia,  yttria,  and  thorina.  They  are  incombustible  but  very 
little  soluble  in  water  or  alcohol ;  have  little  or  no  taste  ;  their 
specific  gravity  less  than  most  of  the  metals;  when  pure,  they 
assume  the  form  of  a  white  powder;  infusible,  capable  of  com- 
bining with  the  acids,  insipid  to  the  taste,  disposed  to  unite 
with  the  alkalies,  sulphur,  or  phosphorus,  and  each  other,  either 
by  fusion  or  solution  in  water.  The  class  of  earths  will  always 
be  of  important  consideration  with  mankind.  It  is  not  unlikely 
that  hereafter  the  other  earths  may  be  decomposed,  and  found 
to  be  oxides  in  like  manner. 

Earths,  in  Chemistry,  are  all  those  stones  which  we  tread 
nnder  foot,  but  which  consist  of  a  few  elementary  principles. 
These  earths  are  silex,  alumine,  magnesia,  glucine,  yttria,  and 
zircon,  which,  when  freed  from  foreign  matters,  are  gcntrally 
of  a  white  colour,  insoluble  in  water,  incombustible,  and  not 
four  times  the  specific  gravity  of  water. 

,S'i7<j:,  or  Siliceous  Earth,  is  the  basis  of  all  substances  known 
by  the  name  of  quartz  and  silex.  It  has  never  been  found 
pure  in  a  stale  of  nature,  but  in  combination  with  other  sub- 
stances, it  abounds  in  almost  every  country  of  the  glcd)c. 
Common  Hint  ronlains  ninety-seven  parts  out  of  a  hundred 
of  silex,  it  consequently  has  given  its  name  to  this  earth, 
silex  being  the  Latin  word  for  (lint.  When  purified  it  is  a 
white  powder,  the  particles  of  which  are  harsh  to  the  touch,  as 
if  they  consisted  of  very  minute  gniins  of  sand.  It  is  not 
quite  three  times  as  heavy  as  water,  and  has  neither  taste  nor 


smell.  Water  will  not  dissolve  it,  nor  any  kind  of  acid,  except 
fluoric.  .Sir  H.  Davy  lias  discovered  it  to  have  a  metallic 
basis,  to  which  he  has  given  the  name  of  siliciiim.  Silex  has 
various  uses  in  the  arts,  and  is  one  of  the  most  valuable  sub- 
stances we  are  acquainted  with.  In  various  states  of  combina- 
tion it  is  employed  in  the  making  of  roads,  as  an  ingredient  in 
glass,  for  making  chemical  furnaces  and  utensils,  in  the  manu- 
facture of  pastes  or  artificial  gems,  and  for  innumerable  other 
useful  purposes. 

Alumine,  is  a  kind  of  earth,  so  called  from  its  forming  the 
basis  of  alum.  It  is  very  soft,  compact,  and  tenacious,  about 
twice  the  weight  of  water,  and  when  breathed  upon,  has  a  smcli 
which  is  peculiar  to  all  clayey  productions.  In  the  fire  it 
shrinks,  and  becomes  so  hard  as  even  to  strike  fire  with  steel. 
It  readily  absorbs  vvater,  and  is  dissolved  by  most  acids. 
Some  writers  state,  that  pure  alumine  has  been  discovered  in 
a  native  state  near  Halle,  in  Germany.  It  is  found  in  a  crvs- 
tallized  form,  and  nearly  in  a  state  of  purity,  in  the  Oriental 
ruby  and  sapphire.  From  the  dillerent  combinations  of  alumine 
arc  made  all  kinds  of  earthenware.  To  the  djer  and  the 
calico-printer  it  is  an  article  of  indispensable  necessity  ;  and 
fullers  and  scourers  of  cloth  employ  it  with  great  advantage  in 
their  respective  operations. 

Zircon,  when  freed  from  those  substances  with  which  it  is 
combined,  is  a  white  and  somewhat  rough  pov»dor,  insipid  to 
the  taste,  insoluble  in  water,  and  about  four  times  as  heavy  as 
that  lluid.  It  is  found  in  the  two  kinds  of  precious  stone 
called  jargoon  and  hyacinth,  and  has  not  hitherto  been  applied 
to  any  useful  pur|iose. 

Glucine,  is  a  kind  of  earth  of  peculiar  nature  which  is  found 
in  the  emerald  and  beryl,  and  when  purified  forms  a  soft, 
light,  and  white  powder,  without  smell,  and  of  a  sweetish  taste. 
To  the  last  of  lliese  (lualities  it  is  indebted  for  its  name,  which 
is  derived  from  a  Greek  word  signifying  sweet.  It  is  some- 
what unctuous  to  the  touch,  and  about  three  times  as  heavy  as 
water.  The  uses  of  this  earth,  whatever  they  may  be,  are  not 
known. 

Yttria,  is  an  earth  which,  amongst  other  particulars,  differs 
from  glucine  by  its  weight,  since  it  is  nearl)  (ve  times  heavier 
than  water.  In  a  natural  state  it  occurs  as  the  basis  of  a 
black  Swedish  mineral,  called  gadolini'.e.  When  cleansed  by 
chemical  process  from  all  its  impurities,  it  is  a  fine,  white,  and 
inodorous  powder. 

lian/tcs,  is  a  white,  porous,  and  very  heavy  earth,  which  can 
only  be  obtained  i)ure  by  chemical  process.  It  is  easily 
reduced  to  powder,  and  is  soluble  in  all  kinds  of  acids.  To  the 
taste  it  is  very  harsh  and  caustic,  and  if  taken  into  the  stomach 
proves  an  extremely  virulent  ])oison.  In  sonic  respects  it 
agrees  with  the  alkalies,  particularly  in  its  property  of  chang- 
ing blue  vegetable  colours  to  green,  and  in  corroding  like  them, 
though  with  less  energy,  all  kinds  of  animal  substances.  From 
these  circumstances  it  has  sometimes  been  denominated  an 
alkaline  earth.  Saturated  with  sulphuric  and  carbonic  acid,  it 
constitutes  the  minerals  denominated  sulphate  and  carbonate 
of  barytes.  It  has  been  discovered  to  have  a  metallic  base, 
which  is  called  barium. 

Strontian,  is  ail  earth  which,  like  barUcs,  is  not  found  other- 
wise than  in  coniliiimtion  with  sulphuric  and  carbonic  ai-ids. 
It  occurs  in  great  abuiulance  in  dillerent  parts  of  the  world, 
and  when  purilicd,  forms  a  porous  mass,  ofgrayish  white  colour, 
acrid  taste,  and  somewhat  alkaline  nature.  This  earth  con- 
verts vegetable  blue  colours  to  green,  hut  docs  not  act  so 
strongly  on  animal  bodies  as  barytes,  nor  is  it  poisonous  like 
that  substance. 

Lime,  the  basis  of  all  those  substances  which  are  denomi- 
nated calcareous,  is  only  to  be  obtained  in  a  state  of  purity  by 
artificial  process.  Combined  with  carbonic  acid,  it  forms 
limestone,  chalk,  and  marble;  but  correctly  speaking,  none  of 
these  substances  are  lime,  though  they  are  all  capable  of  being 
converted  into  such  by  burning.  Lime  may  also  be  obtained 
from  oyster  and  other  sea  sliclls.  When  pure,  it  is  of  a  v»liite 
colour,  and  moderately  hard  substance,  though  i  .isily  re(Uicihle 
to  powder.  Its  taste  is  burning  and  acrid,  and,  like  the  alka- 
lies, it  changes  vegetable  blue  colours  to  green.  It  has  like- 
wise the  property  of  corroding  and  destroying  animal  sub- 
stances.    Lime,  when  pure,  absorbs  water  w!|h  great  avidity. 
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becomes  hot,  and  falls  into  powder.  Even  merely  exposed  to 
the  open  air,  it  jjradually  attracts  moisture,  and  assumes  a 
powdery  I'orm  ;  soon  alter  wliicli  it  becomes  saturated  with  car- 
bonic acid  from  the  atmosphere,  and  is  thereby  again  converted 
into  carbonate  of  lime.  It  occurs  abundanll>  in  almost  every 
country,  but  always  in  combination  witli  some  acid, — carbonic, 
sulphuric,  boracic,  lluoric,  or  phosphate.  This  substance  has 
a  metallic  basis,  which  has  been  denominated  calcium.  Tbe 
particular  uses  of  lime  will  be  hereafter  detailed. 

Maynesia,  is  a  li^ht  and  perfectly  white  kind  of  earth,  of 
soft  powdery  appearance,  witliout  tasle  or  smell,  and  some- 
what more  than  twice  as  heavy  as  water.  It  is  not  found  in 
this  pure  state  in  nature,  but  may  be  prepared  from  Epsom 
salt,  which  consists  of  magnesia  in  union  with  sulphuric  acid. 
The  slightly  acrid  taste  observable  in  the  magnesia  used  in 
medicine,  arises  from  a  portion  of  lime  wliich  it  contains. 
This  substance  does  not  dissolve  in  water,  but  is  soluble  in 
every  kind  of  acid.  It  has  the  property  of  clianging  delicate 
blue  colours  to  green. 

EASE  THE  Ship,  the  command  given  to  the  steersman  to 
put  the  helm  close  to  the  lc,;-side,  or,  in  the  sea  phrase,  hard-a- 
lee,  when  the  ship  is  expected  to  pitch  or  plunge  her  fore  part 
deep  in  the  water,  while  close-hauled.  The  reason  usually 
given  for  tliis  practice  is,  tliat  the  sudden  movement  of  the 
helm  prevents  the  ship's  head  from  falling  with  so  much  weight 
and  rapidity  into  the  hollow  of  the  sea,  as  it  would  otherwise  do  ; 
which  is  presuming,  that  the  slow  and  uncertain  effect  of  the 
helm  is  sufficient  to  retard  the  certain  and  violent  action  of 
gravity,  a  position  that  necessarily  infers  a  very  singular  theorj'- 
of  mechanics.  We  shall  not  endeavour  to  advance  any  argu- 
ment in  favour  of  this  practice,  only  to  remark,  that  it  is  most 
religiously  observed  both  in  merchant  ships  and  his  majesty's 
navy. 

EASTER,  a  Festival  of  the  Christian  church,  observed  in 
memory  of  our  Saviour's  resurrection.  The  Asiatic  churches 
kept  their  Easter  on  the  same  days  the  .lews  observed  their 
passover;  and  others,  on  the  first  Sunday  after  the  first  full 
moon  in  the  new  year.  This  controversy  was  determined  in 
the  council  of  Nice,  when  it  was  ordained,  that  Easter  should 
be  kept  on  one  and  the  same  day,  which  should  always  be  a 
Sunday.  But  though  the  Christian  churches  differed  as  to  the 
time  of  celebrating  Easter,  all  agreed  in  shewing  particular 
respect  to  this  festival. 

E.\^U -DE-LUCE,  a  volatile  preparation,  thus  made:  tenor 
twelve  grains  of  white  soap  are  dissolved  in  four  ounces  of 
rectified  spirit  of  wine,  after  which  tlie  solution  is  strained,  and 
a  drachm  of  rectified  oil  of  amber  is  added,  and  the  wliole  is 
filtrated.  Afterwards  some  strong  volatile  spirit  of  sal  ammo- 
nia should  be  mixed  with  the  solution. 

EAVES,  in  Architecture,  the  margin  or  edge  of  the  roof  of 
a  house,  being  the  lowest  tiles,  slates,  or  thatch,  that  hang  over 
the  walls,  to  throw  ofl'  the  water  at  some  six  or  nine  inches 
from  the  wall. 

EBB,  the  reflux  of  the  tide,  or  the  return  of  it  back  from  the 
highest  of  the  flood,  usually  termed  full  sea,  or  high  water. 

EBENUS,  the  Ebony  Tree,  a  genus  of  the  decandria  order, 
in  the  diadelphia  class  of  plants,  and  in  the  natural  method 
ranking  under  the  3"2d  order,  papilionaccic.  There  are  two  spe- 
cies. 1.  The  cretica.  a  native  of  Crete  and  other  islands  in  the 
Archipelago,  rises  with  a  shrubby  stalk  three  or  four  feet  high, 
which  puts  out  several  side  branches  with  hoary  leaves  at  each 
joint,  composed  of  five  narrow  spear-shaped  lobes,  which  join 
at  their  tails  to  the  foot-stalk,  and  spread  like  the  fingers  of  a 
liand.  The  branches  are  terminated  by  spikes  of  purple  flow- 
ers. 2.  The  pinnata,  a  biennial,  and  also  a  native  of  the 
Levant,  constitutes  the  genus  ebenus  of  botanists  ;  but  that 
which  is  called  ebony  wood,  and  wliici;  is  brought  from  the 
Indies,  is  hard  and  heavy,  susceptible  of  a  fine  polish,  and  on 
that  account  is  used  in  inlaid  works,  &.c.  ;  the  most  usual 
ebonies  are  black,  red,  and  green,  which  come  from  Madagas- 
car and  the  island  of  St.  Maurice.  Black  ebony,  preferred 
to  tbe  others,  is  now  much  less  used  than  formerly,  since  the 
discovery  of  so  many  ways  of  giving  other  hard  woods  a  black 
colour.  The  green  ebony,  besides  Madagascar  and  St.  Mau- 
rice, grows  in  the  Isle  of  Tobago.  Of  red  ebony,  called  also 
grcnadilla,   we   know  little   more   than   the   name.     Cabinet- 


makers, in-layers,  &c.  make  pear  tree  and  other  woods  pass 
for  ebony,  by  giving  them  a  black  colour  with  a  strong  decoc- 
tion of  galls,  to  which  is  added  a  small  quantity  of  vitriulated 
iron. 

EBULLITION,  the  act  of  boiling  up  with  heat,  when  a  fluid, 
as  water,  is  passing  off  liom  a  state  of  fluidity  to  that  of  au 
uniform  gas,  in  consequence  of  the  application  of  heat,  which 
converts  the  water  into  vapour  or  steam. 

ECCENTRIC,  in  Geometry,  denotes  two  circles,  or  spheres, 
which,  though  contained  in  some  measure  within  each  other, 
yet  have  not  the  same  centre ;  and  is  thus  opposed  to  concen- 
tric, which  indicates  that  two  figures  have  a  common  centre. 
In  Astronomy,  the  eccentric  place  of  a  planet  is  its  place  as 
seen  from  the  sun,  and  which,  when  referred  to  the  ecliptic, 
coincides  with  the  heliocentric  longitude.  And  the  eccentricity 
of  a  planet  is  the  distance  between  the  centre  and  focus  of  the 
ellipsis  in  which  it  revolves. 

ECCLESIASTICAL  COURTS,  as  the  Archdeacons,  the 
Consistory,  the  court  of  Arches,  the  Peculiar's,  the  Prerogative, 
and  the  court  of  Delegates. 

ECHENEIS,  the  liemora,  in  Ichthyology,  a  genus  belonging 
to  the  order  of  thoracici,  of  which  there  are  two  species.  1.  The 
remora,  or  sucking-fish.  2.  The  neucrates  ;  both  natives  of 
the  Indian  ocean.  They  were  often  found  adhering  so  strongly 
to  the  sides  of  sharks  and  other  great  fish,  as  to  be  got  off  with 
difficulty. 

ECHINUS,  in  Zijology,  the  sea  hedge-hog,  a  genus  of  insects 
belonging  to  the  order  of  vermes  moUusca. 

ECHO,  a  sound  refiected,  or  reverberated  from  a  solid  con- 
cave body,  and  thence  repeated  to  the  ear.  See  Acoustics. 

ECLECTICS,  ancient  Philosophers,  who,  without  attaching 
themselves  to  any  particular  sect,  selected  whatever  appeared 
to  them  the  best  and  most  rational  from  each. 

ECLIPSE  OF  THE  Sun,  is  an  occultation  of  part  of  the  face 
of  the  sun,  occasioned  by  an  interposition  of  the  moon  between 
the  earth  and  the  sun,  consequently  all  eclipses  of  the  sun 
happen  at  the  time  of  new  moon. 

Eclipse  of  the  Moon,  is  a  privation  of  the  light  hf  the  moon, 
occasioned  by  au  interposition  of  the  earth  between  the  sun  and 
the  moon,  consequently  all  eclipses  of  the  moon  happen  at  full 
moon  ;  for  it  is  only  when  the  moon  is  in  opposition,  that  it  can 
come  within  the  shadow  of  the  earth,  which  must  always  be  on 
that  side  of  the  earth  which  is  from  the  sun.  The  earth  being 
in  the  plane  of  the  ecliptic,  the  centre  of  its  shadow  is  always 
in  that  plane  ;  if  therefore  the  moon  be  in  its  nodes,  that  is.  in 
the  plane  of  the  ecliptic,  the  shadow  of  the  earth  will  fail  upon 
it;  also,  since  this  shadow  is  of  considerable  breadth,  it  is 
partly  above  and  partly  below  the  plane  of  the  ecliptic;  if 
therefore  the  moon  in  opposition  be  so  near  one  of  its  nodes, 
that  its  latitude  is  less  than  half  the  breadth  of  the  shadow,  it 
will  be  eclipsed.  But,  because  the  plane  of  the  moon's  orbit 
makes  an  angle  of  more  than  five  degrees  with  the  plane  of  the 
ecliptic,  it  will  frequently  have  too  much  latitude  at  its  opposi- 
tion to  come  w  ithin  the  shadow  of  the  earth. 

Now  let  S  represent  the  sun,  as  in  the  figure,  m  the 
moon  between  the  earth  and  the  sun,  a  E  G  6  a  portion  of  the 
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earth's  orbit,  e  and  /  two  places  on  the  surface  of  the  earth 
The  dark  part  of  the  moon's  shadow  is  called  the  mnhra,  and 
the  light  part  the  pemimbrn  ;  and  it  is  evident,  that  if  a  specta- 
tor he  situated  on  that  part  of  the  earth  where  the  nnibra  falls, 
that  is  between  e  and  /',  there  will  be  a  total  eclipse  of  the  sun 
at  that  place  ;  at  e  and/,  in  the  penumbra,  there  will  be  a  partial 
eclipse,  and  beyond  the  penumbra  there  will  be  no  eclipse.  As 
the  earth  is  not  always  at  the  same  distance  from  the  moon,  if 
an  eclipse  should  happen  when  the  earth  is  so  far  from  the 
moon  that  the  lines  Fe  and  C/' cross  each  other  before  they 
come  to  the  earth,  a  spectator  situated  on  the  earth,  in  a  direct 
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line  between  the  centres  of  the  sun  and  moon,  would  see  a  riiiR 
of  light  round  tlie  dark  liody  of  tlie  moon,  called  an  annular 
eclipse;  wlien  this  happens,  there  can  be  no  total  eclipse  any 
where,  because  the  moon's  umbra  does  not  reach  ihe  earth. 
People  situated  in  the  pcniwnbra  v\ill  perceive  a  partial  eclipse; 
and  an  eclipse  can  never  be  annular  lonjjer  than  1-2  minutes 
24  seconds,  nor  total  longer  than  7  minutes  58  seconds,  nor  can 
the  duration  of  an  eclipse  of  tlie  sun  ever  exceed  two  hours. 

The  sun  beina;  larper  than  the  earth,  the  shadow  of  the  earth 
is  a  cone,  the  base  of  which  is  on  the  surface  of  the  earth,  and 
the  moon  is  eclipsed  by  a  section  of  the  earth's  shadow.  If  the 
earth  were  larfcer  than,  or  equal  lo,  the  sun,  its  shadow  would 
citlier  perpetually  enlarge,  or  be  aluajs  of  the  same  dimension  : 
but  in  this  case  the  superior  planels  would  somelimis  come 
within  il,  and  be  eclipsed,  which  never  happens.  Therefore, 
the  suu  is  larger  than  the  earth,  and  produces  a  shadow  from 
tlie  earth  of  a  conical  form,  which  does  not  extend  to  the  orbit 
of  Mars. 

An  eclipse  of  the  moon  is  partial,  when  only  a  part  of  its 
disc  is  within  the  shadow  of  the  earth  ;  it  is  total,  when  all  its 
disc  is  within  the  shadow  ;  and  it  is  central,  when  the  centre  of 
the  earth's  shadow  falls  upon  the  centre  of  the  moon's  di.sc. 
Lets  represent  the  sun,  EG  the  earth,  and  m  the  moon  in  the 
earth's  umbra,  having  ihe  earth  between  her  and  the  sun  ;  D  E  P 
and  HGP  the  penumbra.  Now,  the  nearer  any  part  of  the 
penumbra  is  to  the  umbra,  the  less  light  it  receives  from  the 
sun,  as  is  evident  from  (he  ligure  ;  and  as  the  moon  enters  the 
penumbra  before  she  enters  the  umbra,  she  gradually  loses  her 
light  and  appears  less  brilliant.  The  duration  of  an  eclipse  of 
the  moon,  fion\  lier  first  touching  the  earth's  penumbra  lo  her 
leaving  it,  does  not  exceed  live  hours  and  a  half.  The  moon 
does  not  continue  in  the  earth's  umbra  long'-r  than  three  hours 
and  three-quarters,  in  any  eclipse,  neither  is  she  totally 
c.-lipsed  for  a  longer  period  than  one  hour  and  three-quarters. 
As  the  moon  is  actually  deprived  other  light  during  an  eclipse, 
every  inhabitant  upon  tlic  face  of  the  earth  who  sees  the  moon, 
.sees  the  eclipse. 

An  eclipse  of  the  sun,  as  we  have  said,  happens  when  the 
moon,  passing  between  the  sun  and  the  earth,  intercepts  the 
sun's  light,  and  the  sun  can  only  be  eclipsed  at  the  new  moon, 
or  when  Ihe  moon,  at  its  eonjuuclion,  is  in  or  near  one  of  its 
no<!es.  For  unless  the  moon  is  in  or  near  one  of  its  nodes,  it 
caniiot  appear  in  or  near  the  same  plane  with  the  sun  ;  with- 
out wliieli  it  cannot  apjicar  tons  to  pass  over  the  disc  of  the 
sun.  At  every  other  part  of  its  orbit,  it  will  have  so  much 
noithern  or  southern  latitude,  as  to  appear  above  or  below  the 
sun.  If  the  moon  be  in  one  of  its  nodes,  having  no  aliitude,  it 
will  cover  the  whole  disc  of  the  sun,  and  produce  a  total  eclipse, 
except  when  its  apparent  diameter  is  less  than  that  of  the  sun  ; 
if  it  be  neiit  one  of  its  nodes,  having  a  small  degree  of  latitude, 
it  will  only  pass  over  apart  of  the  sun's  disc,  or  produce  a 
partial  eclipse. 

In  a  total  eclipse  of  the  sun,  the  shadow  of  the  moon  falls 
upon  that  part  of  the  earth  where  the  eclipse  is  seen,  and  there- 
fore a  spectator,  placed  any  where  in  the  centre,  v»ill  not  see 
any  part  of  the  sun,  because  the  moon  will  intercept  all  the 
rays  of  light  coming  directly  from  the  sun;  and  it  is  manifest, 
that  in  this  situation  the  moon,  being  an  opaque  body,  will  cast 
its  shadow  upon  the  part  of  the  earth  where  the  eclipse  is 
total.  In  a  partial  eclipse  of  the  sun,  a  penumbra,  or  imperfect 
shadow  of  the  moon,  falls  upon  that  part  of  the  earth  where 
the  partial  eclipse  is  seen. 

If  the  moon,  when  new,  is  in  one  of  its  nod<\s,  the  eclipse  of  the 
sun  will  be  central.  For  then  the  centres  of  the  earth,  sun,  and 
moon,  being  all  iu  the  plane  of  the  ecliptic,  and  being  now  con- 
centric, the  centre  of  the  moon  will  pass  between  the  sun's 
centre  and  that  of  the  earth.  The  penumbra  of  the  moon,  in  a 
central  eclipse,  will  not  cover  the  whole  disc  of  the  earth  ;  for 
the  semidiametcr  of  the  moon's  penumbra  being  equal  lo  the 
sum  of  the  apparent  semidiameters  of  the  sun  and  moon,  about 
16'.  2:5".  X  15'.  37".  or  :ii'.  at  the  medium,  its  diameter  is  about 
04'.  whereas  the  diameter  of  the  earth's  disc  is  about  liC. 
whence  the  peinunbra  cannot  cover  the  whole  disc.  The 
height  of  the  shadow  of  tlie  moon  is  about  (iOJ  semidiameters 
of  the  earth.  The  semiangles  of  the  earth's  shadow  and 
of  the  moon's  shadow,  being  each  eciual  to  the  sun's   apparent 
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semidiameter,  the  angles  are  equal  to  one  another,  and  the.^e 
cones  are  similar.  Therefore,  as  the  semidiameter  of  the 
base  of  the  earth's  shadow,  (that  is,  of  the  earth.)  is  to 
the  semidiameter  of  the  base  of  the  moon's  shadow,  (that  is,  of 
the  moon,)  so  is  the  height  of  the  earth's  shadow  lo  the  height 
of  the  moon's  shadow.  Now  the  semidiameter  of  the  earth  is 
to  that  of  the  moon  nearly  as  lOt)  to  28,  and  the  height  of  the 
earth's  shadow  is  about  217  semidiameters  of  llie earth  ;  whence 
the  height  of  the  moon's  shadow  is  equal  to  about  OtJ  semi- 
diameters of  the  earth  ;  for  100  :  li  :  :  217  GOJ  nearly. 

An  eclipse  of  the  sun  is  said  to  be  anntilar,  when  at  the  time 
of  the  eclipse  a  ring  of  the  sun  appears  round  the  edges  of  the 
moon  ;  and  a  central  eclipse  of  the  sun  will  be  an  annular  one, 
if  the  distance  of  the  moon  from  the  earth  at  the  time  of  the 
eclipse  be  greater  than  its  mean  distance.  Were  the  orbit  of 
the  earth  and  that  of  the  moon  both  in  the  same  plane,  there 
would  be  an  eclipse  of  the  suu  every  new  moon,  and  an  eclipse 
of  the  moon  every  full  moon.  But  the  orbit  of  the  moon  makes 
an  angle  of  five  degrees  and  a  quarter  with  Ihe  plane  of  the 
earth's  orbit,  and  crosses  it  in  two  points  called  the  nodes. 
Astronomers  have  cal(;ulated,  that  if  the  moon  he  less  ihan 
17°  21'  from  either  node,  at  the  time  of  new  moon,  the  sun 
may  be  eclipsed  ;  or  if  less  than  11°  34' from  cither  node,  at 
Ihe  full  moon,  the  moon  may  be  eclipsed  ;  at  all  other  times 
there  can  be  no  eclipse,  for  the  shadow  of  the  moon  will 
fall  either  above  or  below  the  earth  at  the  time  of  new  moon  ; 
and  the  shadow  of  the  earth  will  fall  either  above  or  below  the 
moon,  at  the  lime  of  full  moon.  To  illustrate  this,  suppose  the 
right  hand  part  of  the  moon's  orbit,  as  in  the  fiu'ure.  to  be 
elevated  above  the  plane  of  the  paper,  or  earth's  orbit,  it  is  evi- 
dent that  the  earth's  shadow,  at  full  moon,  wcuild  fall  below  the 
moon  :  the  left  hand  part  of  the  moon's  orbit  at  the  same  lime 
would  he  depressed  below  the  plane  of  the  paper,  and  the 
shadow  of  the  moon,  at  the  time  of  new  moon,  would  fall  below 
Ihe  earth.  In  this  case,  the  moon's  nodes  would  be  between 
E  and  a,  and  between  G  and  b,  and  there  would  he  no  eclipse, 
either  at  the  full  or  new  moon  ;  but,  if  the  part  of  the  moon's 
orbit  bet«  een  G  and  b  be  elevated  above  the  plane  of  the  paper, 
or  earth's  orbit,  the  part  between  E  and  a  will  be  depressed, 
the  line  of  the  moon's  nodes  will  then  pass  Hirough  Ihe  centre 
of  the  earth  and  that  of  the  moon,  and  an  eclipse  will  ensue. 

An  eclipse  of  the  sun  begins  on  Ihe  western  side  of  his  disc, 
and  ends  on  the  eastern  ;  and  an  eclipse  of  the  moon  begins  on 
the  eastern  side  of  her  disc,  and  ends  on  the  western.  The 
average  number  of  eclipses  in  a  year  is/our,  two  of  the  sun, 
and  two  of  the  moon  ;  and,  as  the  sun  and  moon  arc  as  long 
below  the  horizon  of  any  particular  place  as  they  arc  above  it, 
the  average  number  of  visible  eclipses  in  a  year  is  two,  one  of 
the  sun  and  one  of  the  moon. 

ECIilPTIC,  in  Aslronomy,  is  a  great  circle  in  which  Ihe  sun 
makes  his  apparent  annual  progress  among  the  fixcil  stars.  It 
is  the  real  path  of  the  earth  round  the  sun.  The  intersection 
at  23°  28'  is  called  the  equinoctial  points  ;  the  ecliptic  is  situ- 
ated in  the  middle  of  the  zodiac.  The  apparent  path  of  the  sun 
is  either  in  the  eqiiinocfiiil,  or  in  lines  nearly  parallel  to  it,  and  his 
apparent  annual  pith  may  be  traced  in  the  heavens,  by  observ- 
ing what  particular  constellation  in  the  zodiac  is  on  the  meri- 
dian at  midnight;  the  opposite  constellation  will  shew,  very 
nearly,  ihe  sun's  place  at  noon  on  the  same  day. 

EI)DY,  the  water  that  by  some  interruption  in  its  course 
runs  contrary  to  the  direction  of  the  tide  or  current,  and 
appears  like  the  motion  of  a  whirlpool. 

EDGINGS,  among  (iardeners,  the  series  of  small  hut  dura- 
ble plants,  set  round  the  edges  or  borders  of  (lower-beds.  ^:c. 
The  best  and  most  durable  plant  for  this  use  is  box,  whii-h,  if 
well  planted  and  rightly  managed,  will  continue  in  strength  and 
beauty  many  years,  "fhc  seasons  for  planting  these  are  the 
autumn,  and  very  eaily  in  the  spring  ;  and  the  best  species  foi' 
this  purpose,  is  the  dwarf  Dutch  box. 

EDICT,  an  order  or  instrument  signed  and  sealed  by  a 
prince,  to  serve  as  a  law  to  his  subjects.  We  find  fre<|uent 
mention  of  tlie  edicts  of  the  Praetor,  the  ordinances  of  thatoHi- 
eer,  in  the  Hoinan  law.  Edicts  can  have  no  room  in  Urilain, 
because  laws  originate  in  the  parliament,  and  not  in  the  kin.:. 

EDITOR,  the  person  who  revises  or  prepares  any  woik  for 
publication. 
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EFFECT,  (he  result  or  consequence  of  the  application  of  a 
cause  or  agciil,  on  some  sul)ject.  It  is  an  axiom  in  philosophy, 
that  ellecls  are  proportional  to  tlicir  adeipiate  causes. 

EFFECTION,  denotes  the  geometrical  coiistruclion  of  a 
proposition  ;  it  is  also  used  in  rclercnce  to  pioblems,  which 
when  Ihey  are  deduclhle  from,  or  founded  upon,  some  general 
propositions,  are  called  Ihe  yeometricul  eff'cctioiis  of  tliem. 

EFFEUVESCENCE,  a  small  deoVee  of  elmllition :  the 
agitaliou  piiiduced  by  the  mixture  of  an  acid  and  au  alkali. 

EFFICIENT  Causi;,  that  which  produces  an  cll'ect. 

EFFLORESCENCE,  the  ellect  which  takes  place  when 
bodies  spontaneously  become  convened  into  a  dry  powder. 
It  is  almost  always  occasioned  by  the  loss  of  the  water  of  crys- 
tallizalion  in  saline  bodies.  Natron  is  an  example  of  elilo- 
rescence,  when  it  appears  as  a  salt  on  the  surface  of  the  ground. 
Alum  ellloresces  in  the  same  way. 

EFFLUVIUM,  in  Physiology,  the  minute  particles  which 
exhale  from  most,  if  not  fiorn  all  bodies  in  nature;  a  sort  of 
invisible  vapour,  sensible  only  by  ils  ellect  on  the  organ  of 
smelling.  Ellluxia  however  in  some  cases  become  visible,  con- 
stituting that  which  in  animals  and  plants  makes  the  matter  of 
perspiraiion. 

EFFORT,  a  tern!  frequently  used  by  mathematicians  and 
philosophers,  to  denote  the  force  by  which  a  body  in  motion 
tends  to  produce  an  ellect.  whether  the  effect  be  really  pro- 
duced, or  impeded  by  any  obstacle  which  intervenes. 

EGGS.  The  eggs  of  hens,  and  of  birds  in  general,  are  com- 
posed of  several  distinct  substances.  1.  The  shell,  or  external 
coating,  which  is  composed  of  carbonate  of  lime  "O,  phosphate 
of  lime  -oa,  gelatine  03.  The  remaining  •2:5  are  perhaps  w  ater. 
'i.  A  thin,  white,  and  strong  membrane,  possessing  the  usual 
characters  of  animal  substances.  3.  The  white  of  the  egg,  for 
which  see  ALBl'MiiN.  4.  The  yolk,  vvliicb  consists  of  an  oil, 
united  with  a  portion  of  serous  matter,  sufficient  to  render  it 
diti'usible  in  cold  water,  in  the  form  of  an  emulsion,  and  con- 
crcscible  by  heat.  Yolk  of  egg  is  used  as  the  medium  for 
rendering  resins  and  oils  dillusible  in  water. 

I'leservalion  of  Et/f/sfor  muni/  Years. — Dip  them  in  a  solu- 
tion of  gum  arabic  in  water,  and  imbed  them  in  powdered 
charcoal.  Charcoal  being  a  non-conductor  of  heat,  a  uniform 
temperature  will  be  preserved  when  moved  from  one  climate 
to  another.  The  method  of  preserving  eggs  by  dipping  them 
in  boiling  w  ater,  which  destroys  the  living  principle,  is  too  well 
known  to  need  further  notice. 

EIGHT,  a  number  consisting  of  twice  four.  Eighth,  an 
ordinal  number,  the  next  after  the  seventh. 

EJECTMENT,  in  Law,  is  a  mixed  action,  by  which  a  lessee 
for  years,  when  ousted,  may  recover  his  term  and  damages  ;  it  is 
real  as  to  the  lands,  but  personal  as  to  the  damages. 

EL/EIS,  a  genus  of  plants  belonging  to  the  natural  order  of 
paluKC.  There  is  one  species,  from  the  iruit  of  which,  resem- 
bliiu'  an  olive  in  shape,  the  negroes  extract  lln'  palm  oil. 

EL.VSTIC,  that  power  «  hich  a  body  has  of  returning  to  the 
form  from  which  it  has  been  distorted.  Thus  the  branch  of  a 
tree,  the  blade  of  a  sword,  Sec.  are  said  to  be  elastic,  because 
if  they  are  bent  to  a  certain  degree  and  then  let  go,  they  will 
of  tlicmsehes  return  to  their  original  form.  Hence  Elastic 
Soil'ws  are  such  as  admit  of  having  their  form  altered  by  the 
application  of  a  foice  or  pressure,  on  the  removal  of  which  they 
will  recover  their  original  form  or  figure.  In  this  respect  all 
bodi(\s  which  come  within  our  knowledge,  are  comprehended 
under  one  of  these  three  distinctions.  If  two  bodies,  when 
pressed  together,  suffer  an  alteration  in  their  form,  and  if  after- 
wards, on  removing  that  pressure,  they  recover  their  original 
figures,  Ihey  arc  caUed  eliislic.  If,  when  pressed,  their  forms  are 
not  in  the  least  aJlered,  they  arc  called  lianl.  And  if,  v\  hen 
being  pressed  as  above,  they  alter  their  forms,  and  retain  the 
same  after  the  pressure  is  discontinued,  they  are  called  so/'t. 
And  both  these  last  kind  of  bodies  arc^  termed  non-elastic.  We 
knew,  however,  of  no  bodies  that  are  prif'cctli/  haril,  soft,  or 
elastic,  but  all  partake  of  these  properties  in  a  greater  or  less 
degree.  Water  was  for  a  long  time  supposed  to  be  incom- 
pressible, and  perlcctly  non-clastic,  but  experiment  shews,  that 
this  supposition  was  erioneous;  and  air,  which  is  the  most 
elastic  lluid  we  know  of,  is  now  known  not  to  possess  this  pro- 
perty in  a  perfect  degree. 


The  principal  Phenomena  observable  in  Elastic  Bodies. — 1.  A 
perfectly  elastic  body  has  a  tendency  to  restore  itself  with  the 
same  force  with  which  it  is  pressed  or  bent.  2.  An  elastic 
body  exerts  its  force  equally  on  all  sides,  but  the  eliect  is  found 
piinci)ia!ly  where  there  is  the  least  resistance.  3.  Eiasticbodies, 
in  vvhalever  manner  they  are  struck  or  bent,  are  rcllccted,  and 
rebound  with  the  same  force  in  an  opposite  direction  ;  thus  an 
elastic  body  will  rebound  from  the  plane  on  which  it  impinges, 
with  tlie  same  velocity  with  which  it  meets  it,  and  so  as  to 
make  the  angle  of  relleetion  equal  to  the  angle  of  incidence. 
4.  A  perfectly  ffuid  body  (being  defined,  that  which  cannot  be 
compressed,)  cannot  be  elastic.  5.  A  perfectly  solid  body 
cannot  be  elastic.  6.  The  elasticity  of  most  bodies,  particu- 
larly of  long  and  slender  forms,  may  be  easily  shewn,  and  even 
in  very  hard  and  compact  bodies  their  elasticity  may  be  mani- 
fested in  various  ways;  thus,  for  instance,  let  a  marble  slab, 
or  a  Hat  and  smooth  iron,  be  covered  with  hi  ick  lead,  or  with 
printing  ink  ;  then  drop  an  ivory  ball  upon  it  from  dillerent 
heights,  and  the  degree  of  compression  on  it  will  be  indicated 
by  the  magnitude  of  the  spot  which  will  be  found  upon  the 
ivory  ball. 

Ensric  Curve,  is  the  name  that  James  Bernoulli  gave  to  the 
curve  which  is  formed  by  an  elastic  blade,  fixed  horizontally 
by  one  of  its  extremities  in  a  vertical  plane,  and  loaded  at  the 
other  extremity  with  a  weight,  which  by  its  gravity  bends  the 
blade  into  a  rurve,  the  determination  of  which  involves  inves- 
tigations of  the  most  intricate  order.  This  curve  is  the  same 
which  a  perfectly  flexible  right  line  would  form  itself  into  when 
supported  at  ils  two  extremities,  and  loaded  with  an  uniform 
lluid  which  fills  the  whole  cavity  of  the  curve,  and  is  therefore 
not  the  same  as  the  catenary,  though  frequently  confounded 
with  that  curve. 

Elastic  Fluitis,  are  those  which  are  possessed  of  an  elastic 
property,  as  air,  steam,  &c. 

Elastic  Gum.  the  same  as  caoutchouc,  or  Indian  rubber. 

ELASTICITY,  is  that  property  of  bodies  by  which  they 
restore  themselves  to  their  original  figure  after  compression. 
Various  hypotheses  have  been  advanced  by  philosophers  to 
account  for  this  important  property,  some  attributing  it  to  one 
cause,  and  some  to  another  ;  it  is,  however,  now  more  generally 
supposed  to  arise  from  the  presence  of  caloric,  and  the  attrac- 
tive and  repulsive  powers  that  have  place  between  the  minute 
particles  wliich  constitute  a  body,  whetlier  it  be  a  solid  or  lluid. 

ELATINE.  A  vegetable  prin<:iple  lately  discovered  in  the 
juice  of  the  seeds  of  the  momordica  elaterium,  or  cucumber. 
It  is  most  violently  purgative. 

ELBOW  in  the  Hause,  is  wlien  a  ship,  being  moored  in  a 
tideway,  swings  twice  the  wrong  way,  thereby  causing  the 
cables  to  take  half  a  round  turn  on  each  other. 

ELDF.RS,  among  the  Jews,  persons  of  great  age,  experience, 
and  wisdom.  Elders,  in  the  Presbyterian  discipline,  are  ollieers 
who,  with  the  ministers  and  deacons,  compose  the  sessions  of 
the  kirk.  The  elders'  business  is  to  assist  the  minister  in 
visiting  the  congregation  upon  occasion,  to  watch  over  the 
morals  of  the  people  of  his  dislrii:t,  and  to  give  them  jirivate 
reproof  in  case  of  any  disorder;  but  if  the  scandal  be  gross,  or 
the  person  obstinate,  he  lays  the  thing  before  the  session. 
Elders  are  chosen  from  among  the  most  subslauti  d.  knowing, 
and  regular  people,  by  the  session  or  consistory  of  the  kirk. 
There  is  a  ruling  elder  in  every  session :  he  should  be  a  man  of 
spotless  character,  and  of  principal  consideration  and  interest 
in  his  parish  :  he  is  chosen  out  of  the  kirk  session  :  the  congro- 
gation  is  to  approve  of  the  choice:  the  minister  ordains  him 
before  the  congregation  :  e  may  be  chosen  to  assist  in  any 
church  judicatory,  and  in  all  manner  of  government  and  disci- 
pline, for  he  has  an  equal  vote  with  the  remainder. 

ELECTION,  in  Numbers,  is  the  dillerent  ways  of  taking  any 
number  of  quantities  given  ;  in  combination  thus,  the  quantities 
a  b  c  may  be  taken  dillerent  wa\  s,  as  n  h  c,  or  a  b,  a  c.  and  n.  h,  c. 

ELECTI\  E  Atthaction.  The  principle  of  all  chemical 
operations,  which  enables  us  to  decompose  certain  bodies,  anri 
to  compound  others,  is,  that  every  substance  has  a  certain 
peculiar  allinitv  for  other  substances,  but  not  in  an  equal  degree. 
Chemical  affinity  observes  certain  laws,  which  are  called  the 
laws  of  affinitfi,  and  which  are  as  follow: — (Miemical  alfiuily 
exerts  its  action  between  a  number  of  bodies,  simple  or  com 
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pound,  and  unites  tlieni  clicniioally  into  one  wI)oIe.  Soda  will 
combine  with  sulphuric  acid,  forming  a  dillerent  suhstanue 
from  cilluT  ;  viz.  suipliale  of  soda.  The  piivvtr  of  ('hcniical 
airinitv  is  in  an  inverse  ralio  to  that  of  corpuscular  atlraciion. 
The  asioiK^y  of  the  allinity  of  composition,  or  chemical  allinity, 
is  either  assisted  or  rct;irded  by  dillerent  deirrces  of  tempera- 
ture. Chemical  allinity  is  accompanied  by  a  chrin^fe  of  tempe- 
rature, as  in  tlie  mixture  of  sulphuric  acid  with  water.  The 
agency  of  chemical  allinity  between  two  or  more  bodies,  may 
be  doiinaiit  until  il  be  called  into  action  by  tlie  interposition  of 
anotlier.  which  frequently  exerts  no  ener'iy  upon  either  of  them 
in  a  separate  state.  Metals  are  nut  alfecled  by  acids  until 
water  be  present.  The  de^rree  of  energy  in  chemical  allinity 
actinsc  between  various  bodies,  is  dillerent  in  dillerent  sub- 
stances. Nitric  acid  has  more  affinity  for  potash  than  lor  iron. 
The  aclion  of  chemical  affinity  is  either  limited  or  unlimited  ; 
in  other  wurds,  chemicals  are  capable  of  unitim;  in  dclinite  or 
in  indefinite  proportions.  The  decree  of  chemical  affinity  of 
dilfercnt  bodies,  is  modified  in  proportion  to  the  quantiiies  or 
masses  of  Ihe  substances  emplo\ed. 

ELUCTUICITY,  the  name  of  an  unknown  natural  power 
which  produces  a  srcat  variety  of  peculiar  and  surprisin;;  phe- 
nomena, the  first  of  which  are  supposed  to  have  been  observed 
in  the  miiieral  substance  called  ainhtr,  whence  they  have  been 
denominated  elcctiictil  pJienoincna,  and  the  laws,  hypotheses, 
experiments,  &c  by  which  they  arc  explained  and  illustrated, 
form  tosetber  the  science  of  electricity.  The  electric  property 
of  amber  was  known  to  Thales,  who  lived  about  GIIO  years 
before  our  iera,  though  Theophrastus,  who  ilourisheil  about 
3()0  years  after  Thales,  is  the  first  author  who  makes  any 
distinct  remark  on  this  subject.  Some  other  of  the  ancients 
also  speak  slinhlly  on  (his  head,  but  still  they  confined  its 
action  to  the  two  substances  amber  and  jet,  and  knew  nothing 
farther  of  its  ell'ect  except  its  power  of  attraclini;  liftht  sub- 
stances after  heins  excited  by  friction.  Electricity  may  there- 
fore be  considered  as  a  modern  science  of  no  higher  date  than 
about  the  year  UiOO,  when  (iilbert,  a  native  of  Colchester,  and 
a  physician  iu  London,  published  his  treatise  "  De  Magnete," 
in  which  are  contained  many  considerable  experiments  and 
discoveries.  Boyle,  Otto  Guericke,  Dr.  Wall,  and  some  others, 
made  a  few  in'^enious  experiments;  but  it  was  not  before  the 
year  1709  that  any  impoitant  step  had  been  made  in  this 
science.  In  this  year  Hawksbee  wrote  on  the  subject  of  elec- 
tricity, and  nolice<l  the  great  electrical  power  of  i;lass,  and  the 
lii;ht  proceeding  from  it;  he  also  first  heard  the  noise  attending 
the  excitation,  and  a  variety  of  other  phenomena  relating  to 
electrical  altraetion  and  repulsion  ;  at  the  same  time  he  intro- 
duced a  glass  globe  into  the  electrical  apparatus  ;  aiul  to  this 
he  was  iu<lebled  for  many  of  his  most  important  discoveries. 

After  an  interval  oi'  twenty  years,  Stephen  Grey  established 
a  new  iora  in  the  history  of  electricity.  To  him  we  owe  the 
discovcr\  of  conimnnicating  the  poiver  of  native  electric^--,  to 
other  bodies  in  which  it  cannot  be  excited,  by  supporting  them 
on  silken  lines,  hair  lines,  cakes  of  resin,  or  glass,  and  a  more 
accur:ite  distinction  than  had  hitherto  obtained  between  elec- 
trics and  non-eleetries  :  he  also  shewed  IheelVcet  of  electricity 
on  water,  more  obviously  than  had  been  done  by  Gilbert. 

The  experiments  of  Grey  were  repeated  by  M.  du  Fay,  mem- 
ber of  the  Academy  of  Sciences  at  Paris,  to  which  he  added 
many  new  observations  and  discoveries  of  his  own. 

Dcsagulier  followed  Grey  by  adding  many  experiments  to 
the  sci<'ncc.  lint  the  most  reniarkahle  discovery  that  bad  yet 
been  made  in  this  science,  was  in  the  end  of  the  year  17  f),  and 
be;;iniiing  of  1710.  This  was  the  method  of  giving  the  electric 
shock,  or  the  aecnmulalion  of  the  power  of  electricity  in  a  vial. 
This  lia<l  its  name  of  the  Leyden  Vial,  Irom  Cunjcus,  a  native 
of  Leyden,  who  exhibited  it  as  he  was  repeating  some  experi- 
ments ma(I(!  b\  Messrs.  Musehenbioek  and  Allamaud,  profes- 
sors in  the  university  of  that  city.  It  is  said  he  was  not,  how- 
ever, the  inventor.  The  nu-rit  of  tliis  discovery  (if  any  merit 
can  be  ascribed  to  a  discovery  made  by  aeeidcnt)  belongs  to 
Mr.  Van  Kleist,  ilcan  of  Ihe  eatheilral  at  t'aniin.  Soon  alter 
this,  however,  a  method  of  giving  Ihe  shock  was  discovered  in 
Holland,  bj  Cuna'us  ;  and  the  discovery  of  this  powciful  eliect 
of  the  electric  fiuid  inunedi.ilily  raised  the  allenliou  of  all  the 
philosophers  in   Europe.     Electricity  rose   to  that  (;elehrity  it 


lias  now  attained,  by  the  united  labours  of  successive  indivi- 
duals, among  whom  Cavendish,  Priestley,  and  Franklin,  are 
illustrious. 

Electhical  Machine,  denotes  (he  principal  part  of  the  elec- 
tric apparatus,  so  constructed  as  to  be  capable  of  exciting  a 
great  quantity  of  the  electric  fluid,  and  exhibiting  its  cll'ects  in 
a  very  sensible  manner.  A  great  variety  of  fornis  have  been 
given  to  electrical  machines,  either  for  the  sake  of  convenience, 
or  in  order  to  render  their  cfleets  more  powerful;  we  shall, 
however,  only  explain  one  of  the  most  simple  fornis.  as  con- 
structed by  the  late  Mr.  Adams,  which  is  represented  in  the 
following    figure,   and    may   be   described   as   follows: — The 

cylinder  FG  HI,  is 
supported  by  t«o 
strong  perpendicu- 
lar  pieces  D  E.  The 
axis  of  one  cap  of 
the  cylinder  moves 
in  a  snirill  hole,  at 
the  upper  part  of 
oneof  the  support.', 
and  the  opposite 
axis  passes  through 
the  upper  part  of 
Ihe  olhi  r  support. 
To  this  end  the 
handle  or  winch  is 
fitted,  and  Ihe  cush- 
ion is  supported 
and  insulated  by  a 
glass  pillar,  the 
lower  part  of  which 
is  fitted  into  a 
wooden  socket,  to  which  a  regulating  screw  is  adapted,  to 
increase  or  diminish  ihe  pressure  of  the  cushion  against  the 
cylinder.  A  piece  of  silk  comes  from  the  under  edge  of  the 
cushion,  and  lies  on  the  cvlindcr,  passing  between  it  and  Ihe 
cushion,  and  proeec<ling  till  it  nearly  meets  the  eolleeling  points 
of  the  conductor.  The  more  itrongly  this  conductor  is  made 
to  adhere  to  the  cylinder,  the  stronger  is  the  degree  of  excita- 
tion. Before  the  cylinder,  or  opposite  to  the  cushion,  is  a 
metallic  tube  Y  Z,  supported  by  a  glass  pillar  L  M.  This  is 
sometimes  called  the  prime  conductor,  often  only  the  conduc- 
tor ;  and  for  the  more  conveniently  Irving  experiments  on  the 
two  powers,  and  exhibiting  the  dillerent  slates  of  the  cushion 
and  conductor,  there  are  two  wires  to  be  fixed  occasionally, 
the  one  to  the  conductor,  the  other  to  the  cushion;  on  the 
upper  part  of  these  are  balls  furnished  with  sliding  wires,  that 
they  may  be  set  apart  from  each  other  at  dillerent  distances. 
The  annexed  figure  represents  another  view  of  the  Elertrieal 
Plate  Maehine,  the  construction  of  which  will  be  readily  com- 
prehended by  the  different  letters  which  are  referred  to  the 
same  parts  in  both  views. 

Before  the  electrical  maehine  is 
put  in  motion,  examine  those  parts 
wbieh  arc  liable  to  wear,  either  from 
the  friction  of  one  surface  against 
another,  or  to  be  injured  by  Ihe  dirt 
that  may  insinuate  itself  between 
the  rnhbing  surfaces.  If  any  grat- 
ing or  <li.sagi<eable  noise  is  heard, 
the  place  whence  il  proceeds  must 
be  wiped  clean,  and  rubbed  over 
with  a  small  qiiantily  of  tallow  ;  a 
little  of  which  shouNJ  also  he  occa- 
sionally applied  to  ihe  axis  of  Ihe 
cylinder  itself  If  the  screws  by 
which  the  frame  is  fixed  are  loose, 
they  should  be  tighlcned.  Having 
examined  the  dillerent  parts  of  the 
roachine.  and  put  them  in  order,  the 
glass  cylinder,  and  the  pilhrs  which 
support  the  cushion  and  <  oiiduclor, 
should  be  well  wiped  with  a  dry  silk  handkerchief,  to  free 
them  from  the  moisture  which  glass  attracts  from  Ihe  air, 
being   particularly    attentive    to    leave    no    moisture   on    Ihe 
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ends  of  the  cylinder,  as  any  damp  on  these  parts  carries  off 
the  electric  lluid,  and  weakens  the  force  of  the  machine  ;  in 
very  damp  weather  it  will  be  proper  to  dry  the  whole  machine, 
by  placing  it  at  some  little  distance  from  the  fire.  Care  should 
be  taken  that  no  dust,  loose  threads,  or  filaments,  adhere  to  the 
cylinder,  its  frame,  the  conductors,  or  their  insnIalinK  pillars; 
because  these  will  gradually  dissipate  the  electric  lluid,  and 
prevent  the  machine  from  acting  powerfully.  When  you  are 
satisfied  of  this,  rub  the  glass  cylinder  first  with  a  clean,  coarse, 
dry,  warm  cloth,  or  a  piece  of  wash  leather,  and  then  with  a 
piece  of  dry,  warm,  soft  silk  ;  do  the  same  to  all  the  glass 
insulating  pillars  of  the  machine  and  apparatus  ;  these  pillars 
must  be  rubbed  more  lightly  than  the  cylinder,  because,  being 
varnished,  they  may  be  damaged  by  too  much  friction. 

We  come  now  to  consider  electrics  and  conductors,  which  may 
be  disposed  according  to  the  order  of  their  perfection,  beginning 
in  each  column  with  the  most  perfect  of  their  class.  Thus, 
ylass  is  a  more  perfect  electric  than  amber,  and  gold  is  a  better 
conductor  than  siher. 


Electrics. 

Glass  of  all  kinds. 

All  precious  stones,  the  most 
transparent  the  best. 

Amber.      Sulphur. 

All  resinous  substances. 

Wax,  silk,  and  cotton. 

Dry  externa!  animal  substan- 
ces, as  feathers,  wool,  &  hair. 

Paper.     Loaf  sugar. 

Air,  when  dry. 

Oils  and  metallic  oxides. 

Ashes  of  animal  and  vegetable 
substances. 

Most  hard  stones. 


Conductors. 
All  the  metals  in  the  following 

order : 
Gold,  silver,  platina,  brass 
Iron,  tin,  quicksilver,  lead, 
The  semi  metals. 
Metallic  ores. 
Charcoal. 

The  fluids  of  the  animal  body. 
Water,   especially  salt  water, 

and  other  lluids,  except  oil. 
Ice,  snow. 

Most  saline  substances. 
Smoke,     steam,   and   even  a 

vacuum. 


Professor  Lapostollc,  of  Amiens,  has  discovered  that  straw 
possesses  the  quality  of  serving  as  a  conductor  to  lightning 
and  hail.  Kepeated  experiments  have  convinced  him,  that 
straws  united  together  serve  equally  well  as  the  iron  rods  now 
fixed  upon  buildings  for  the  former  purpose,  at  the  same  time 
that  they  arc  not  attended  with  similar  inconvenience.  In 
consequence  of  this  discovery,  the  common  buildings  may  be 
secured  from  the  eficcts  of  lightning  in  the  most  economical 
manner  ;  and  even  crops  on  the  land  may  be  protected  from 
the  ravages  which  they  sometimes  sull'er  from  hail. 

It  may  be  proper  in  some  cases  to  place  a  hot  iron  on  the 
foot  of  the  conductor,  in  order  to  evaporate  the  moisture  which 
would  otherwise  injure  the  experiments.  It  may  also  be 
observed,  that,  I.  To  excite  the  machine,  it  is  requisite  to  clean 
the  cjlinder,  and  wipe  the  silk.  2.  Grease  the  cjlinder,  by 
turning  it  against  a  greasy  leather,  till  it  is  uMformly  obscured. 
The  tallow  of  a  candle  will  answer  this  purpose.  3.  Turn  the 
cylinder  till  the  silk  Hap  has  wiped  oft"  so  much  of  the  grease  as 
to  render  it  semi-transparent.  4.  Spread  some  amalgam  on  a 
piece  of  leather,  and  apply  this  against  the  turning  cylinder. 
By  this  means  the  friction  Viill  immediately  increase,  and  the 
leather  must  not  be  removed  till  it  seems  to  have  attained  its 
maximum  ;  then  discontinue  the  application  of  it,  and  the 
elfect  of  the  macliine  will  be  found  very  powerful.  The  best 
kind  of  amalgam  is  made  of  zinc  and  quicksilver.  If  a  little  of 
the  latter  be  added  to  melted  zinc  it  renders  it  easily  pulverizable, 
and  more  quicksilver  must  be  added  to  the  powder  if  very  soft 
amalgam  is  rccjuired. 

The  following  statement  seems  to  comprise  the  general 
principles  on  w  hich  this  wonderful  fiuid  is  known  to  act  : — 
The  electric  fluid  is  probably  the  same  in  essence  with  that  of 
light  and  heat,  but  combined  with  a  subslance  which  all'ects  the 
organs  of  smell.  When  bodies  are  electrified  by  glass,  they 
furnish  tufts  or  pencils  of  light;  but  if  ele<-tiifie(i  by  sulphur, 
they  only  produce  points  or  sparks  of  li;;ht;  bodies  presented 
to  those  electrified  by  glass  produce  only  luminous  sparks  ; 
while  those  which  are  presented  to  liodies  which  are  electrified 
by  sulphur,  present  beautiful  pencils  or  lufls  of  light. 

Bodies  are  electrified  either  hy  friction  or  comiminicution.  To 
electrify  bodies  by  communication,  it  is  necessary  to  insuiatc 
Ihem  ;  and  the  substances  most  pioper  for  insulating  others, 
are  those  which   electrify  best  by  friction.      Glass   electrifies 


both  by  friction  and  communication,  and  the  energy  of  the  fluid 
is  augmented  in  the  conductors  by  an  increase  of  surface. 
The  pencils  or  tufts  of  light,  seen  at  the  extremities  of  clectri- 
lied  bodies,  are  composed  of  divergent  rays  when  they  pass 
through  the  air,  but  to  pass  a  permeable  conducting  body,  they 
sometimes  become  convergent. 

Animal  Electricity . — Some  fishes  have  the  property  of  giving 
shocks  analogous  to  those  of  artificial  electricity  ;  namely,  the 
torpedo,  the  ffi/mnotus  electricus,  and  the  silurus  electricus.  If 
the  torpedo,  whilst  standing  in  water,  or  out  of  water,  but  not 
insulated,  be  touched  with  one  hand,  it  generally  communi- 
cates a  trembling  motion  or  slight  shock  to  the  hand.  If  the 
torpedo  be  touched  with  both  hands  at  the  same  time,  one 
hand  being  applied  to  its  under  and  the  other  to  its  upper  sur- 
face, a  shock  will  be  received  exactly  like  that  occasioned  by 
the  Leyden  phial.  The  shock  given  by  the  torpedo  when  in 
air,  is  about  four  times  as  strong  as  when  in  water  ;  and  when 
the  animal  is  touched  on  both  surfaces  by  the  same  hand,  the 
thumb  being  applied  to  one  surface,  and  the  middle  finger  to 
the  opposite,  the  shock  is  felt  much  stronger  than  when  the 
circuit  is  formed  by  both  hands.  The  gymnotus  electricus,  or 
electrical  eel,  possesses  all  the  electric  properties  of  the  tor- 
pedo, but  in  a  superior  degree.  When  small  fish  are  put  into 
the  water  wherein  the  gymnotus  is  kept,  they  are  generally 
stunned  or  killed  by  the  shock,  and  then  they  are  swallowed,  if 
the  animal  be  hungry.  The  strongest  shock  of  the  gymnotus 
will  pass  a  very  short  interruption  of  continuity  in  the  circuit. 
When  the  interruption  is  formed  by  the  incision  made  by  a 
penknife  on  a  slip  of  tinfoil  that  is  pasted  on  glass,  and  that 
slip  is  put  into  the  circuit,  the  shock,  in  passing  throngh  that 
interruption,  will  shew  a  small  but  vivid  spark,  plainly  to  be 
seen  in  a  dark  room.  The  gymnotus  seems  also  to  be 
possessed  of  a  sort  of  new  sense,  by  which  he  knows  whether 
the  bodies  presented  to  him  are  conductors  or  not.  This  fact 
has  been  ascertained  by  a  great  number  of  experiments. 

Electrical  Instruments  and  Apparatus. — The  experiments  in 
electricity  are  so  various,  that  the  apparatus  used  may  be 
increased  almost  agreeably  to  every  man's  fancy  ;  and  in 
general,  he  who  wishes  to  make  new  experiments,  will  find  it 
necessary  to  make  an  addition  suitable  to  the  object  of  his 
inquiry.  It  will  be,  therefore,  most  consistent  with  the  design 
of  this  work,  to  describe  oidy  those  pans  of  the  apparatus 
which  are  most  essential  to  the  performance  of  popular  expe- 
riments. The  instruments  commonly  employed  in  this  branch 
of  science  may  be  classed  under  six  heads  : — 1st.  The  instru- 
ments used  for  excitiny  electricity,  viz.  glass  tubes,  plates,  and 
cylinders  ;  2nd.  Those  for  conductiny  the  electric  matter,  which 
are  chiefly  MKTALS  ;  3rd.  Those  intended  for  accumulating  the 
fiuid,  or,  in  technical  language,  for  receiving  a  charge,  such  as 
coated  bottles  or  jars,  commonly  called  leyden  phials;  Ith. 
Those  which  are  intended  to  produce  mure  formidable  effects, 
such  as  ELiXTRic  BATTi  RiES  ;  5lh.  The  instruments  employed 
ior  ascertaininy  the  quantitij  of  electricity,  called  electkometeks; 
and  lastly,  those  employed  for  rctaininy  the  electric  power. 

The  discharging  rod  needs  no  explanation:  it  is  shewn  in 
the  figure,  R,  as  applied  to  a  Leyden  Phiiil,  A  D.  This  jar 
is  coated  with  tinfoil  on  the  inside  and  outside,  within  about 
three  inches  of  the  top  of  its  cylindrical  part,  and  having  a 
wire  with  a  round  brass  knob,  or  ball.  A,  at 
its  extremity.  This  wire  passes  through  the 
cork,  or  wooden  stopper,  L) ;  at  its  lowest  ex- 
tremity is  a  piece  of  chain  that  touches  the 
inside  coating  in  several  parts.  To  charge 
this  jar,  a  connnunication  is  made  between  the 
electrical  machiiie  and  the  brass  knob  A, 
while  the  outside  of  the  jar  connnunicafes  with 
the  earth  by  the  table  or  the  hand.  Bring  the 
knob  A  of  the  jar  near  the  prime  conductor,  and  after  a  few 
turns  of  the  machine  the  jar  w  ill  be  charged  ;  that  is,  the  inside 
of  the  jar  will  be  positively,  and  the  outside  negatively,  electri- 
fied ;  or  if  the  inside  is  negatively,  the  outside  will  be  posi- 
tively, electrified.  1{  is  a  discharging  rod,  uliich  is  used  to 
convey  the  superabundant  electricity  from  one  side  to  the  other, 
where  there  is  less  than  the  natural  share.  The  discharging 
rod  consi.sts  of  two  brass  knobs,  aa,  attncheil  to  wires,  which 
move  round  a  joint  x,  fixed  to  a  glass  handle  K.     The  operalojr 
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lioUiS  tlie  discharging;  rod  l)y  Uic  gliiss  handle  R,  and  applies 
the  hrass  knohs  lo  ihe  l):ill  and  jar,  as  shewn  in  the  fifrnre, 
when  an  explosion  takes  place  proportional  to  the  quantity  of 
eleiMririty  it  liad  received.  IT  any  number  of  pi-rsons  join 
hands,  and  one  holds  a  chain  that  is  in  coinninniealion  with  the 
jar,  while  the  last  of  the  company  touches  the  jar,  a  shock  will 
be  received. 

Of  the  Electric  Spark. — The  spark  that  shines  between  the 
two  bodies  is  capable  of  setting  combustible  matters  on  fire.  If 
a  body,  eonlainiiiK  only  its  natural  share  of  electricity,  be 
presented  sulliciently  near  to  a  body  electrified,  jwsitivelij  or 
negaliielij,  a  quantity  of  electricity  will  force  itself  throuffh  the 
air,  froni  the  latter  to  the  former,  appearing  in  the  form  of  a 
spark.  Wlreu  two  bodies  approach  each  other  sulheiently 
near,  one  of  which  is  electrified  positivili/,  and  the  other  7tei/a- 
livclj/,  the  superabundant  electricity  rirshcs  violently  from  one 
to  the  other,  to  restore  the  e(|uilibrium  between  them.  This 
ell'ect  takes  place  if  the  two  bodies  be  conireetcd  by  a  ron- 
(luclino;  substance.  The  electric  spark  has  not  orrly  the  appear- 
ance of  fire,  but  Is  capable  of  actually  seltins  fire  to  various 
substances  that  are  easily  inflamed.  The  sense  of  feeling, 
-seeiirf^,  and  heaiinjt,  are  not  oirly  allected  by  electricity,  but  it 
is  even  sensible  to  the  smell  and  the  taste.  The  electric  spark 
goes  to  a  Rrealer  or  less  distance  tlirough  the  air,  in  order  to 
reach  a  conductor,  aecordinfc  as  its  quantity  is  greater  or  less  ; 
as  the  parts  from  which  it  proceeds,  and  on  which  it  strikes, 
are  sharper  or  more  blunt,  and  as  the  conductor  is  more  or 
less  perfect.  The  strength  of  the  machine  is  known  from  the 
length  and  density  of  the  .sparks  it  gives. 

That  the  charge  of  a  coated  jar  resides  in  the  glass,  and  not 
in  the  coating,  is  proved  in  the  following  manner  : — Set  a  plate 
of  glass  between  two  metallic  plates,  about  two  inches  in 
diairrcler,  smaller  than  the  plate  of  glass;  charge  the  glass,  and 
then  remove  the  upper  nretallic  plate  ;  by  an  irrsrrlated  handle, 
take  up  the  glass  plate,  and  place  it  between  two  other  plates 
of  mi-tal  whi(-h  have  not  been  electrified,  but  insulated  —  the 
plate  of  glass  thus  coated  afresh  will  still  remain  clvtrged. 

The  h'lcclricnl  Hells  consist  of 
three  small  bells  suspended  from 
a  narrow  plate  of  nritiil,  tin;  two 
outermost  by  chains,  and  that  in 
the  middle  (from  which  a  chain, 
S  R,  passes  lo  the  fioor)  by  a 
silken  string.  Two  small  knohs 
of  brass  arc  also  hung  by  silken 
strings,  on  each  side  of  the  bell, 
which  serve  as  clappers.  If  an 
apparatus  of  this  kind  is  joined 
1"  orre  of  those  conducting  rods  erected  to  protect  buildings 
from  the  elfcct  of  lightning,  it  will  serve  to  give  notice  of  the 
approach  and  passage  of  an  electrical  cloud. 

V'/ie  Electrical  Batterij  has  been  described;  see  Battf.rv. 

The  instruments  for  ascertaining  the  presence  and  the  quan- 
tity of  electricity  in  diHerent  bodies  arc  various,  but  the  sim- 
plest of  all  are  little  halls  of  cork,  or  rather  of  the  pith  of  elder, 
which  is  still  lighter,  and  suspended  by  silk  threads.  When 
brought  into  contact  witli  an  electrified  body,  the  lialls  will 
immediately  iliverge,  and,  according  to  the  degree  of  diver- 
gence, a  judgment  may  he  formed  of  the  degree  to  which  the 
body  in  questiorr  is  electrilied.  A  similar  elicit  will  be  pro- 
duced by' a  light  and  downy  feather.  The  pith  balls  are  called 
Vanton's  electromeler. 

For  more  particular  admeasurement,  that  is,  for 
ascertaining  precisely  the  degree  to  which  any 
body  is  elcctritied,  an  instrirment  sorrrewhat  less 
.simple  is  required,  and  the  quadrant  electrometer, 
as  in  the  figirre,  is  in  most  general  use.  It  con- 
sists of  a  pcrpemlicular  stem  formed  at  the  top  like  a 
l)all,  iind  furnished  at  its  lower  end  with  a  brnss 
ferule  and  pin,  by  which  it  may  be  lixed  in  a  hole 
mad.'  in  the  conductor  of  the  electrical  machine  or 
of  a  l.ciitlen  jar.  To  the  upper  part  of  the  stem  a 
graduated  ivory  semicircle  is  fixed,  about  the 
middle  of  which  is  a  brass  arm  or  (^ock,  to  sup- 
port the  axis  of  the  index.  The  index  is  a  very 
slender  stick,  which  reaches  from  the  centre  of  the  graduated 
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arch  to  the  brass  ferule,  and  to  its  lower  extremity  is  fastened 
a  small  pith  ball,  iricely  turned  in  a  lathe.  When  this  elec- 
trometer is  in  a  perpendicular  position,  and  irot  electrilied,  the 
index  hangs  parallel  to  the  pillar;  hut  vUicn  it  is  elc'clrificd, 
the  index  recedes  more  or  less,  according  to  the  quantity  of 
electricity.  Lane's  discharging  electrometer,  as  it  is  commonly 
called,  is  employed  chielly  by  the  practitioners  of  medical 
electricity. 

Medical  Elcctricili/. — In  judging  of  cases  proper  to  he  elec- 
trified, experience  shews,  that  in  general,  all  kinds  of  obstruc- 
tions, whether  of  motion,  of  circulation,  or  of  secretion,  are 
very  often  removed  or  alleviated  by  electricity.  The  same 
also  nray  be  said  of  nervous  disorders;  both  which  inclirde  a 
great  variety  of  diseases.  The  application  of  electricity  has  also 
been  foitnd  a  powerful  remedy  in  muscular  coijtractions.  IJut 
when  any  limb  is  deprived  of  motion,  it  rnrrst  be  observed,  that 
the  deprivation  has  not  always  originatrd  in  a  contraction  of 
the  muscles,  but  that  it  is  often  occasioned  by  relaxation  ; 
thus,  for  instance,  if  the  hand  be  bent  inwardly,  the  patient 
has  rro  power  of  straightcnirrg  it;  the  cause  of  it  may  be  a 
weakness  of  the  outward  musiOes,  as  well  as  a  contraction  of 
the  inward  ones.  In  such  cases,  it  is  dllliciill,  even  for  ana- 
tomists, to  discover  the  real  cause;  but  the  surest  method  is  lo 
electrify  not  only  those  irriiscles  which  are  supposed  to  be  con- 
tracted, hut  also  their  aniagorrists  ;  for,  to  electrify  a  sound 
muscle  is  by  no  means  hurtful.  Rheumatic  disorders  of  long 
standiirg  are  relieve<l,  and  frequently  cured,  by  only  drawing 
the  electric  lluid  with  a  poirrt  from  the  part,  or  by  drawing 
sparks  from  the  conductor;  the  operation  should  be  continued 
for  aboirt  lour  or  live  minutes,  repeating  it  once  or  twice  every 
day.  When  stroirg  shocks  are  adnrinistered,  their  greatest 
nuntber  slioitld  not  exceed  12  or  II.  except  h  hen  they  are  to 
he  given  to  the  whole  body  in  dilliient  diri'ctions.  The  inslru- 
merrts,  Hlriclr,  besides  the  electrical  rrjachine  and  its  prime  con- 
ductor, are  necessary  for  the  administration  of  medical  elec- 
tricity, nray  be  reduced  to  three,  iir.  an  electric  jar,  with 
Lane's  electrometer;  an  insulated  chair,  or  an  insulated  stool, 
upon  which  a  chair  may  be  oeca'-ionally  set,  atrd  the  directors. 

The  Jdrntity  of  Lir/hlning  and  Electricitij. —  Dr.  Franklin 
proved,  by  a  variety  of  experimerrts,  that  the  lightnirrg  spark 
of  electricity,  and  the  lightning  that  flashes  from  the  clouds  in 
a  thunder  storm,  are  exactly  of  the  same  kind,  and  operate  in 
the  same  maimer,  &,c.  The  particulars  irr  which  lightiriirg  and 
the  electric  fluid  agree,  are,  1.  Flashes  of  lishtrring  arc  gene- 
rally seen  crooked,  and  waviirg  in  the  air.  as  the  electric  spark, 
w  hen  it  is  drawn  from  an  irregular  body  at  sorrre  distance  2. 
Lightning  strikes  the  highest  and  most  iioinled  objects  in  its 
way,  in  prelerciree  to  others;  as  high  hills,  and  tries,  towers, 
spires,  nrasts  of  ships,  points  of  spears,  and  the  like.  In  like 
manner,  all  pointed  conductors  receive  or  throw  oil  the  electric 
llirid  more  readily  than  those  that  are  terminated  by  fiat  snr- 
f.ices.  ;$.  Lightning  is  observed  to  take  the  readiest  and  best 
condrrctor.  So  does  electricity  in  the  discharge  of  the  Leyden 
phial.  For  this  reason  Dr.  Franklin  supposes,  that  it  would 
lie  safer,  during  a  thunder  storm,  to  have  orre's  clothes  wet 
than  dry,  as  the  lightning  might  then,  in  great  measure,  be 
transmitted  to  the  ground,  by  the  water  on  the  outside  of  the 
body.  It  is  found,  he  says,  tlr.it  a  «et  rat  cannot  be  killed  by 
the  explosion  of  the  electrical  bottle,  but  that  a  dry  rat  may. 
•1.  Lightning  causes  combirstioit,  so  does  electricity.  Dr. 
Franklin  says,  that  he  could  kindle  with  it,  hard  dry  resin, 
spirits  unwarmed,  and  even  wood.  5.  Lightning  sonrelimes 
dissolves  metals :  .so  does  electricity.  6.  Lightning  has  often 
been  kirown  to  strike  jicople  blind.  .\nd  a  pigeon,  after  a  vio- 
lent shock  of  electricity,  by  which  the  doctor  intended  to  have 
killed  it,  was  observed  to  have  been  struck  blind.  7.  Light- 
ning destroys  animal  life.  Arrimals  have  likewise  been  killed 
by  the  shock  of  electricity.  The  largest  animals  which  Dr. 
Franklin  and  his  friends  liave  been  able  to  kill,  were  a  Iren, 
and  a  turkey  which  weighed  abnnt  ten  pounds. 

Thunder  is  merely  the  noise  produced  by  the  motion  of 
lightnirrg.  The  reason  why  we  do  not  hear  the  dreadful  noise 
of  the  thunder,  as  soon  as  we  sec  the  lightning,  is,  because 
sound  is  longer  in  arriving  to  our  ears,  than  littlil  lo  our  sight. 
Li::ht  irrovcs  almost  instantaneously.  Sound  moves  no  more 
than  1112  feel  in  a  secoird. 
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T/ie  Thunder  House  Experiment. — The 
elTei'ts  of  the  electric  matter,  when  it 
strikes  a  buildiiif;:,  and  the  method  of  pre- 
venting it,  are  exemplified  by  an  instru- 
ment called  the  thunder  house,  represent- 
ing the  side  of  a  house,  either  furnished 
with  a  metallic  conductor  or  not.  A  is 
a  board  about  three-quarters  of  an  inch 
thick,  and  shaped  like  the  sable  end  of 
a  house.  This  board  is  fixed  perpen-' 
dieularly  upon  the  bottom  board  B,  upon 
which  the  perpendicular  glass  pillar  C 
is  also  fixed,  in  a  hole  about  eisfht  inches 
distant  from  the  basis  of  A.  A  small  hole  I  L  K  M,  about  one- 
fourth  of  an  inch  deep,  and  nearly  one  inch  wide,  is  made  in 
the  board  A,  and  is  filled  by  a  square  piece  of  wood  of  nearly 
the  same  dimensions,  it  being  necessary  that  it  should  fit  the 
hole,  in  order  to  drop  out  by  the  least  shaking  of  the  instru- 
ment. A  wire  I  K,  is  fastened  diagonally  to  this  square  piece 
of  wood.  Another  wire  L  H,  of  the  same  thickness,  having  a 
brass  ball,  H,  screwed  on  its  pointed  extremity,  is  fastened  on 
the  board  A,  so  also  is  the  wire  M  N,  which  is  shaped  in  a 
ring  at  N.  From  the  upper  extremity  of  the  glass  pillar  C,  a 
crooked  wire  proceeds,  having  a  spring  socket  F,  through 
which  a  double-knobbed  wire  slips  perpendicularly,  the  lower 
knob  G  of  which  falls  just  above  the  knob  H.  The  glass  pillar 
C  must  not  be  made  very  fast  in  the  bottom  board,  but  it  must 
be  fixed  so  that  it  may  be  easily  moved  round  its  own  axis,  by 
which  means  the  brass  ball  G  may  be  brought  either  nearer  or 
farther  from  the  ball  H  without  toucliing  the  part  E  F  G.  Now 
when  the  square  piece  of  wood  L  I  M  K  (which  may  represent 
the  shutter  of  a  window  or  the  like)  is  fixed  into  the  hole,  so 
that  the  wire  I  K  stands  in  the  direction  L  M,  then  the  metallic 
communication  from  H  to  N  is  complete,  and  the  instrument 
resembles  a  house  furnished  with  a  proper  conductor;  but  if 
the  square  piece  of  wood  L  I  M  K  is  fixed,  so  that  the  wire  I  K 
stands  in  the  direction  I  K,  as  represented  in  tlic  figure,  then 
the  metallic  conductor  H  N,  from  the  top  of  the  house  to  its 
bottom,  is  interrupted  at  L  N,  in  which  case  the  house  is  not 
properly  secured. 

Fix  tlis  piece  L  I  M  K,  so  that  the  wire  may  be  as  repre- 
sented in  the  figure,  in  wliich  case  the  metallic  conductor  H  N 
is  discontinued.  Let  the  ball  G  be  fixed  perpendicularly  about 
half  an  inch  distance  from  the  ball  H  M,  only  turning  the  glass 
pillar  C,  remove  the  former  ball  from  the  latter;  by  a  wire  or 
chain,  connect  the  wire  E  F  with  the  wire  G  of  the  jar  P,  and 
let  another  wire  or  chain,  fastened  to  the  hook  N,  touch  the 
outside  coating  of  the  jar.  Connect  the  wire  G  with  the  prime 
conductor,  and  charge  the  jar;  then  by  t-irninc  t!ip  glass  pillar 
C,  let  the  ball  G  come  gradually  near  the  ball  H,  and  when 
they  are  arrived  sufficiently  near  one  another,  tlie  jar  will  be 
discharged,  and  the  piece  of  wood  L  I  M  K  will  be  pushed  out 
of  the  hole  to  a  considerable  distance  from  the  thunder  house. 
The  ball  G  in  this  experiment  represents  an  clectiified  cloud, 
vvhicl),  when  it  arrives  sufficiently  near  the  top  of  the  house  A, 
discharges  into  it  the  electric  fluid  ;  and  as  the  house  is  not 
secured  by  a  proper  conductor,  the  explosion  breaks  part  of  it, 
t.  e.  knocks  out  the  piece  of  wood  I  M.  Repeat  the  experi- 
ment ;  but  let  the  piece  of  wood  I  ]\I  be  so  situated,  that  the 
wire  I  K  may  stand  in  the  situation  L  M,  by  which  the  con- 
ductor H  N  will  not  be  discontinued  :  in  this  case  the  explo- 
sion will  have  no  elTect  upon  the  piece  of  wood  L  M,  which 
shews  the  utility  of  metallic  conductors  for  houses. 

Variation  in  this  Experiment. — Unscrew  llie  brass  ball  H 
from  the  wire  H  L,  so  that  it  may  remain  pointed,  and  with 
only  this  difierence  in  tlie  apparatus,  repeat  these  two  experi- 
ments ;  the  piece  of  wood  L  N  will  remain  immoveable,  and 
no  explosion  will  be  heard.  The  conductor  E  F  G  in  this  ex- 
periment is  supposed  to  represent  a  thunder  cloud  discharging 
its  contents  on  a  weathercock,  or  any  other  metallic  substance 
on  the  top  of  a  building;  hence  it  may  be  inferred,  that  if  there 
is  a  metallic  communication  to  coiiduct  the  electric  fiuid  down 
to  the  earth,  the  building  will  receive  no  damage;  but  where 
the  connexion  is  imperfect,  it  will  strike  from  one  part  to  the 
other,  and  thus  endanger  tlie  whole  buikiirig.  Elevated  con- 
ductors applied  to  buildings  to  secure  them  from  lighlning,  will 


in  this  manner  discharge  the  electricity  from  a  cloud  that 
passes  over  them. 

Electrical  Phenomena. — The  various  phenomena  of  electricity 
may  he  divided  into  four  classes,  in  the  first  of  which  may  be 
included  all  those  experiments  which  serve  to  illustrate  elec- 
trical attraction  and  repulsion  ;  in  the  second,  those  produ(-ed 
by  the  stream  of  electricity  ;  in  the  third  class  may  be  ranged 
all  those  phenomena  which  are  accompanied  with  luminous 
appearance;  and,  lastly,  we  may  enumerate  those  more  formi- 
dable cBccts  arising  from  the  concentrated  electricity,  in  the 
experiments  with  the  Leyden  phial  and  the  electrical  battery. 

There  is  a  stone  found  in  many  parts  of  the  world  called 
tourmalin,  which  is  sometimes  crystallized  as  a  nine-sided 
prism,  terminated  by  a  three-sided  and  a  six-sided  pyramid; 
when  this  substance  is  gently  heated,  it  becomes  electrical,  and 
one  extremity,  that  terminated  by  the  six-sided  pyramid,  is 
positive,  the  other  is  negative:  to  a  certain  extent,  its  elec- 
tricities are  exalted  by  increasing  the  temperature  ;  when  it 
begins  to  cool,  it  is  .still  found  electrical;  but  the  electricities 
are  changed,  the  pyramid,  before  positive,  is  now  negative, 
and  vice  versa.  When  the  stone  is  of  considerable  size,  flashes 
of  light  n;ay  be  seen  along  its  surface.  There  are  other  gems 
and  crystallized  substances,  w  hich  possess  a  property  similar  to 
that  of  the  tourmalin.  The  luminous  appearance  of  some  dia- 
monds, when  heated,  probably  depends  upon  their  electrical 
excitation.  The  substance  called  the  boracite,  wliich  is  a  cube, 
having  its  edges  and  angles  defective,  becomes  electrical  by 
heat,  and  in  one  variety  presents  no  less  than  eight  sides,  in 
different  states,  four  positive,  four  negative;  and  the  opposite 
poles  are  in  the  direction  of  the  axes  of  the  crystal. 

ELECTUARY,  in  Pharmacy,  a  form  in  which  both  ofBcial 
and  extemporaneous  medicines  are  frequently  made. 

ELEGIT,  in  Law,  a  writ  of  execution,  which  lies  for  a  per- 
son who  has  recovered  debt  or  damages  ;  or  upon  a  recogni- 
zance in  any  court,  against  a  defendant  that  is  not  able  to 
satisfy  the  same  in  his  goods. 

ELEMENTARY,  any  thing  relating  to  the  principles  or  ele- 
ments of  hodies. 

ELEMENT,  in  Physiology,  a  term  used  by  philosophers, 
to  denote  the  original  component  parts  of  bodies,  or  those  into 
which  they  are  ultimately  resolvable.  It  was  the  opinion  of 
the  ancient  philosophers  that  there  are  only  four  simple  bodies  ; 
namely,  fire,  air,  water,  and  earth.  To  these  they  gave  the 
name  of  elements,  because  they  believed  that  all  substances 
are  composed  of  them.  But  we  now  know  that  these  supposed 
elements  are  compounds  :  fire  is  composed  of  caloric  ami  light ; 
air  of  caloric,  oxygen,  and  azotic  gases  ;  water  of  oxygen  and 
hydrogen  ;  and  the  earth  includes  various  different  substances. 

ELEMENTS  of  thi;  PtwiiTs,  in  Astronomy.  See  Plankt. 

Eli;mi;nts  o/"  6Vo?Hf()v/,  the  title  of  a  celebrated  and  well- 
known  work  of  Euclid.     See  GroMiiTitY. 

Et.EMENTS.  in  the  Higher  Geometry  or  Analysis,  denotes 
indefinitely  small  portions  of  curves,  surfaces,  and  solids. 

Elements,  in  Physics,  the  first  principles,  or  ingredients,  of 
which  bodies  are  composed.  These  are  supposed  to  be  few  in 
number,  unchangeable,  ami  by  their  different  combinations  pro- 
ducing that  extensive  variety  of  c-bjects  which  constitute  the 
works  of  nature. 

Elements  o/'Borfifs,  in  Chemistry.  When  wc  conteinplate 
the  world  that  we  inhabit,  we  discover  a  vast  variety  of  sub- 
stances differing  in  their  properties  of  weight,  colour,  f^c.  from 
each  other.  When  wc  examine  these  more  minutely,  we  dis- 
cover also  that  almost  all  the  bodies  with  which  wc  meet,  are 
of  a  mixed  or  conipound  nature.  When  we  reduce  these  to  the 
principles  of  which  they  are  composed,  we  find  that  the  num- 
ber of  simple  or  unmixed  bodies  is  very  limited,  and  that  all 
the  substances  with  which  we  are  acquainted,  are  formed 
from  a  combination,  in  various  proportions,  of  these  simple 
bodies.  The  elements  of  bodies,  then,  are  those  simple  sub- 
stances, of  Hliieli,  in  various  proportions  or  combinations,  all 
bodies  with  which  we  are  acquainted  arc  composed.  Formerly, 
air,  earth,  lire,  and  water,  were  supposed  to  be  the  elements  of 
which  all  bodies  are  formed.  But  modern  improvements  in 
chemistry  have  shewn  that  this  was  an  erroneous  supposition. 
For  it  is  «ell  known  that  the  air  or  atmosphere  is  a  mixed 
body,  coniposed  of  several  aerial  (luids  or  gases,  so  that  instead 
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of  one  simple  kind  of  air,  it  is  now  known  that  there  are  seve- 
ral sorts  of  air,  essentially  dilferent  from  each  other.  It  is  also 
known,  that  instead  of  one  simple  kind  of  earth,  there  are 
several  kinds,  quite  different.  Water  is  found  not  to  be  a 
simple  body,  but  composed  of  two  different  kinds  of  air  united 
together.  With  the  nature  of  fire  we  are  very  little  acquainted  ; 
but  this  we  can  say,  that  combustible  substances,  either  burn- 
ing or  otherwise,  are  not  simple  substances.  From  the  im- 
provements that  are  continually  making  in  the  methods  of 
analyzing  bodies,  or  separating  them  into  their  component 
principles  or  elements,  many  substances,  once  supposed  to  be 
simple,  are  found  to  be  compounds;  and  as  chemistry  con- 
tinues to  improve,  more  errors  of  this  kind  may  be  corrected, 
and  our  inabiliiy  to  decompose  any  substance,  does  not  prove 
it  to  be  a  simple  body  or  an  element,  but  only,  perhaps,  that 
our  methods  of  analysis  are  not  perfect.  For  the  sake  of  con- 
venience, however,  we  shall  at  present  consider  all  bodies  as 
elements  or  simple  bodies,  that  have  not  been  arnalyzed  or 
separated  into  component  parts. 

Almost  every  body  in  nature  is  susceptible  of  three  several 
states  of  existence  ;  viz.  solid,  liquid,  and  aiiriforni  ;  and  these 
states  of  existence  depend  upon  the  quantity  of  caloric  com- 
bined «itli  the  body.  The  simple  substances  at  present  known 
are  divided  into  three  classes  ;  viz.  imponderable  bodies,  as 
caloric,  and  light.  Supporters  of  combustion,  as  axygen, 
chlorine,  iodine,  and  iluorine.  Combustible  and  incombustible 
substances,  as  carbon,  sulphur,  phosphorus,  hydrogen,  nitro- 
gen, boron,  silicon,  and  the  metals. 

F/LEPHANT,  Elephas,  a  genus  of  the  mammalia  class,  of 
the  order  bruta.  The  generic  character  is,  cutting-teeth  none 
in  either  jaw ;  tusks  in  the  upper  jaw  ;  proboscis  very  Ion?, 
prehensile;  body  nearly  naked.  There  are  two  species,  1.  The 
clephas  maxinius,  the  great  elephant.  2.  The  sukotyro.  The 
teeth,  which  arc  imported  into  Europe,  are  generally  from 
Africa,  where  they  are  frequently  found  in  woods.  The  cle- 
pliant  is  undoubtedly  the  largest  of  all  terrestrial  animals, 
arriving  at  the  height  of  twelve  feel,  though  the  more  general 
height  seems  to  lie  from  nine  to  ten  feet.  Elephants  are  com- 
monly found  in  the  midst  of  shady  woods,  and  they  delight  in 
cool  spots,  near  rivers.  They  arc  capable  of  swimming  with 
great  case.  Their  general  food  consists  of  the  tender  branches 
of  various  trees,  as  well  as  grains  and  fruits.  The  elephant 
brings  usually  one  young  at  a  time  ;  rarely  two  ;  the  young  are 
about  three  fert  high  when  they  are  lirst  born,  and  con- 
tinue growing  till  tliry  are  sixteen  or  twenty  years  old  ;  they 
are  said  to  live  a  hundred  or  a  hundred  and  twenty  years.  The 
sukotyro,  a  native  of  Java,  according  to  Nieuhoff,  who  has 
figured  in  his  travels  to  the  East  Indies,  is  a  quadruped  of  a 
very  singular  shape.  Its  size  is  that  of  a  large  ox  ;  and  the 
snout  like  that  of  a  ling;  the  ears  round  and  rough;  and  the 
tail  tliiok  and  bushy.  The  eyes  are  placed  upright  in  the  head, 
quite  differently  from  those  of  other  quadrupeds.  On  each 
side  the  head,  stand  the  horns,  or  rather  teeth,  not  quite  so 
tliirk  as  those  of  an  elephant.  This  animal  feeds  upon  her- 
bage, and  is  but  seldom  taken. 

ELEVATION,  denotes  the  height  or  altitude  of  any  object. 

Elevation  nf  the  Eijuator,  in  Astronomy,  is  an  arch  of  the 
meridian,  less  than  a  <|uadrant,  intercepted  between  the  equa- 
tor and  the  horizon  of  tlie  place. 

Elevation  (;/'(/»'  Pole,  is  an  arch  of  the  meridian  intercepted 
bilwcen  the  pole  and  the  horizon  of  the  place. 

Elevation  of  a  Star,  is  an  arch  of  a  verti<;al  circle  contained 
belween  a  star  and  the  horizon,  and  in  the  same  manner  is 
esliniatrd  the  elevation  of  any  otlierof  the  heavenly  bodies. 

Elevation  of  a  Piece  of  Onlnance,  in  the  theory  and  practice 
of  projectiles,  is  the  angle  the  axis  of  the  gun  makes  with  the 
liciii'/.on. 

Elevation,  Avi/Ie  of,  in  Gunnery,  that  comprehended  be- 
tween the  horizon  and  the  line  of  direction  of  a  cannon  or  mi)r- 
tar;  or  it  is  that  which  the  chase  of  a  piece,  or  the  axis  of  its 
liollow  cylinder,  makes  with  the  plane  of  the  horizon. 

Elevation,  in  Perspective,  the  representalion  of  the  whole 
body  or  building,  as  in  arcliitecture,  elevation  signifies  the 
whole  or  principal  face  of  a  building. 

ELGEHAH,  the  name  of  the  bright  star  in  the  foot  of  Orion, 
more  commonly  called  Kigel. 


ELIMINATION,  in  Analysis,  that  operation  by  means  of 
which  all  the  unknown  quantities  except  one  are  exterminated 
out  of  an  equation,  whence  the  value  of  that  one  becomes  de- 
t(  rmined,  and  hence  by  substitution  the  value  of  all  the  other 
quantities. 

ELISION,  in  Grammar,  is  the  cutting  ofT  a  vowel  or  syllable 
in  a  word,  as  in  "  th'  attempt,"  «  here  e  is  cut  off,  because  coming 
before  a  vowel. 

ELIXIK,  in  Medicine,  a  compound  tincture,  extracted  frooi 
many  efficacious  ingredients  ;  hence,  the  difference  between  a 
tincture  and  an  elixir  seems  to  be  this:— A  tincture  is  drawn 
from  one  ingredient,  as  the  tincture  of  rhubarb,  or  sometimes 
with  an  addition  of  another,  to  open  it,  and  to  dispose  it  to 
yield  to  the  menstruum  ;  whereas  an  elixir  is  a  tincture  extracted 
from  several  ingredients  at  the  same  time. 

ELK,  an  animal  of  the  deer  kind,  with  the  horns  palmated. 
and  without  a  stem.  It  is  a  native  of  the  northern  parts  of 
Europe,  and  is  a  strong  animal,  equal  in  size  to  a  horse,  but  far 
less  be-autiful. 

ELL,  a  measure  which  obtains,  under  different  denomina- 
tions, in  most  countries,  whereby  cloths,  studs,  linens,  silks, 
&c.  are  usually  measured.  The  ell  English,  is  .'i  qaarters,  or  46 
inches  ;  the  ell  Flemish,  3  quarters,  or  27  inches.  In  Scotland, 
an  ell  contains  37  ^  inches  English. 

ELLIPSE,  is  one  of  the  conic  sections,  tormed  by  the  inter- 
section of  a  plane  and  cone,  when  the  plane  makes  a  lcs.s 
angle  with  the  base  than  that  formed  by  the  base  and  tiie  side 
of  the  cone. 

The  word  is  derived  from  iXXnnjg,  defective,  and  is  thus 
denominated  by  Apollonius,  because  the  s<)uare  of  the  ordi-- 
nate  in  this  figure  is  always  less  than  the  rectangle  of  the 
parameters  and  abscisses. 

There  are  three  ways  in  which  we  may  define  an  ellipse ;  viz. 
1.  As  being  produced  by  the  intersection  of  a  plane  and  cone, 
as  we  find  it  treated  of  by  Apollonius  and  all  the  ancients.  2. 
According  to  its  description  in  piano,  as  it  is  treated  of  bv 
several  of  the  moderns.  And  3.  Ks  being  generated  by  the 
motion  of  a  variable  line  or  ordinate,  along  another  line  or 
directrix,  whereby  the  properties  of  the  curve  are  treated  of  by 
means  of  the  equation  by  which  it  is  defined. 

The  several  lines  and  points  in  and  about  an  ellipse,  as  the 
axis,  diameters,  parameter,  foci.  Sec.  will  be  found  defined  and 
explained  under  the  several  articles  in  this  Dictionary;  and 
we  shall,  therefore,  in  this  place  merely  state  some  of  the  prin- 
cipal properties  of  the  figures,  without,  however,  attempting 
their  demonstration,  as  that  would  extend  this  article  to  too 
great  a  length. 

Properties  of  the  Ellipse. — 1.  The 
squares  of  the  ordinates  of  the  axis, 
are  to  each  other  as  the  rectangle  of 
the  abscisses.     Tlhit  is, 
AF  .  FU  :  GF' :  :  AD  .  DB  :  DE' 
Or  if  one  of  the  ordinates  be  taken 
at  the  centre  as  H  C,  which  thus  be- 
come   the   seniiconjiigate,    then    be- 
cause   AC    .  CIJ  ^  AC,   the  pro- 
portion becomes 
AD  .  DB  :  DE' 


or  by  doubling 
That  is, 


AC 
A 15' 


:  CH' 


HI'   ::  AD  .  DB  :  DE' 

As  the  scjuare  of  the  transverse  axis 
Is  to  the  square  of  the  conjugate, 
So  is  the  rectangle  of  the  abscisses 
To  the  square  of  their  ordinate. 
2.  The  sum  of  two  lines  drawn  from  the  two  foci  to 
point  in  the  curve  is  always  eipial  to  the  transverse  axis. 


any 


That  is,  if  F.  /',  be  the  two  foci, 
and  F  E,/E,  two  lines  drawn  from 
them  to  any  point  E  in  the  curve, 
then  F  E  -f /£  =  A  B.  fig.  1. 

From  this  property  is  derived  the 
common  method  of  describing  the 
curve  mechanically  by  points,  or  by 
a.  thread  thus,  fig.  2: 

In  the  transverse  axis  take  the 
foci   F, /,  and   any   point    I,     'J  hen 
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will  the  radii  A  I,  I  15,  describe,  from 
the  ceutres  F,  /',  two  arcs  intersect- 
ing each  other  in  M,  which  will  be  a 
point  in  the  curve.  In  like  manner 
assume  other  points  I,  and  thus  de- 
termiue  otlicr  points  m,  m,  &c.  Then 
with  a  steady  liand  a  curve-line  may 
be  drawn  throusih  all  llie  points  of 
intersection,  which  will  be  the  ellipse 
required. 

Or,  otherwise,  take  a  thread  of  the  length  A  B  the  transverse 
a'Js,  and  fi.\  its  two  ends  in  the  foci  F,/,  (see  fist-  'J)  Then 
carry  a  pen  or  pencil  P,  round  by  the  thread,  keeping  it  aKva\  s 
stretched,  and  its  point  will  trace  out  the  ellipse,  as  is  evident 
from  the  property  above  stated. 

Other  methods  of  describing  the  ellipse  in  piano  are  given 
in  the  subsequent  part  of  this  article. 

3.  If  a  tangent  be  diuwn  to  any  point  in  an  ellipse,  and  two 
lines  drawn  from  the  two  foci  to  the  point  of  contact,  these 
two  lines  will  form  equal  angles  with  the  tangent. 

That  is,  if  H  T  be  a  tan- 
gent to  the  ellipse  at  G, 
and  the  two  lines  F  G,/G 
from  the  two  foci  be  drawn, 
then  wili  the  angle  T  G  F  = 
Uie  angle  H  G/. 

It  is  this  property  that 
gives  the  name  foci  to  the 
two  points  F,  /",  for  as  opti- 
cians find  that  the  angle  of  incidence  is  equal  to  the  angle  of 
reflection;  it  follows  from  the  above  property,  that  rays  of 
light  issuing  from  the  one  focus,  and  meeting  the  curve  in 
every  point,  will  be  reflected  back  into  the  other  focus,  and 
hence  these  points  are  denominated  /«<■(,  or  hurnini)  points. 

This  property  may  be  otherwise  illustrated  by  considering 
a  billiard  table  in  the  form  of  an  ellipse,  then  a  ball  being 
struck  so  as  to  pass  through  one  focus  in  any  direction,  it  will 
be  reflected  back  again  through  the  other  focus,  then  again 
through  the  first,  and  so  on,  as  long  as  the  ball  continues  in 
tuotion. 

4.  If  there  be  any  number  of  ellipses  described  on  the  same 
transverse  axis,  and  any  ordinate  be  drawn  so  as  to  mevt  all 
those  ellipses,  the  tangimts  to  the  several  ellipses  at  those 
points  will  all  terminate  in  one  common  point  in  the  proloug- 
nient  of  the  transverse  axis. 

Thatis,  if  AHB.  AH'B, 
be  any  two  ellipses,  having 
the  same  transverse  axis ; 
and  D  H  H'  be  any  common 
ordinate,  then  the  two  tan- 
gents HT,  H'T,  will  be 
terminated  in  the  common 
point  T. 

And  as  this  is  necessarily 
true  when  A  H'  B  becomes  a  circle,  we  have  hence  an  easy 
method  of  drawing  a  tangent  to  any  point  in  an  ellipse;  which 
is  as  follows  : 

Let  H  be  the  point  to  which  a  tangent  is  to  be  drawn  ;  draw 
the  right  ordinate  D  H,  and  produce  it  indefinitely  ;  on  A  B 
describe  a  semicircle  meeting  the  ordinate  produced  in  H' ; 
join  11' C,  and  draw  H' T  perpendicular  to  H' C,  meeting  the 
transverse  produced  in  T,  then  T  H  will  be  the  tangent  required. 

5.  The  ordinate  H'T,  in  the  circle,  is  to  the  ordinate  HT  of 
the  ellipse,  as  the  transverse  axis  of  the  ellipse  is  to  its  con- 
jugate axis.  And  if  a  circle  were  described  on  the  conjugate 
axis,  and  an  ordinate  drawn  as  before,  then  the  ordinate  of  the 
circle  would  be  to  the  corresponding  ordinate  in  the  ellipse,  as 
the  conjugate  axis  of  the  ellipse  is  to  its  transverse.  And 
hence  it  follows  that  the  area  of  any  ellipse  is  a  mean  propor- 
tional between  the  area  of  the  circles  described  on  its  two  axes. 

6.  Every  parallelogram  circumscribed  about  an  ellipse,  at 
the  extremities  of  any  pair  of  its  conjugate  diameters,  is  equal 
to  the  rectangle  of  its  two  axes. 

7.  The  sum  of  the  squares  of  any  pair  of  conjugate  diameters 
is  always  equal  to  the  sum  of  the  squares  of  the  two  axes  of 
the  ellipse. 


Fig.  2. 


Fi<j.  3. 


/D 


Dcsiription  of  the  Ellipse  in  /)/nno.— Besides  the  two  methods 
of  describing  an  ellipse,  given  in  proposition  2,  there  are 
several  others,  by  instrumental  operation,  of  sihich  the  follow- 
ing are  the  most  simple  : 

I.  If  two  lulers  F  G,/H,  fig.  1.  each 
equal  in  length  to  the  transverse  axis 
A  B,  have  their  extremities  fixed  in 
the  foci  so  as  to  be  moveable  round 
these  points  ;  and  if  the  other  extre- 
mities of  the  rulers  be  connected  by 
a  third  ruler  II  G,  wiiich  is  equal  in 
lengtli  to  Ff,  the  distance  of  the  two 
foci  so  as  to  be  moveable  about  ths 
two  points  H  and  G  ;  then  if  the  ruler 
H  G  be  moved  round  the  centres  F 
and  f,  the  intersection  of  the  rulers 
F  G,y'H,  in  E  will  describe  the  peri- 
phery of  an  ellipse,  of  which  A  B  is 
the  transverse  axis,  and  F,J',  the 
two  foci. 

•2.  Let  there  be  two  rulers,  A  B, 
H  I,  fig.  2.  set  at  right  angles  to  each 
other,  and  let  a  third  ruler,  D  E  P,  be 
moved  along,  so  that  the  points  D 
and  E  constantly  touch  the  tno  rulers 
A  B,  HI;  so  Hill  the  point  P  de- 
scribe the  periphery  of  an  ellipse. 
On  this  principle  are  constructed 
Elliptic  Compasses,  which  see. 

3.  If  one  end  C,  fig.  3.  of  any  two 
equal  rulers  CD,  1)  P,  which  are 
moveable  about  the  point  D,  like  a 
carpenter's  joint  rule,  be  fastened  to 
the  ruler  A  B,  so  as  to  be  moveable 
about  C  ;  and  if  the  end  P,  of  the 
ruler  D  P,  be  drawn  along  the  side  of 
the  ruler  A  B,  then  any  point  E,  taken 
in  the  side  of  the  ruler  D  P,  will  de- 
scribe an  ellipse  whose  centre  is  C, 
conjugate  axis  ^  2  E  P,  and  trans- 
ver.se  =  2  C  D  —  2  D  E. 
Area  of  an  J?/?//)Sf.— Multiply  the  two  axes  together,  and 
that  product  again  by  •7854,  which  will  be  the  area  required. 

Area  of  an  Elliptic  Seffment. — Find  the  area  of  the  corre- 
sponding circular  segment,  described  on  the  same  axis  to 
which  the  cutting  line  or  base  of  the  segment  is  perpendicolar. 
Then  as  this  axis  is  to  the  other  axis,  so  is  the  circular  seg- 
ment to  that  of  the  ellipse.  Or,  find  the  tabular  circular  seg- 
ment whose  versed  sine  is  equal  to  the  quotient,  of  the  height 
of  the  elliptic  segment  divided  by  its  axes.  Then  multiply 
together  this  segment,  and  the  two  axes  of  the  ellipse,  lor  the 
area  of  the  segment. 

ELLIPSIS,  in  Grammar,  a  figure  in  syntax,  in  which  one  or 
more  words  arc  not  expressed. 

ELLIPTIC.  01- Elliptical,  something  relating  to  an  ellipse. 
Elliptic  Arc,  is  any  part  of  the  periphery  of  an  ellipse. 
Elliptic  Compasses.     See  Compassi-.s. 
Elliptic  Conoid,  the  same  as  spheroid. 

Elliptic  Dial,  an  instrument  usually  made  to  fold   up  for 

the  convenience   of  the   pocket.     By  this  dial   is   found   the 

meridian,  hour  of  the  day,  the  rising  and  seltimr  of  the  sun,  &c. 

Elliptic  Spindle,  is  the  solid  generated  by  the  revolution  of 

any  segment  of  an  ellipse  about  its  chord. 

ELLIPTICITY  of  theTtRRFSTBiAL  Spheroid,  is  the  differ- 
ence between  the  major  and  the  minor  scmiaxes ;  it  is  gene- 
rally expressed  in  terms  of  the  former,  that  is,  of  the  radius  of 
the  equator.  The  quantity  of  the  cllipticity  has  been  variously 
assigned  by  different  niathemalieians  :  Sir  Isaac  Newton,  sup- 
posing  the  earth  of  uniform  density,  gave  i^,  for  the  ellipticity ; 
Boscovich,  from  a  mean  of  several  admeasurements,  slated  it 


at  jjg;  Lalande,  ,![ ;  Laplace,  5),-,;  Scjour, 


Ca  rouge,  ^; 


Kralft,  3!, ;  and  PUiyfair,  from  a  theorem  of  Clairault  applied 
to  the  heterogeneous  spheroid,  states  it  at  ^.  Setting  aside 
those  which  are  deduced  from  the  hypothesis  of  uniform  deru 
sity,  ^  may  be  admitted  as  the  most  probable  value  of  the 
ellipticity. 
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PLOGY,  praise  or  pancg;yric  bestowed  on  any  person  or 
Ihinfi;,  in  consideratioai  of  its  merit.  The  beauty  of  elojty  eon- 
sists  in  brevity.  Euloniuins  should  not  have  so  much  as  one 
epithet  properly  so  called,  nor  two  words  synonymous.  They 
should  strictly  adhere  to  truth  ;  for  extravagant  and  improbable 
elosies  lessen  the  character  of  the  person  they  would  extol. 

ELONGATION",  in  Astronomy,  the  angle  under  which  we 
sec  a  planet  from  the  sun,  when  reduced  to  the  ecliptic,  or  it  is 
the  ang;le  formed  by  two  lines  drawn  from  the  earth  to  the  sun 
and  planet,  when  reduced  as  above.  The  greatest  elonjialion 
is  the  (greatest  distance  to  which  the  planets  recede  from  the 
sun,  which,  however,  only  relates  to  the  inferior  planets 
Mercury  and  Venus  ;  for  it  is  obvious,  that  any  of  the  superior 
planets  may  be  180°  distance  from  the  sun,  or  in  opposition. 
The  greatest  elongation  of  Veims,  accordiu;;  to  our  modern 
tables,  is  from  44°  57'  to  47°  48',  and  that  of  Mercury  from 
17°  36'  10  28°'20'. 

ELOPEMENT,  is.  when  a  married  woman  of  her  own  accord 
departs  from  her  husband,  and  dwells  with  an  adulterer;  for 
which,  without  voluntary  reconciliatiim  to  the  husband,  she 
shall  lose  her  dower.  Except  that  her  husband  willinjcly.  and 
without  coercion  of  the  church,  reconcile  her,  and  sutler  her 
to  dwell  with  him,  in  which  case  she  shall  be  restored  to  her 
action.  By  clopins  and  living  apart  from  the  husband,  he  is 
discharged  of  the  future  debts,  and  no  longer  liable  to  support 
her. 

ELVEL.\,  a  genus  of  plants  belonging  to  the  cryptograraia 
class,  and  the  order  oifumji. 

ELYMUS,  a  genus  of  plants  belonging  to  the  class  triandria, 
and  in  the  natural  method  ranking  under  the  4th  order  i/rnHiinrt. 

EMBALMING,  is  the  opening  of  a  dead  body,  and  lia\ing 
taken  out  the  entrails,  filling  it  with  odoriferous  drugs  and 
spices,  to  prevent  its  putrefying,  and  then  pickling  it  in  a  solu- 
tion of  nitre  for  two  months  and  a  half.  The  body  was  then 
wrapped  up  in  bandages  of  fine  linen  and  gums,  and  magnlfi. 
cently  painted,  and  placed  in  a  collin  or  sarcophagus. 

EMBARGO,  in  Commerce,  an  arrest  on  sliips,  or  merchan- 
dise, by  public  authority  ;  or  a  prohibition  of  state,  commonly 
on  foreign  ships,  in  time  of  war,  to  prevent  their  going  out  of 
port;  somctiines'to  prevent  their  coming  in  ;  and  sometimes 
both  for  a  limited  time. 

EMB.VSS.\DOR,  or  Amuassador,  a  public  nn'nister  sent 
from  one  sovereign  prince,  as  a  representative  of  his  person,  to 
another.     Embassadors  are  either  orilinary  or  extraordinary. 

EMBAYED,  the  situation  of  a  ship  when  she  is  enclosed 
between  two  capes  or  promontories  ;  it  is  particularly  applied 
when  the  wind,  by  blowing  strong  into  any  bay  or  gulf, 
makes  it  extremely  dilhcult,  and  perhaps  impracticable,  for  the 
vessel  thus  enclosed  to  draw  off  from  the  shore,  so  as  to 
weather  the  capes  and  gain  the  oiling. 

EMBER  Wi;i;ks,  or  Days,  in  the  Christian  church,  are  cer- 
tain seasons  of  the  year  set  apart  for  the  imploring  God's 
blessing,  by  prayer  and  fasting,  upon  the  ordinations  performed 
in  the  church  at" such  times.  The  ember  weeks  were  formerly 
observed  in  dillerent  churches  with  some  variety,  but  were  at 
last  settle<l  as  they  arc  now  observed,  by  the  council  at  Plaeen- 
tia,  anno  109.J. 

EMBEKIZA,  a  genus  of  birds  belonging  to  the  order  of 
passeres,  of  w  hich  there  are  24  species,  among  which  the  most 
remarkable  are.  The  nivalis,  or  great  pied  mountain-finch  of 
Ray,  and  the  snow-bird  of  Edwards;  it  has  white  wings,  but 
the  outer  edges  of  the  prime  feathers  are  black;  the  tail  is 
black,  willi  three  white  feathers  on  each  side.  These  birds  are 
called  in  Scollaml  snow-flakes,  from  their  appearance  in  liard 
weather.  They  arrive  in  that  season  among  the  (Jheviot-hills, 
and  in  the  Highlands  in  flocks.  The  miliaris,  or  gray  emberiza, 
is  of  a  grayish  colour,  spotted  with  black  on  the  belly,  and  the 
orbits  are  reddish.  It  is  the  bunting  of  English  authors.  The 
liortillana,  or  ortobin,  has  black  wings  ;  tlie  first  three  feathers 
on  the  tail  are  while  on  the  eds;es,  only  the  two  lateral  arc 
black  outwardly.  The  orbits  of  the  eyes  are  naked  and  yellow ; 
the  head  is  greenish,  and  yellow  towards  the  inferior  man- 
dible. It  feeds  principally  upon  the  millet,  grows  very  fat,  and 
is  reckoned  a  delicate  morsel  by  certain  epicures,  especially 
when  fattenerl  artificially. 

EMBEZZLEMENT,  the  act  of  a  servant  secreting  or  niakin" 
28. 


away  with  property  intrusted  to  him.     It  is  felony,  and  subjects 
the  ofl'ender  and  his  abettors  to  transportation. 

EMB0LIM.T:AN,  and  Emuolismic,  Intercalaiy,  is  el. icily 
used  in  speaking  of  the  additional  months  inserted  by  chrouo- 
logists  to  form  the  lunar  cycle  of  19  years. 

EMBOLISMUS,  in  Chronology,  signifies  intercalation.  As 
the  Greeks  made  use  of  the  lunar  year,  which  is  only  ;i54days, 
in  order  to  bring  it  to  the  solar,  which  is  SGH  dajs.  they  had 
every  two  or  three  years  an  embolism,  i.e.  they  added  a  llilh 
lunar  month  every  two  or  three  years,  which  additional  month 
they  called  embolimceus,  because  inserted  or  intercalated. 

EMBOLUS   the  piston  or  sucker  of  a  pump. 

EMBOSSING,  or  Imbossing,  in  Architecture  and  Sculp- 
ture, the  forming  or  fashioning  works  in  relievo,  whether  cut 
\^ith  n  chisel  or  otherwise. 

EMBItACERY,  an  attempt  to  corrupt  or  inlluenec  a  jury, 
or  any  way  incline  them  to  be  more  favourable  to  the  one  side 
than  the  other,  by  money,  pron;4ses,  letters,  threats,  or  persua- 
sions ;  whether  the  juror  give  verdict  or  not,  or  whether  the 
verdict  given  be  true  or  false,  which  is  punished  by  line  and 
imprisonment ;  and  the  juror  taking  money,  perpetual  infamv^ 
imprisonment  for  a  year,  and  forfeiture  of  tenfold  the  value. 

EMBRASURE,  in  Fortification,  a  hole  or  aperture  in  « 
parapet,  through  which  the  cannon  arc  pointed  to  Cre  into  the 
moat  or  field. 

EMBROCATION,  in  Surgery  and  Pharmacy,  an  external 
remedy,  consisting  in  an  irrigation  of  the  part  with  some  pro- 
per liquor,  as  oil,  spirits,  &c. 

EMBROIDERY,  a  work  in  gold  or  silver,  or  silk  thread, 
wrought  by  the  needle  upon  cloth,  stull's,  or  muslin,  into 
various  figures.  In  embroidering  slufTs,  the  work  is  performed 
in  a  kind  of  loom,  because  the  more  the  piece  is  stretched,  the 
easier  it  is  worked.  As  to  muslin,  they  spread  it  upon  a  pat- 
tern ready  designed,  and  .sometimes,  before  it  is  stretched  upon 
the  pattern,  it  is  starched,  to  make  it  more  easy  to  handle. 

EMBRYO,  in  Physiology,  the  first  rudiments  of  an  animal 
in  the  w  omb,  before  the  several  members  are  distioetly  formed  ; 
after  wliiili  period  it  is  denominated  a  foetus. 

EMERALD,  is  a  well-known  gem  of  pure  green  colour, 
somewh;it  harder  than  quartz.  Its  natural  form  is  cither 
rounded,  or  a  short  six-sided  prism.  By  the  ancients  the 
emerald  was  in  great  request,  particularly  for  engraving  upon. 
They  are  said  to  have  procured  it  from  Ethiopia  and  Egypt. 
The  most  intensely  coloured  and  valuable  emeralds  that  we 
are  acquainted  with  are  brought  from  Peru.  They  are  found 
in  clefts  and  veins  of  granite,  and  other  primitive  rocks,  and 
oftentimes  grouped  ^^ith  the  crystals  of  (piartz,  felspar,  and 
mica.  The  emerald  is  one  of  the  softest  of  the  prei-ious  stones, 
and  is  almost  exclusively  indebted  for  its  valii'-  to  its  charming 
colour.  The  brilliant  purple  of  the  ruby,  the  golden  yellow  of 
the  topaz,  the  celestial  blue  of  the  sapphire,  are  all  pleasing 
tints;  but  the  green  of  the  emerald  is  so  lovely,  that  the  eye, 
after  glancing  over  all  the  others,  finds  delight  in  resting  upon 
this.  In  value  it  is  rated  next  to  the  ruby  ;  and  when  of  good 
colour,  is  set  without  foil,  and  upon  a  black  ground,  like  bril- 
liant diamonds.  Kmeralds  of  inf^erior  lustre  are  gcneially  set 
upon  a  green  gold  foil.  These  gems  are  considered  to  appear 
to  greatest  advantage  when  table  cut,  as  in  the  figure,  antJ  sur- 
rounded by  brilliants,  the  lustre  of  which  forms 
an  agreeable  contrast  with  the  quiet  ime  of  the 
emerald.  They  arc  sometimes  formed  into  pear- 
shaped,  ear-drops,  but  the  most  valuable  stones 
are  generally  set  in  rings.  A  favourite  mode 
of  setting  emeralds  among  the  opulent  inhiibitants  of  South 
America,  is  to  make  them  up  to  clusters  of  artificial  flowers  oa 
gold  stems.  The  largest  emerald  that  has  been  mentioned, 
is  one  said  to  have  been  possessed  by  the  inhabitants  of  the 
Valley  of  Maiita,  in  Peru,  at  the  time  when  the  Spaniards  first 
arrived  there.  It  is  recorded  to  have  been  as  big  as  aa 
ostrich's  egg,  and  to  have  been  worshipped  by  the  Pciuviins, 
under  the  name  of  the  Goddess  or  Mother  of  Emeralds.  They 
brought  smaller  ones  as  offerinss  to  it.  which  the  priests  dis- 
tinguished by  the  apiiellation  of  daughters.  Many  fine  emeralds 
are  staled  to  have  formcrlv  been  bequeathed  to  dillerent 
monasteries  on  the  continent;  but  the  greatest  part  of  them  arc 
said  to  have  been  sold   by  the  monks,  and   to   have  bad  their 
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pluce  supplied  with  coloured  glass  imitations.  These  stones 
are  scliiom  seen  of  larg;e  size,  and  at  the  same  time  entirely 
free  froi;i  lla>\s.  The  emerald,  if  heated  to  a  certain  degree, 
assumes  a  hliie  colour,  hut  it  recovers  its  own  proper  tint  when 
cold.  When  the  heat  is  carried  much  beyond  Ihis  it  melts 
into  an  opaque,  culoured  mass.  The  Oriental  emerald  is  a 
variety  of  the  ruby,  of  a  green  colour,  and  an  extremely  rare 
gem. 

EMERGENT  Ykar,  in  Chronology,  is  the  first  year  of  any 
partinnlar  iera. 

EMERSION,  in  Astronomy,  is  the  re-appearaucc  of  the  sun, 
moon,  or  a  planet,  aflcr  havins;  been  eclipsed  by  the  interposi- 
tion of  the  niDoii,  earth,  or  other  body.  This  term  is  sometimes 
also  usi-d  to  denote  the  re-appearance  of  a  star,  which  had  been 
Lid  in  the  sun's  rays.  Emersion  is  also  listd  to  denote  the 
risins;  of  a  solid  body  above  a  fluid  in  which  it  floats. 

Minutes  or  Scruples  of  Emehsion,  in  a  lunar  eclipse,  is  the 
arc  of  the  moon's  orbit  which  she  has  passed  over,  from  the 
time  .she  besins  fo  emerge  out  of  the  earth's  shadow,  to  the 
end  of  the  eclipse. 

EMERSON,  William,  a  very  eccentric  man,  but  an  excel- 
lent mathematician,  born  in  1701  at  Hurworth.  in  the  county 
of  Durham;  had  a  small  paternal  estate  of  aliout  £70  per 
annum,  to  which  he  for  some  time  added  the  profits  of  a  small 
day-school  ;  this,  however,  he  afterwards  discontinued,  and 
lived  upon  the  income  of  his  estate,  and  the  trilling  profits 
arising  from  his  works,  which  were  very  numerous.  Emerson 
died  on  the  20th  May,  17S'J,  in  the  81st  year  of  his  age. 

EMERY,  is  a  very  hard  mineral  of  blackish  or  bluish  gray 
colour,  is  chiefly  found  in  shapeless  masses,  and  mixed  with 
other  minerals.  It  contains  about  80  parts  in  100  of  alumine, 
and  a  s:Mall  portion  of  iron,  is  usually  opa(iue,  and  about  four 
times  as  heavy  as  water.  The  best  emery  is  brought  from  the 
Levant,  and  chiefly  from  Naxos,  and  other  islands  of  the 
Grecian  Archipelago.  It  is  also  found  in  some  parts  of  Spain  ; 
and  is  obtained  from  a  few  of  the  iron  mines  in  our  own  coun- 
try. In  hardness  it  is  nearly  equal  to  adamantine  spar,  and 
this  property  has  rendered  it  an  object  of  great  request  in 
various  arts.  It  is  employed  by  lapidaries  in  the  cutting  and 
polishing  of  precious  stones  ;  by  opti(!ians,  rn  smoothing  the 
surface  of  the  finer  kinds  of  glass,  preparatory  t-)  their  being 
polished ;  by  cutlers,  and  other  manufacturers  of  iron  and 
steel  instruments  ;  by  masons,  in  the  polishing  of  marble  ;  and 
in  their  respective  businesses,  by  locksmiths,  glaziers,  and 
numerous  other  artisans.  For  all  these  purposes,  it  is  pulver- 
ized in  large  iron  mortars,  or  in  steel  mills  ;  and  the  powder, 
which  is  rough  and  sharp,  is  carefully  washed,  and  sorted  into 
five  or  six  different  degrees  of  fineness,  according  to  the 
description  of  work  in  which  it  is  to  be  employed. 
EMETIC,  a  medicine  which  in<luces  vomiting. 
Emetic  Tartar,  the  old  name  for  tartrite  of  antimony. 
EMINENTIAL  Equvtion,  a  term  used  by' some  authors  for 
a  certain  assumed  equation,  which  involves  in  itself  several 
particular  equations. 

EMOLLIENTS,  in  Medicine  and  Pharmacy,  such  remedies 
as  soften  the  asperity  of  the  humour>,  and  relax  and  supple 
the  solids. 

EMPIS,  in  Zoology,  a  genus  of  insects  belonging  to  the 
order  diptera.  the  proboscis  of  a  horny  substance,  bivalve, 
rellected  under  the  head  and  breast,  and  longer  than  the 
thorax.     There  are  five  species. 

EMULGEN'T,  or  Ri;nal  .'Vrterif.s,  those  which  supply  the 
Iddnejs  with  blood  ;  being  sometimes  single,  and  sometimes 
double  on  each  side. 

EMULSION,  a  milky-looking  fluid,  caused  by  an  imperfect 
combination  of  oil  with  water  by  means  of  miicila<rc,  gluten, 
&c.  All  oily  farinaceous  seeds,  as  nuts,  almonds,  linseed,  &c. 
form  an  emulsion  by  trituration  with  water;  yolk  of  egg,  whicli 
is  a  natural  compound  of  oil  and  albumen,  makes  a  similar 
emulsion. 

EN.V.MEL  Painting,  is  performed  on  plates  of  gold,  silver, 
or  copper,  with  certain  metallic  or  earthy  colours,  melted  by 
intense  heat.  Fine  enamelling  should  only  be  practised  on 
plates  of  gold.  Nor  must  the  plate  be  made  flat  ;  as  in  that 
case,  the  enamel  cracks  ;  but  in  the  form  of  a  watch-glass,  and 
uot  too   thick.     The  plate  being  well  forged,  the  operation  is 


begun  by  laying  on  a  coat  of  white  enamel  on  both  sides, 
which  prevents  the  metal  from  blistering,  and  this  first  layer 
serves  for  the  ground  of  the  other  colours.  The  plate  being 
prepared,  the  subject  to  be  painted  is  drawn  with  red  vitriol, 
mixed  with  oil  of  spike,  marking  all  parts  of  the  design  lightly 
with  a  pencil.  The  colours,  which  are  previously  ground  with 
water,  extremely  fine,  in  a  mortar  of  agate,  and  mixed  with  oil 
of  spike,  are  laid  on.  The  painting  is  afterwards  gently  dried 
over  a  slow  fire  to  evaporate  the  oil,  and  the  colours  melted 
to  incorporate  them  with  the  enamel,  making  the  plate  red-hot. 
."Vny  part  of  the  painting  eflaced,  is  passed  over  »gain,  strength- 
ening tliH  shades  and  colour,  committing  it  again  to  the  fire; 
and  Ihis  is  repeated  till  the  work  is  finished.  This  painting  is 
employed  in  miniature. 

Enamel  possesses  all  the  properties  of  glass,  except  its 
transparency.  The  basis  of  enamels  is  a  pure  crystal  glass  or 
frit,  ground  together  with  a  line  calx  of  lead  and  tin,  with  the 
addition  of  a  smr.ll  proportion  of  the  white  salt  of  tartar. 
These  form  the  principal  ingredients  of  all  enamels,  Hhich  are 
made  b>  adding  pulverized  colours,  and  thoroughly  incorpo- 
rating tiie  whole  in  a  furnace.  Enamels  are  used  to  counter- 
feit or  imitate  precious  stones,  as  well  as  for  painting;  or  by 
enamellers  and  artists  working  in  gold,  silver,  and  other 
metals.  Tliat  used  by  jewellers  is  brought  chiefly  from  Venice, 
or  Holland,  in  cakes. 

ENCAUSTIC  PaiNtikg,  was  in  u.se  among  the  ancients, 
who  employed  wax  to  give  a  gloss  to  the  colours,  and  to  pre- 
serve them  from  injury.  The  art  was  restored  by  Count 
Caylus,  in  1753.  The  wood  or  cloth,  stretched  on  a  frame,  is 
rubbed  over  with  bees'  wai,  being  at  the  same  time  held  over, 
or  before  a  fire,  at  such  distance  that  the  wax  may  gradually 
melt,  while  it  is  rubbed  on.  It  must  diffuse  itself,  penetrate 
the  bod}',  and  fill  the  texture  of  the  cloth,  which,  when  cool,  is 
fit  to  he  used.  But  to  make  the  colours,  which  are  ground  in 
water,  adhere  to  the  wax,  the  whole  surface  is  first  rubbed 
over  with  Spanish  chalk,  or  white,  the  colours  are  then  applied. 
When  the  picture  is  dry,  it  is  put  near  the  lire,  by  which  the 
wax  is  melted,  and  the  colours  absorbed.  They  are  not  liable 
to  fade  or  change  ;  no  damp  or  corrosive  substance  can  affect 
them;  they  have  no  tendency  to  crack;  and,  if  by  accident 
they  receive  injury,  they  can  be  easily  repaired. 

About  the  year  1787,  a  Miss  Greenland,  who  acquired  some 
knowledge  in  this  art  at  Florence,  communicated,  with  the  pre- 
sentation of  a  paintins',  her  method  of  proceeding,  to  the  Society 
of  Arts.  Her  directions  are  the  following  : — "  Take  an  ounce 
of  white  wax,  and  the  same  weight  of  gum  niastich,  powdered. 
Put  the  «a\  in  a  glazed  earthen  vessel,  over  a  very  slow  fire;  and 
when  it  is  quite  dissolved,  strew  in  the  niastich,  a  little  at  a 
time,  stirring  the  wax  continually,  until  the  whole  <|uantity  of 
gum  is  perfectly  melted  and  incorporated  ;  then  throw  the 
paste  into  cold  water,  and  when  it  is  hard  take  it  out  «f  the 
water,  wipe  it  dry,  and  beat  it  in  one  of  Mr.  Wedgewood's 
mortars,  observing  to  pound  it  first  in  a  linen  cloth,  to  absorb 
some  drops  of  water  that  will  remain  in  the  paste,  and  prevetit 
the  possibility  of  reducing  it  to  a  powder,  which  must  be  so 
fine  as  to  pass  through  a  thick  gauze.  It  should  be  pounded 
in  a  cold  place,  and  but  a  little  while  at  a  time  ;  as  after  long 
beating,  the  friction  will  in  a  degree  soften  the  wax  and  the 
gum,  and  instead  of  their  becoming  a  powder  they  will  return 
to  a  paste. 

"  Make  strong  gum-arabic  water;  and  when  you  paint,  take 
a  little  of  the  powder,  some  colour,  and  mix  them  together  with 
the  gum  water.  Light  colours  require  but  a  small  quantity  of 
the  powder,  but  more  of  it  must  be  put  in  jiroportion  to  the 
body  and  darkness  of  the  colours  ;  and  to  black  there  should 
be  almost  as  much  of  the  powder  as  colour. 

"  Having  mixed  the  colours,  and  no  more  than  can  be  used 
before  they  get  dry,  paint  with  fair  water,  as  is  practised  in 
painting  with  water  colours,  a  ground  on  the  wood  being  first 
painted  of  some  proper  colour,  prepared  in  the  same  manner  as 
is  described  for  the  picture  ;  walnut  tree  and  oak  are  the  sorts 
of  wood  commonly  made  use  of  in  Italy  for  this  purpose.  The 
painting  should  be  very  highly  finished,  otherwise,  when  varn- 
ished, the  tints  will  not  appear  united. 

"  When  the  painting  is  quite  dry,  with  rather  a  hard  brush, 
passing  it  one  way,  vatnish  it  with  white  wax,  which  is  put 
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into  an  earthen  vessel,  and  kept  mcllcd  over  a  very  slow  fire 
till  the  piL-t\irc  is  varnished,  lakin;;  jjreat  caie  Lliat  the  «;ix 
does  not  boil.  Afterwards  hold  the  picture  hefon;  the  fire,  near 
enough  to  melt  the  wax,  but  not  to  make  it  run  ;  and  when  the 
variiisli  is  entirely  cold  and  hard,  rub  it  gently  with  a  linen 
clolli.  Should  the  varnish  blister,  warm  the  picture  asain, 
very  slowly,  and  the  bubbles  will  suhsiile.  When  the  picture 
is  dirty,  it  need  only  be  washed  with  cold  water." 

The  Society  considered,  that  Miss  Greenland's  method 
provides  ajiainst  all  inconveniences  ;  and  ti.e  brilliancy  of  the 
colours  in  the  picture  pnintcd  by  her,  and  e\hihit<'d  to  the 
Society,  fully  justifies  the  opinion,  that  the  Art  ot  Painting  in 
Wax,  as  above  described,  merited  the  reward  of  a  ;;old  pallet, 
which  was  voted  to  her  on  this  occasion. 

ENCHASING,  or  Chasing,  is  the  art  of  enriching  and 
beautifying  gold, silver,  and  other  metal  work,  by  some  designs 
or  figures  represented  thereon  in  low  relievo,  as  on  waieh 
cases,  cane  he;ids,  tweezer  cases,  See.  This  is  done  by  punch- 
ing or  driving  out  the  metal  from  a  figure  from  that  wilhinside, 
so  as  to  stand  out  pioniinent  from  the  surface  of  the  metal. 
To  understand  this  delicate  business, itshould  be  seen  performed 
by  its  ingenious  artisan. 

ENCLOSURE,  a  fence,  wall,  or  hedge,  or  other  means  of 
protection  and  security  surrounding  land.  Countries,  how- 
ever, in  general,  lie  open,  with  nothing  but  hanks  and  dilehes 
to  divide  the  l.ind  of  every  husbandman;  but  in  England,  each 
separate  farm  is  divided  from  others  by  hedges  and  fences, 
and  the  farms  themselves  are  broken  into  small  enclosures. 
In  France,  Germany,  Italy,  Spain,  and  most  other  nations, 
the  lands  still  remain  unenclosed  in  large  open  fields  ;  and 
those  countries,  in  conscciucnce,  present  a  dreary  appearance 
to  the  eye  of  an  Englishman,  whose  enclosures  render  England 
the  garden  of  the  world.  Enclosures  greatly  improve  the 
climate  of  a  counlrv,  by  protecting  it  from  inclement  winds ; 
they  pleasantly  subdivide  the  labours  of  the  farmer;  and  by 
restraining  the  exercise  of  cattle,  they  occasion  them  to  get  fat 
much  sooner. 

ENDEMIC  DisiiASES,  those  to  which  the  inhabitants  of 
particular  countries  are  subject  more  than  others. 

ENDOWMENT,  in  Law,  denolcs  the  settling  a  dower  on  a 
woman,  and  sometimes  for  settling  a  provision  for  a  church, 
college,  or  hospital. 

ENFIL.VDE,  in  the  art  of  war,  signifies  firing  along  a  trench 
or  other  place,  and  is  eipiivalent  fo  raking  a  ship.  Hence 
trenches  are  usually  dug  in  a  zig-zag  manner,  that  they  may 
never  be  enfiladed,  or  shot  along  their  whole  length. 

ENFRANCHISEMENT,  in  Law,  the  incorporating  a  per- 
son into  any  suciety  or  body  politic  ;  sncli  as  the  enfranehise- 
Dient  of  one  made  a  citizen  of  London,  or  other  city,  or  burgess 
of  any  town  corporate,  because  lie  is  made  partaker  of  its 
liberties,  or  franchises. 

ENGAGEMENT,  in  a  naval  sense,  implies  a  battle  at  sea, 
or  an  action  of  hostility  between  single  ships,  squadrons,  or 
fleets  of  men  of  w  ar. 

The  engagements  of  the  ancients  were  usually  carried  on  in 
two  different  manners.  Advanced  by  their  oars,  the  galleys 
ran  violently  aboard  of  each  other,  and  hy  the  encounter 
of  their  beaks  and  prows,  and  sometimes  of  their  steins, 
endeavoured  to  dash  to  pieces  or  sink  their  enemies.  For  this 
purpose  the  prow  was  armed  with  a  brazen  point  or  trident, 
nearly  as  low  as  the  surface  of  the  water.  Some  of  the  galleys 
were  furnished  with  turrets  and  buildings,  for  attack  or  de- 
fence. The  soldiers  annoyed  their  enemies  with  darts,  slings, 
swords,  and  javelins  ;  and  in  order  that  their  weapons  might 
be  directed  with  greater  force  and  certainty,  the  ships  were 
equipped  with  platl'ornis  above  the  deck.  The  siiles  of  the 
ships  were  foililied  v\ith  a  thick  fence  of  hides,  whieh  served  lo 
repel  the  darts  of  the  adversaries,  and  to  cover  their  own  sol- 
diers, who  thereby  annoyed  the  enemy  with  greater  security. 

As  to  bore  and  sink  the  enemy's  ships  with  the  rostra  was 
the  chief  manner  of  sea-engagements  among  the  anciints;  high 
and  bulky  ships  had  accordingly  a  great  advantage  over  their 
adversaries,  liy  the  foee  of  the  stroke  of  a  large  ship.  The 
height  was  likewise  no  small  convenience  in  boarding  and 
throwing  missile  werpoiis,  so  that  it  was  much  more  true 
among  tl'em  than  among  ms,  that  a  little  ship  durst  not  lay  her 


side  to  a  great  one;  and  thoagh  great  ships  were  commonly 
had  sea-l)oats,  they  had  a  superior  force  in  a  sea  engagement, 
the  shock  of  them  being  sometimes  so  violent  as  to  throw  the 
crew  on  the  upper  deck  of  smaller  ships  overboaid.  This  occa- 
sioned the  ancients  gradually  lo  increase  the  bulk  of  their 
ships,  till  they  came  at  last  to  an  enormous  size,  and  then 
niacliii.es,  now  unknown,  were  employed  in  naval  engagements; 
hut  the  following  are  a  few  which  we  find  recorded  by  the 
ancient  writers : 

The  Doljiliin.  a  large  massy  piece  of  lead  or  iron  in  the  form 
of  a  dolphin,  and  suspended  by  blocks  at  the  mast  heads  or 
vardarnis,  and  rea<ly  for  a  proper  occasion,  was  let  dnvvn 
violently  from  tlience  into  the  adverse  ships,  and  either  pcne- 
trated  through  their  botloin,  and  opened  a  passage  for  the  enter- 
ing waters,  or  by  its  weight  immediately  sunk  the  vessel. 

The  Dripaniiii.  an  engine  of  iron,  crooked  like  a  sickle,  an. I 
fixed  in  the  top  of  a  long  pole,  cut  asunder  the  slings  of  the 
sail  yards,  and  thereby  let  the  sails  fall  down,  lo  dis.dile  the 
vessel  from  escaping,  and  incommode  her  during  the  action. 
Similar  to  this  was  another  instrument,  armed  at  the  head  v«ith 
a  broad  two-edged  blade  of  iron,  to  cut  away  the  ropes  that 
fastened  the  rudder  in  the  vessel  There  were  also  spears  or 
raaees  of  an  extraordinary  length,  sometimes  exceeding  tv»enty 
cubits;  also  certain  machines  for  throwing  large  stones  into 
the  enemy's  ships. 

Another  engine  was  suspended  to  the  main  mast,  and  re- 
sembled a  battering-r.Tm,  lor  it  consisted  of  a  long  beam  and 
a  head  of  iron,  and  was  with  great  violence  pushed  against 
the  sides  of  the  enemy's  galleys.  The  grappling  iron,  which 
was  usually  thrown  into  the  adverse  ship  by  means  of  an  engine, 
faeiiitated  the  entrance  of  the  soldiers  appointed  to  bo.ird,  on 
wooden  bridges,  tliat  were  generally  kept  ready  for  this  pur- 
pose in  the  fore  part  of  the  vessel. 

The  arms  used  by  the  ancients  rendered  the  disposition  of 
their  fleets  very  different,  according  to  the  lime,  place,  and 
circumstances.  They  generally  considered  it  an  advantage  lo 
be  to  windward,  and  to  have  the  sun  shining  diiectly  on  the 
front  of  their  enein\.  The  order  of  battle  chiefly  depended  on 
their  power  of  managing  the  ships,  or  of  draw  in;  them  readily 
into  form  ;  and  on  the  schemes  which  their  oflieers  had  con- 
certed. The  fleet  being  composed  of  rowing  vessels,  they 
lowered  their  sails  previous  to  the  action:  they  presented  their 
prows  lo  the  enemy,  and  advanced  against  each  other  by  the 
force  of  their  oars,  liet'ore  they  joined  battle,  the  admirals 
went  from  ship  to  ship,  and  exhorted  their  soldieis  to  behave 
gallantly.  All  things  being  in  readiness,  tlie  signal  was  rlis- 
played  by  hanging  out  of  the  admiral's  galley  a  gilded  shield, 
or  a  red  garment  or  haniier.  During  the  elevation  of  this,  the 
action  continued,  and  by  its  depression  or  inclination  towards 
the  right  or  lelt,  the  rest  of  the  ships  were  directed  how  to 
attack  or  retreat  from  their  enemies.  To  this  was  added  the 
sound  of  trumpets,  wbich  began  in  the  admiral's  galley .  and 
continued  rouiul  the  whole  fleet.  The  fight  was  also  begun  hy 
the  admiral's  galley,  by  grappling,  boarding,  and  endeavour- 
ing to  overset,  sink,  or  destroy  the  adversary.  Sometimes, 
for  v\ant  of  grappling  irons,  they  fixed  their  oars  in  such  a 
manner  as  to  hinder  the  enemy  from  retreating.  If  they  could 
not  manage  their  oars  as  <lexterously  as  their  antagonist,  or 
fall  alongside  to  board  him,  they  penetrated  his  vessel  with  the 
brazen  prow.  The  vessels  approached  each  other  as  well  as 
their  circumstances  would  permit,  and  the  soldiers  fought  hand 
to  hand  till  the  battle  was  decided  ;  nor  indeed  couM  Ihcy 
fight  otherwise  with  any  certainty,  since  the  shortest  distance 
rendered  their  slings  and  arrows,  and  almost  all  their  oflViisive 
weapons,  inetl'eetual,  if  not  useless.  The  squadrons  were  some- 
times ranged  in  two  or  three  lines  parallel  to  each  other  ;  being 
seldom  drawn  up  in  one  line,  unless  when  fcu'ined  into  a  half 
moon.  This  order  appears  the  most  convenient  for  rowinp 
vessels  that  engage  by  advancieg  their  prows  towards  the 
enemy. 

The  famous  machine,  called  the  Corvus,  was  erected  on  the 
prow  of  their  vessels,  in  the  shape  of  a  mund  piece  of  timber 
of  about  a  foot  and  a  half  dianietcr,  and  about  twelve  feet  long  : 
on  the  top  whereof,  they  had  a  block  or  pulley.  Round  this 
piece  of  timber  they  laid  a  stai;e  or  platform  of  boards,  four 
feel   broad,   and    u'.  out   eighteen   feet   long,  which    was   well 
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framed  and  fastened  with  iron.  The  entrance  was  long-wise, 
and  it  moved  about  the  aforesaid  uprij;ht  piece  of  timber,  as 
on  a  spindle,  and  could  be  hoisted  up  wittiin  six  feet  of  the  top ; 
about  tlris  was  a  sort  of  a  parapet,  knee-high,  which  was  de- 
fended with  upright  bars  of  iron,  sharpened  at  the  end ;  tow  ards 
the  top  whereof  there  was  a  ring:  through  this  ring,  fastening 
a  rope  by  the  help  of  the  pullej,  they  hoisted  or  lowered  tlie 
engine  at  pleasure,  and  so  with  it  attacl<ed  the  enemy's  vessels, 
sometimes  on  their  bow-,  and  sometimes  on  their  broadside. 
When  they  bad  grappled  the  enemy  with  those  iron  spikes,  if 
they  happened  to  swing  broadside  to  broadside,  then  they 
entered  from  all  parts ;  but  in  case  they  attacked  them  on  the 
bow,  they  entered,  two  and  two,  by  the  help  of  this  machine, 
the  foremost  defending  the  fore  part,  and  those  that  followed, 
the  Hanks  ;  keeping  the  top  of  their  bucklers  level  w  ilh  the  top 
of  the  parapet. 

The  Uomans  were  restrained  by  a  treaty  with  Carthage  from 
sailing  beyond  the  Fair  Promontory,  Sec.  but  they  resolved  to 
contend  for  the  dominion  of  the  sea  with  the  Carthaginians, 
who  had  held  it  uncontested  from  their  ancestors,  and  began 
anew  by  building  a  whole  lleet,  after  the  model  of  one  of  their 
enemy's  galleys  that  was  stranded  on  their  coast;  and  as  they 
never  wanted  expedients  in  their  military  concerns,  they  placed 
banks  of  rowers  on  board,  in  the  same  form  as  those  of  the 
galleys,  and  instructed  their  men  to  strike  and  recover  tlicir 
oars  by  a  proper  signal,  till  they  were  so  perfect  in  the  exer- 
cise, and  so  expert  in  the  discipline  and  management  of  their 
fleet,  (which  was  improved  with  the  Corvus,  for  the  purpose  of 
boarding,  as  already  described),  that  they  soon  defeated  their 
enemies.  The  two  consuls  were  in  the  two  admirals'  galleys, 
in  the  front  of  their  two  distinct  squadrons,  each  of  them  just 
ahead  of  their  own  divisions,  and  abreast  of  each  other  :  the 
first  division  being  posted  on  the  right,  and  the  second  on  the 
left,  making  two  long  files  or  lines  of  battle.  An;l  when  it 
was  necessary  to  give  to  each  galley  a  due  space  to  ply  their 
oars  and  keep  clear  one  of  another,  and  to  have  their  heads  or 
prows  looking  somewhat  outwards;  this  manner  of  drawing  up 
did  therefore  naturally  form  an  angle,  the  point  whereof  was  at 
the  two  admirals' galleys,  which  was  near  together;  and  as  their 
two  lines  were  prolonged,  so  the  distance  grew  consequently 
wider  and  wider  towards  the  rear.  And  begause  the  naval  as 
well  as  the  land  army  consisted  of  four  legions,  the  ships 
accordingly  made  four  divisions,  two  of  which  were  beiiind:  of 
these,  the  third  fleet  or  the  third  legion  was  drawn  up  front- 
wise, in  the  rear  of  the  first  and  second,  and  so  stretching  along 
from  point  to  point,  composed  a  triangle,  whereof  the  third  line 
was  the  base.  Their  vessels  of  burden  that  carried  their  horses, 
baggage,  &o.  were  in  the  rear  of  these,  and  by  the  help  of  small 
boats  provided  for  that  purpose,  were  towed  or  drawn  after 
them.  In  the  rear  of  all  was  the  fourth  fleet,  called  the  Tri- 
arians,  drawn  up  likewise  in  rank  or  frontwise,  parallel  to  the 
third  ;  but  these  made  a  longer  line,  by  w  hich  means  the  extre- 
mities stretched  beyond  the  two  angles  at  the  base.  This  was 
a  body  of  great  strength,  not  easily  broken,  and  excellently 
disposed  for  the  ships  in  the  rear  to  succour,  relieve,  and  come 
in  the  place  of,  any  that  should  fail  in  front. 

For  the  reader's  more  immediate  conception  of  these  pre- 
parations, we  here  annex  the  order  of  battle : 

o    o 
First  Division  *        *  Second  Division 


Third  •*»«*«***  Di-.i.sinn 
Vessels  of*  *  *  *  *  Burden 
Fourth  •••***»»»»*  i  Division. 

At  the  battle  of  Ecnomus,  between  the  Romans  and  Car- 
thaginians, the  fleet  of  the  former  was  lOius  ranged  into  a 
wedge  in  front,  and  towards  the  middle  of  its  depth  into  two 
right  parallel  lines.  That  of  thi;  latter  was  formed  into  a 
rectangle  or  two  sides  of  a  sipiare,  of  which  one  branch 
extended  behind,  and  as  the  opening  of  the  other  prosecuted 
the  attack,  was  ready  to  fall  upon  the  (lank  of  such  of  the 
Roman  galleys  as  should  attempt  to  break  their  line.     Ancient 


history  has  preserred  many  of  these  orders,  of  which  some 
have  been  followed  in  later  times.  Thus,  in  a  battle  in  I;J40, 
the  English  fleet  was  farmed  in  two  lines,  the  first  of  which 
contained  the  larger  ships,  and  the  second  consisted  of  all  the 
smaller  vessels  used  as  a  reserve  to  support  the  former  where- 
ever  necessary.  In  1545  the  French  fleet,  under  the  command 
of  the  Mareschal  d'Armebault,  in  an  engagement  with  the 
English  in  the  Channel,  was  arranged  in  the  form  of  a  crescent. 
The  whole  of  it  was  divided  into  three  bodies,  the  centre  being 
composed  of  thirty-six  ships,  and  each  of  the  wings  of  thirty. 
He  had  also  many  galleys,  but  these  fell  not  into  the  line,  being 
designed  to  attack  the  enemy  occasionally.  This  last  dispo- 
sition was  continued  down  to  the  reigns  of  James  I.  and 
Louis  XII. 

The  invention  of  gunpowder  took  place  in  1330,  and  the  use 
of  fire-arms  was  gradually  introduced  into  naval  war,  without 
finally  snperseding  the  ancient  method  of  engagement.  The 
Spaniards  were  armed  with  cannon  in  a  sea-fight  against  tlie 
English  and  the  people  of  Poiton,  abreast  of  Rochelle,  in  1372; 
and  this  battle  is  the  first  in  which  mention  is  made  of  artillery 
in  our  navies.  Many  years  elapsed  before  the  maiine  arma- 
ments were  sufficiently  pro\ided  with  fire-arms;  and  in  the 
reign  of  Charles  V.  machines  were  continued  in  use.  So  great 
a  revolution  in  the  manner  of  fighting,  and  which  necessarily 
introduced  a  total  change  in  the  construction  of  ships,  could 
not  be  suddenly  elleeted ;  but  ships  are  no  longer  formed 
of  rowing  vessels,  or  composed  of  gallevs,  but  of  ships  of  the 
line,  which  engage  under  sail,  and  discharge  the  whole  force  of 
artillery  from  their  sides,  being  disposed  in  no  other  form 
than  that  of  a  right  line  parallel  to  the  enemy  ;  every  ship  keep- 
ing close  hauled  upon  a  wind  on  the  same  tack.  Indeed,  the 
difference  between  the  force  and  manner  of  fighting  of  ships 
and  galleys  rendered  their  service  in  the  same  line  incom- 
patible. When  we  consider,  therefore,  the  change  introduced 
both  in  the  construction  and  working  of  ships,  occa.sioned  by 
the  use  of  cannon,  it  necessarily-  follows,  that  squadrons  of 
ships-of-war  must  appear  in  the  order  that  is  now  generally 
adopted.  Finally,  the  ships  ought  to  present  their  broadsides 
to  the  enemy,  and  to  sail  close  upon  a  wind  in  the  wake  of 
each  other,  as  well  to  retain  their  own  uniformity,  as  to  pre- 
serve or  acquire  the  advantage  which  the  weather-gage  gives 
them  over  their  adversary. 

Of  all  the  weapons  used  by  the  ancients,  the  pike  and  the 
sword  are  the  only  ones  now  remaining,  the  others  having  been 
totally  supplanted  by  those  machines  which  originated  with  the 
invention  of  gunpowder.  Our  naval  engagements  are,  therefore, 
almost  generally  decided  by  fire-arms,  of  which  there  are  several 
kinds,  known  by  the  general  name  of  artillery  ;  and  the  fire- 
arms of  a  ship  of  war  are  distinguished  into  cannon  mounted  on 
carriages,  swivel  cannon,  f/reftadoes,  and  mnsquetry. 

The  Swivel  cainion  is  a  small  piece  of  artillery,  carrying  a 
shot  of  half  a  pound,  and  fixed  in  a  socket  on  the  top  of  the 
ship's  side,  stern,  or  bow,  and  also  in  her  tops.  The  trunnions 
of  this  piece  are  contained  in  a  sort  of  iron  crotch,  whose  lower 
end  terminates  in  a  cylindrical  pivot  resting  in  the  socket,  so 
as  to  support  the  weight  of  the  cannon.  The  socket  is  bored 
in  a  strong  piece  of  oak,  reinforced  with  iron  hoops,  in  order 
to  enable  it  to  sustain  the  recoil.  By  means  of  this  frame, 
which  is  called  the  swivel,  and  an  iron  handle  on  its  cascabel, 
the  gun  may  be  directed  by  hand  to  any  olijec*..  It  is,  there- 
fore, very  necessary  in  the  tops,  particularly  when  loaded  with 
musket  balls,  to  fire  down  on  the  upper  dctks  of  the  adver- 
sary, in  action. 

"The  Crenado,  a  little  shell,  of  the  same  diameter  as  a  four- 
ponnd  bullet,  weighs  about  two  pounds,  and  is  charged  with 
four  or  five  ounces  of  powder.  Grcnadoes  are  thrown  from 
the  tops  by  the  hands  of  the  seamen.  They  have  a  touch-hole 
it)  the  same  manner  as  a  shell,  and  a  fuse  of  the  same  compo- 
sition. The  sailor  fires  the  fuse  with  a  match,  and  throws  the 
grcnado  as  he  is  directed;  the  powder  being  infiained,  the 
shcM  instantly  bursts  into  splinters,  that  kill  or  maim  whom- 
soever they  reach  on  the  decks  of  the  enemy.  As  this  instru- 
ment cannot  be  thrown  by  hand  above  15  or  IG  fathoms,  the 
ship  must  be  ratlx-r  near,  to  render  it  useful  in  battle.  As  to 
the  musket  or  firelock,  it  is  so  well  known  that  a  description 
of  it  would  be  unnecessary. 


E  N  O 


DICTIONARY    OF    MECHANICAL    SCIENCE. 


E  N  G 


2G5 


Dcsielcs  these  niacliiiics,  lliere  arc  sevcrnl  ollicrs  ured  in 
merchiinl  ships  aud  privateers,  as  carabines,  cohorns,  lire- 
arrows,  &c. 

The  Cfiiahitte,  a  sort  of  a  musqiietoon,  the  barrel  of  which  is 
rilled  s|)irally  from  the  breech,  so  tliat  when  tlie  ball,  wliicli  is 
forced  into  it,  is  again  driven  out  Ijj  the  strength  of  the  powder, 
it  is  len^theneci  about  (lie  breadth  of  a  lin^;er,  and  marked  with 
the  ritle  of  tlie  liore.  Tliis  piece  has  an  iron  rammer;  the  barrel, 
including-  tlie  stock,  is  three  feet  long.  It  has  :i  much  greater 
range  than  the  nius<|uct ;  because  tlic  rifle  of  the  barrel  im- 
pedes the  ball,  wliieli  thereby  makes  the  greater  resistance  at 
the  first  indaninialion  of  the  powder,  and  giving  time  for  the 
whole  cliar^'C  to  take  fire  before  it  goes  out  of  the  bore,  it  is  at 
length  thrown  out  with  greater  force  (ban  from  the  common 
mus<|ii<'t. 

The  Cohorn,  a  sort  of  small  mortar,  fixed  by  a  swivel,  and 
particularly  used  to  discharge  grenadoes  or  cast  bullets  into 
merchant  vessels,  when  boarded. 

The  Fire  arrow,  a  small  iron  dart,  furnished  with  springs 
and  bars,  together  with  a  match  impregnated  with  powder  and 
sulphur,  which  is  wound  about  its  shaft,  is  intended  to  fire  the 
sails  of  the  enemy,  and  is,  for  this  purpose,  discharged  from  a 
nuisciuetoon  or  swivel-gun.  The  nialch,  kindled  by  the  explo- 
sion, eoinmuuieates  the  flame  to  the  sail  against  which  it  is 
directed,  wIk  re  tiie  arrow  is  fastened  by  means  of  its  bars  and 
springs.  This  is  peculiar  to  hot  climates,  pajtieularly  the  West 
Indies;  the  sails,  being  extremely  dry,  are  instantly  inflamed, 
and,  of  course,  convey  the  fire  to  the  masts  and  rigging,  and 
finally  to  the  vessel  itself. 

The  Oryan,  a  machine  consisting  of  six  or  seven  musquet 
barrels  fixed  upon  one  stock,  so  as  to  be  fiied  all  at  once. 

A  general  engagement  of  fleets  or  sijuadrons  of  ships  of  war 
being  nothing  else  than  a  variety  of  particular  actions  of  single 
ships  with  e.ieh  other  in  line  of  liatlle,  it  will  be  necessary  first 
to  deserilie  the  latlcr,  and  then  proceed  to  represent  the  usual 
masiiur  of  conducting  the  former. 

The  whole  economy  of  a  naval  engagement  may  be  arranged 
under  the  follo»ing  heads:  l.The  preparation;  2.  The  action; 
and  3.  The  repair,  or  refitting  lor  the  purposes  of  navigiiliou. 

The  preparation  is  begun  by  issuing  an  order  to  clear  the 
ship  for  action,  which  is  repealed  by  the  boalswain  and  his 
mates  at  all  the  hatchways  or  sl;iircases  leading  to  the  dillercnt 
batteries.  In  a  ship  of  war,  the  nianagenieut  of  the  artillery 
requiring  a  nuuiber  of  men,  the  ollieers  and  sailors  are  conse- 
qucnlly  restrained  to  a  narrow  space  in  their  usual  habitations, 
to  preserve  the  internal  regularity  of  the  ship.  Aecordinglv, 
the  hanimoeks,  or  haiii;ing  beds,  of  the  latter  arc  crowded 
together  as  close  as  possible  between  the  decks,  each  of  them 
being  limiled  to  the  breadth  of  14  inches,  and  they  are  hung 
parallel  to  each  ollu'r,  in  rows  slret(diing  from  one  side  of  the 
ship  to  the  other,  nearly  throughout  her  whole  length,  so  as  to 
admit  of  no  p.issage  but  by  stooping  under  them.  While  sus- 
pended in  this  situation,  it  would  be  impossibh?  to  work  the 
cannon,  and  theiefore  they  must  be  removed  with  the  greatest 
expedition.  Ai^cordingly,  at  the  sunuuons  of  the  boatswain, 
who  cries,  "  Up  all  hamniocks,"  every  sailor  repairs  to  his 
own,  and  having  stowed  his  bedding  properly,  corils  it  firmly 
with  a  lashing  or  line  provided  fur  that  purpose,  and  carries  it 
to  the  quarter- deck,  poop,  forecastle,  or  whatever  other  place 
is  most  convenient.  As  each  side  of  the  cpiarter-deek  and 
poop  is  furnished  with  a  double  net-work,  supported  bv  iron 
cranes  fixed  immediately  above  the  gunwale  or  tup  of  the  ship's 
side,  the  lianuno'ks  thus  corded  are  firmly  stowed  by  the 
((uarter  masters  between  the  two  parts  of  iln^  netting,  so  as  to 
form  an  excellent  barrier,  lire  tops,  waist,  and  forccaslle.  arc 
(hen  fenced  in  the  same  manner.  By  thus  dispusiug  of  the 
hammocks,  a  duid>le  advantage  is  obtaiue<l  :  the  batteries  of 
(cannon  arc  imnniliately  cleared  of  an  ineumlirance,  and  the 
hamnio(;ks  are  converted  into  a  sort  of  parapet  to  prevent  the 
execution  of  small  shut  on  the  quarter  deck,  tops,  and  fore- 
castle. The  hamniocks.  Sec.  are  not  unfrcqucutly  thrown  over- 
board at  oiKC,  when  there  is  no  time  to  slow  them  away. 

During   the   performance  of  these   olhees  below,  the   boat- 
iwain  and  mates  arc  em|iluyed  in  seeuring  the  sails  and  vaids, 
to  prevent  them  from  tumbling  down  when  the  ship  is  cannon- 
aded, as   she  might   thereby   be  disabled  and  rendered  iuca- 
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pable  of  attack,  retreat,  or  pursuit.  The  yards  are  likewise 
secured  by  strong  chains  or  ropes,  in  addition  to  Iho  e  by 
which  they  are  usually  suspended.  The  boatswain  also  pro- 
vides the  necessary  mnterials  to  repair  the  riggiu;:,  «  hercver 
it  may  be  damaged  by  the  sliot  of  the  eneiuy  ;  and  to  supply 
whatever  parts  of  it  may  be  entirely  destroyed.  The  car|iciiter 
and  his  crew,  in  the  mean  time,  prepare  their  shot  plugs  and 
mauls  to  close  up  any  dangerous  breaches  that  tiiav  be  made 
near  the  surface  of  t!ic  water,  and  provide  the  iron  work 
necessary  to  refit  the  chain  pumps,  in  case  their  machinery 
should  be  injured  in  the  engagement.  The  gunner,  with  his 
mates  and  quai  tcr-gunncrs,  are  busied  in  examining  the  can- 
non of  the  didereut  batteries,  to  see  that  their  charges  are 
thoroughly  dry  and  fit  for  execution:  to  have  every  thing  ready 
for  furnishing  the  great  guns  and  small  arms  with  powder,  as 
soon  as  the  aeti(m  begins:  and  to  keep  a  sullicient  number  of 
cartridges  cunlinually  filled,  to  supply  the  place  of  those  ex- 
pended in  battle.  The  master  and  his  mates  arc  attentive  to 
have  the  sails  properly  trimmed,  according  to  the  situation  of 
the  ship,  and  to  reduce  or  multiply  them,  as  occasion  requires, 
with  all  possible  expedition.  The  lieutenants  visit  the  dit- 
ferctit  dieks,  to  see  that  they  are  clfectually  cleared  of  all 
inrumbrance,  so  that  nothing  may  retard  the  execution  of  the 
artillery,  and  to  enjoin  the  other  ollieers  to  diligence  and  alert- 
ness in  making  the  necessary  dispositions  for  the  expcclcj 
engagement,  so  that  every  thing  may  be  in  readiness  at  a 
moment's  warning. 

When  the  hostile  ships  have  approached  each  other  to  a 
competent  distance,  the  drums  beat  to  arms,  and  the  boatswain 
and  his  mates  pipe  "  .Ml  liHuds  to  quarters"  at  every  bateh- 
way.  The  persons  appointed  to  manage  the  great  guns  imme- 
diately repair  to  their  respective  stations  ;  and  crows,  hand- 
spikes, rammers,  sponges,  powder-horns,  matches,  train- 
tackles,  &c.  arc  placed  in  order  by  the  side  of  every  cannon. 
The  hatches  are  laid,  to  prevent  any  orte  from  escaping  into 
the  lower  apartments.  The  marines  are  ilrHwn  up  in  rank  and 
file  on  the  quarter  rieck,  poop,  and  forecastle.  The  lashings  (,( 
the  great  guns  are  let  loose,  and  the  tonipions  uitlidiawn:  the 
whole  artillery  above  and  below  is  rirn  out  at  the  ports,  and 
le^elled  to  the  point-blank  range,  ready  for  firing 

When  these  necessary  preparations  arc  finished,  and  the 
ollieers  and  crew  nre  all  ready  at  their  respective  stations,  to 
obev  every  occasional  order,  the  cotuinenccruent  of  the  action 
is  determined  by  the  mutual  distanee  aud  situation  of  the 
adverse  ships,  or  by  the  signal  from  the  commander  in  chief  of 
the  fleet  or  squadron.  The  cannon  being  levelled  in  parallel 
rows,  projecting  Irom  the  ship's  side,  the  most  natur:d  order  of 
battle  is  evidently  to  range  the  sld|)S  abreast  of  each  other, 
especially  if  the  engagement  is  general.  The  most  convenient 
distance  is  prohahlv  within  the  point-blank  range  of  a  mus- 
quet, so  that  all  the  artillery  may  do  ellei'tual  exeiHiliou. 

The  combat  usually  begins  by  a  vigorous  cannonade,  accom- 
panied by  the  united  ell'orls  of  all  the  swivel  guns  and  smarl 
arms.  As  the  method  of  llriug  platoons,  volleys,  or  broadsides 
of  cannon  at  once  is  generali\  found  injurious  in  the  sea  ser- 
vice, it  should  seldom  be  attempted,  unless  in  the  battering  of 
a  forliliealion  ;  for  the  sides  and  decks  of  the  ship,  altbougli 
suflieieiitly  strong  for  all  the  purposes  of  war,  would  be  ton 
much  shaken  by  so  violent  an  explosion  and  recoil.  Instead 
thereof,  the  general  practice  on  this  occasion  throughout  the 
ship  is  to  load,  fire,  and  sponge  the  guns  with  all  possible 
ex|)edition,  yet  without  confusion  or  precipitation.  The  c:ip- 
tain  of  each  gun  is  particularly  enjoined  to  fire  only  when  iho 
piece  is  properly  directed  to  its  object,  that  the  shot  may  not 
be  fruitlessly  expeniled.  The  lieutenants  who  command  the 
difiereut  batteries,  traverse  the  deck,  to  sec  that  the  battle  is 
prosecuted  with  vigour,  and  to  exhort  and  animate  the  men  in 
their  duly.  The  uddshipmen  second  these  injunctions,  and 
give  assistance,  where  it  is  required,  at  the  guns  eoininitted  to 
their  charge.  The  gunner  takes  care  that  all  the  artillery  is 
suHjeiently  supplied  with  powder,  and  that  the  cartridges  arc 
carefidly  conveyed  along  the  decks  in  covered  boxes. 

Till'  havoc  produced  by  a  coiitinualiin  of  this  mutual  assault, 

as  at  Ihc  Nile,  Trafalgar,  &;e.  can  be  more  easily  imagined  than 

desciibcd;   battering,   penetrating,  and   splinteiing  the  sides 

and  (leeks ;  shattering  or  dismounting  the  cannon ;  mangling 
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and  dcslioyins  the  riggriiig  ;  cutting  asuiider  or  cr.njing  away 
the  masts  and  jards;  piercing  and  tearing  the  sails  so  as  to 
render  them  nselcss ;  and  wounding,  disabling,  or  killing  the 
ship's  company.  The  comparative  vigour  and  resolution  of 
the  assailants  to  eU'ect  these  dreadful  consequences,  generally 
determine  their  success  or  defeat ;  but  sometimes  the  fate  of 
the  combat  may  be  decided  -by  some  unforeseen  incident,  which 
may  be  as  fortunate  for  the  one  as  fatal  to  the  other. 

The  ?liip  that  is  defeated  acknowledges  the  victory  by  strik- 
ing her  colours,  and  is  inmiediately  taken  possession  of  by  the 
coiKiueror,  who  secures  her  officers  and  crew  as  prisoners  in 
his  own  ship,  and  invests  two  principal  oflicers  with  the  com- 
mand of  the  prize  till  a  captain  is  appointed  by  the  commander 
in  chief. 

When  the  engagement  is  concluded,  the  men  begin  the  re- 
pair, or  reQttiug,  for  the  purposes  of  navigation.  Accordingly, 
the  cannon  are  secured  by  their  breechings  and  tackles,  with 
all  convenient  expedition.  Whatever  sails  hare  been  rendered 
unserviceable  are  unbent,  and  the  wounded  masts  and  yards 
struck  upon  the  deck,  and  repaired,  or  replaced  by  others  ;  the 
standing  rigging  is  knotted,  and  the  running  rigging  spliced, 
wherever  this  is  necessary.  Proper  sails  are  bent  in  the  room 
of  those  which  have  been  removed  as  useless.  The  carpenter 
and  his  crew  are  employed  in  repairing  the  breaches  made  in 
the  ship's  hull,  by  shot-plugs,  pieces  of  plank,  and  sheet  lead. 
The  gunner  and  his  assistants  are  busied  in  replenishing  the 
allotted  number  of  charged  cartridges,  to  supply  the  place  of 
those  which  have  been  expended,  and  in  refitting  whatever 
furniture  of  the  caniiuu  may  have  been  damaged  by  the  late 
action. 

Sucli  arc  the  usual  consequences  and  process  of  an  engage- 
ment between  two  ships  of  war,  which  may  be  considered  as 
an  epitome  of  a  general  battle  between  lleets  or  squadrons. 
The  latter^  however,  involves  a  greater  variety  of  incidents, 
and  necessarily  requires  more  comprehensive  skill  and  judg- 
ment in  the  commanding  olhcer. 

When  the  commander  in  chief,  or  admiral  of  a  naval  arma- 
ment, has  discovered  an  enemy's  fleet,  his  principal  concern  is 
usually  to  approach  it,  and  endeavour  to  come  to  action  as 
soon  as  possible.  Every  inferior  consideration  must  be  sacri- 
ficed to  this  important  object,  and  every  rule  of  action  should 
tend  to  hasten  and  prepare  for  so  material  an  event.  The 
state  of  the  wind,  and  the  situation  of  his  adversary,  will,  in 
some  measure,  dictate  the  conduct  necessary  to  be  pursued 
with  regard  to  the  disposition  of  his  ships  on  this  occasion. 
To  faciiitalc  the  execution  of  the  admiral's  orders,  the  whole 
fleet  is  ranged  into  three  squadrons,  each  of  which  is  classed 
into  three  divisions,  under  the  command  of  different  ollieer-i. 
Before  the  action  begins,  the  adverse  fleets  are  commonly 
drawn  up  in  two  lines,  parallel  to  each  other  and  close  hauled. 
As  soon  as  the  admiral  displays  the  signal  for  the  line  of  battle, 
the  several  divisions  separate  from  the  columns,  in  which  they 
were  disposed  in  the  usual  order  of  sailing,  and  every  ship 
crowds  into  its  station  in  the  wake  of  the  next  a-head  :  a  pro- 
per distance  from  each  other  (which  is  generally  about  fifty 
fathoms)  being  regularly  observed  from  the  van  to  the  rear. 
The  admiral,  however,  will  occasionally  contract  or  extend  his 
line,  so  as  to  conform  to  the  length  of  that  of  his  adversary, 
whose  neglect,  or  inferior  skill  in  this  respect,  he  will  naturally 
convert  to  his  own  advantage,  as  well  as  to  prevent  his  own 
line  from  being  doubled  upon  ;  a  circumstance  which  might 
cause  great  confusion  among  his  van  aiul  rear. 

When  the  adverse  lleets  approach  each  other,  the  courses  are 
commonly  hauled  up  in  the  brails,  and  the  top-gallantsails  and 
stay-sails  furled.  The  movement  of  each  ship  is  chiefly  regu- 
lated by  the  main  and  fore  top-sails  and  the  jibs;  the  mizcn- 
top-saii  being  reserved  to  hasten  or  retard  the  course  of  the 
ship,  and,  in  fine,  by  filling  or  backing,  hoisting  or  lowering  it, 
to  determine  her  velocity.  The  frigates,  tenders,  and  fire- 
ships,  being  also  hauled  upon  a  wind,  lie  at  some  distance, 
ready  to  execute  the  almiral's  orders  or  those  of  his  Seconal's, 
leaving  the  line  of  battle  between  them  and  the  enemy.  If 
thiue  are  any  transports  or  storeships  altendant  on  the  fieet, 
these  are  disposed  at  a  slill  fir'.her  distance  from  the  scene  of 
action.  If  tiie  fleet  is  superior  in  nundjcr  to  that  of  the  enemy, 
the  admiral  usually  selects  a  body  of  reserve  from  the  diUcrent 


squadrons,  which  will  be  always  of  use  to  cover  the  fire-ships, 
bomb-vessels,  &c.  and  may  fall  into  the  line  in  any  case  of 
necessity  :  these  also  are  stationed  at  a  convenient  distance 
from  the  line,  and  should  evidently  be  opposite  to  the  weakest 
parts  thereof. 

Order  and  discipline  give  additional  strength  and  activity  to 
a  fleet.  If  thus  a  double  advantage  is  acquired  by  every  fleet, 
it  is  certainly  more  favourable  to  the  inferior,  which  may  there- 
by change  its  disposition  with  greater  facility  and  despatch 
than  one  more  numerous,  yet  without  tieing  separated.  When 
courage  is  equal  to  both,  good  order  is  then  the  only  resource 
of  the  smaller  number.  Hence  we  may  infer,  that  a  smaller 
squadron  of  ships  of  war,  whose  officers  are  perfectly  disci- 
plined in  working  their  ships,  inay,  by  its  superior  dexterity, 
vanquish  a  more  powerful  one,  even  at  the  commencement  of 
the  engagement ;  because  the  latter  being  less  expert  in  the 
order  of  battle,  will,  by  its  separation,  suffer  many  of  the  ships 
to  remain  useless,  or  not  sufficiently  near  to  protect  each  other. 
Thus,  though  the  Gauls  had  the  advantage  of  the  Romans  in 
their  numbers;  the  Germans  in  their  slalurc;  the  Spaniards 
in  their  strength  and  numbers  united:  the  Africans  in  their 
artifii  e  and  opulence  ;  the  Greeks  in  their  policy  and  prudence ; 
yet  the  Romans  triumphed  over  all  by  their  discipline. 

The  signal  for  a  general  engagement  is  usually  displayed 
when  the  opposite  lleets  are  suflicieiitly  within  the  range  of 
point-blank  shot,  so  that  they  may  level  the  artillery  with  cer- 
tainty of  execution,  which  is  near  enough  for  a  line  of  battle. 
The  action  is  begun  and  carried  on  throughout  the  fleet  in  the 
manner  (as  described)  between  single  ships,  at  which  time  the 
admiral  carries  little  sail,  observing  however  to  regulate  his 
own  motions  by  those  of  the  enemy.  The  ships  of  the  line 
meanwhile  keep  close  in  their  station,  none  of  which  should 
hesitate  to  advar.ce  in  their  order,  although  interrupted  by  the 
situation  of  some  ship  ahead  which  has  negligently  fallen 
astern  of  her  situation. 

Such  is  now  the  practice  of  naval  war,  that  the  necessary 
order  of  battle,  and  the  fabric  of  our  ships,  very  seldom  permit 
the  assault  of  boarding  unless  in  single  actions.  No  captain 
ought  therefore  to  abandon  his  station  in  the  line,  under  any 
pretence  whatsoever,  unless  his  ship  is  toe  much  disabled  to 
continue  the  combat.  The  small  quantity  of  sail  carried  on 
this  occasion  will  permit  the  bulk  of  the  fleet,  although  some- 
what impaired,  to  continue  their  cannonade  a  long  time  with- 
out quitting  the  line. 

No  captain  should  be  induced  to  break  the  line  through  a 
false  ambition  to  distinguish  himself,  or  with  the  hope  of 
achieving  any  distant  enterprise,  however  flattering  the  pros- 
pect may  be.  He  ought  to  wait  the  signal  of  the  admiral,  or 
commanding  officer  ;  because  it  is  more  essential  to  preserve 
the  regularity  of  a  close  line,  which  consiitutes  the  principal 
force  of  the  fleet,  than  to  prosecute  a  particular  action,  which, 
although  brilliant  in  itself,  has  seldom  any  material  conse- 
quences, unless  his  object  is  to  seize  a  flag-ship,  and  even  this 
can  only  be  justified  by  success. 

The  various  exigences  of  the  engagement  call  forth  the  skill 
and  icsources  of  the  admiral  to  keep  his  line  as  complete  as 
possible,  notwithstanding  unequal  attacks  and  damage.  He 
must  order  ships  from  those  in  reserve,  to  supply  the  place  of 
those  which  may  have  been  rendered  unqualified  by  the  action: 
he  must  direct  his  fire-ships  at  a  convenient  time  to  fall  aboard 
the  enemy,  and  he  must  detacdi  ships  from  one  part  of  the  line 
or  wing  which  is  stronger,  to  another  which  is  greatly  pressed 
by  superior  force,  and  requires  assistance.  His  vigilance  is 
ever  necessary  to  review  the  situation  of  the  enemy  from  van 
to  rear,  every  motion  of  whom  he  should,  if  possible,  anticipate 
and  disappoint.  He  should  seize  the  favourable  moments  of 
occasion,  which  are  rapid  in  their  progress,  and  never  return  : 
an  opportunity  lost  may  lose  the  victory.  Far  from  being 
disconcerted  by  any  unforeseen  incident,  however  distressing 
it  may  be,  he  should  endeavour  to  overcome  all  difliculties,  and 
make  them,  if  possible,  subservient  to  his  designs.  His  ex- 
perience and  reflection  will  naturally  furnish  him  with  every 
method  of  intelligence  to  discover  the  state  of  his  different 
squadrons  and  divisions.  Signals  of  inquiry  and  answers — 
of  re(|ucst  and  assent — -of  command  and  obedience — ^must  be 
displayed   and   repeated   on   this   occasion,     (ii'ce   the  article 
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Signal.)  Tenders  and  boats  must  also  be  continually  detached 
between  llie  adiiiiial  and  the  commanders  of  the  several  squa- 
drons or  aivisions. 

When  dang:cr  presses,  he  sliould  be  fortilied  by  resolution 
and  presence  of  mind,  because  the  wliole  (leet  is  eommitled  to 
his  eharjje,  and  the  conduct  of  his  oRlcers  may,  in  a  great  dc- 
Rr3c,  be  influenced  by  his  intrepidity  and  perseverance.  In 
short,  his  fame  or  infamy  may  depend  upon  the  fate  of  a  day. 

If  he  proves  victorious,  he  should  prosecute  that  victory  as 
much  as  possible,  by  scizina^,  burning,  or  otherwise  destroying 
the  enemy's  ships.  If  he  is  defeate<i,  he  should  endeavour,  by 
every  resource  his  experience  can  suggest,  to  save  as  many  of 
liis  ilect  as  possible,  by  employing  his  fenders,  &c.  to  take 
out  the  wounded,  and  put  fresh  men  in  their  places,  by  towing 
the  disabled  ships  to  a  competent  distance,  and  by  preventing 
the  execution  of  the  enemy's  fire-sliips.  In  order  to  retreat 
with  more  securily,  he  may  judge  it  expedient  to  range  his 
licet  into  the  form  of  a  half-moon  or  crescent,  placing  himself 
in  the  centre.  15y  this  disposition,  the  enemy's  ships  which 
attempt  to  fall  upon  his  rear,  will  at  once  expose  themselves  to 
the  (ire  of  the  admiral  and  his  seconds,  in  an  advantageous 
situation:  a  circuiijslance  which  will  serve  to  facilitate  the 
escape  of  his  own  ships,  and  retard  the  pursuit  of  those  of  his 
adversary.  Should  his  lleet  be  too  much  extended  by  this 
arrangement,  the  wings,  or  ([uarters,  arc  easily  closed,  and  (he 
Iialf-moon  rendered  more  complete  ;  in  the  midst  of  which  may 
be  placed  his  store-ships,  tenders,  &c.  In  retreating,  the  un- 
certainty of  llie  weather  is  to  be  considered  :  it  may  become 
calm,  or  (he  wind  may  shift  in  his  favour.  His  sehemes  may 
be  assisted  by  the  apjjroaeh  of  night,  or  the  proximity  of  land, 
and  he  ought  rather  to  run  the  ships  ashore,  if  practicable,  than 
suO'er  them  to  be  taken  alloat,  and  thereby  transfer  additional 
strength  to  the  enemy.  In  short,  nothing  should  be  neglecled 
that  may  contribute  to  the  preservation  of  his  fleet,  or  prevent 
any  part  of  it  from  falling  into  the  hands  of  the  conqueror. 

Upon  the  whole  it  appears,  the  real  force  or  superiority  of  a 
fleet  consists  less  in  the  number  of  vessels  and  tlie  vivacity  of 
Ihe  action,  than  in  good  order,  dexterity  in  working  the  ships, 
presence  of  niiud,  and  skilful  conduct  in  the  admiral  and 
captains. 

ENGINE,  in  Mechanics,  a  compound  machine  formed  of 
one  or  more  of  the  mechanical  powers,  and  in  our  language 
implies  nearly  the  same  as  machine.  Commonly  the  most 
.simple  mechanical  powers  are  denominated  tools  or  histriimiiils, 
the  simplest  combination  of  these  are  called  machines,  and  the 
more  complicated  and  powerful  are  denominaled  enaines. 

Enoim;  in  Itt  down  lienrij  wriff/ils,  as  stones,  tindier,  &c.  when 

taking  down  old   buildings,   ike.   as   in   the  following   figure. 

V 
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Kreet  a  frame  of  wood,  or  set  up  a  gin  close  to  the  wall,  and  let 
the  pulley  P  be  firmly  allachcd  to   the  frame.     A  cord  passes 


over  this  pulley,  one  end  of  which,  C,  has  a  hook,  to  which  the 
stone,  &e.  can  readily  be  fastened  ;  the  other  end,  D,  carries  a 
vessel  which  may  be  filled  with  water  from  the  reservoir  .M, 
on  the  ground  at  the  bottom  of  the  wall.  Then  while  one  mail 
is  fixing  the  stone  to  the  hook  at  the  top  of  the  wall,  let  another 
put  water  into  the  vessel  at  the  bottom,  tdl  it  nearly  equals  the 
Weight  of  the  stone  ;  after  which,  leaving  both  to  the  free  opera- 
tion of  gravity,  or  retarding  the  motion  if  requisite,  the  stone 
may  be  thus  gradually  lowered,  while  the  vessel,  a  cask  for 
instance,  will  be  raised  to  the  funnel  A,  into  which  the  water 
may  be  poured,  and  thence  conveyed  by  a  wooden  or  a  leather 
pipe  to  the  reservoir  M.  Then  the  vessel  D  may  he  suffered  to 
descend,  and  the  hook  C  will  be  raised,  to  be  fixed  to  another 
stone  ;  and  thus  the  operation  may  be  repeated  as  often  as  is 
necessary. 

The  same  method  may  likewise  be  adopted  in  lowering  sacks 
from  a  high  granary,  or  packages  from  an  upper  warehouse. 
The  velocity  of  the  descending  weight  may  be  so  regulated  as 
to  have  any  proportion  to  that  whicli  gravity  imparls  to  bodies 
falling  freely  ;  thus,  if  VV  denote  the  weight  to  be  lowered,  V  that 

W  — V 

ofthe  vessel  of  water,  we  shall  have  r-.7-—-rr,   for   the    fraction 

expressing  the  ratio  of  the  velocity  to  that  freelv  imparted  bv 
gravity  when  denoted  by  unity,  thus,  if  V  =  J  W,  the  weight 
will  fall  through  i  of  10^,  or  about  &}  feet  in  the  first  second  ; 
if  V=:  §W,  the  weight  will  tall  through  »  of  16  Vj-  or  about 
.'JJ  feet  in  the  first  second;  the  friction  of  "the  pulley  being  in 
both  instances  disregarded. 

ENGINEER,  a  person  employed  in  the  construction  of  the 
larger  kind  of  engines,  or  in  the  application  of  them  to  particu- 
lar purposes. 

Enoinef.r,  is  also  commonly  applied  to  an  ollieer  who  is 
appointed  to  inspect  and  contrive  any  attacks,  defences,  Jcc. 
of  a  fiirtilied  plai'e,  or  to  build  or  repair  them,  &c. 

ENGRAFTING,  sre  Giufting. 

ENGHVILKl),  in  Heraldry,  signifies  a  thing  on  which  the 
hail  has  fallen  and  broken  off  its  edges,  leaving  them  ragged, 
or  with  half  rounds,  or  semicircles  struck  out  of  their  edges. 

ENGRAVING,  is  the  cutting  of  lines  upon  a  copperplate, 
by  means  of  a  steel  instrument,  called  a  graver,  without  the 
use  of  aqua-fortis.  This,  the  first  way  of  producing  copper- 
plate prints  that  was  practised,  is  still"  used  in  historical  sub- 
jects, portraits,  and  in  finishing  landscapes.  The  necessary 
tools  are,  gravers,  a  scraper,  a  burnisher,  an  oil  stone,  a  sanil 
bag,  an  oil  rubber,  and  good  charcoal.  The  gravers  are  steel 
tempered  instruments,  htted  in  a  short  wooden  handle.  They 
are  of  either  a  s(|uare  or  lozenge  form  ;  the  first  for  cutting  broail 
strokes,  the  other  for  fainter  and  more  delicate  lines.  The 
scraper,  a  three-edged  tool  for  scraping  off  the  burr  raided  by 
the  graver.  IJurnishers  are  for  rubbing  down  lines  that  have 
been  cut  too  deep,  or  burnishing  out  scratches  or  holes  in  the 
copper  :  they  are  made  of  hard  steel,  well  rounded  and  polished. 
With  the  oil  stone,  the  gravers,  etching  points.  Sec.  are 
whetted.  Upon  the  sand  bag,  or  cushion,  the  plate  is  laid,  for 
the  convenience  of  turning  it  round  in  any  direction.  The  oil 
rubber  and  charcoal  are  used  for  polishing  the  plate  when 
necessary.  Great  care  is  recpiired  to  whet  the  giaver  nicely, 
particularly  its  belly;  the  two  angles  of  the  graver  which  are  io 
be  held  next  the  plate  nmst  be  laid  Hat  upon  the  stone,  and 
rubbed  steadily,  till  the  belly  rises  gradually  above  the  plate, 
so  that  when  jon  lay  the  graver  Hat  upon  it.  yon  may  just  per- 
ceive the  light  under  the  point,  else  it  «ill  dig  into  Ihe  copper, 
and  you  cannot  keep  a  point,  or  execute  the  work  with  freedom. 
In  order  to  this,  your  right  arm  must  he  kept  close  to  your 
side,  the  forefinger  of  \  our  left  hand  placed  upon  that  pait  of 
the  graver  which  lies  uppermost  on  Ihe  stone.  To  Hhet  (he 
face,  place  (he  flat  i)art  of  the  handle  in  the  hollow  of  your 
hand,  wilh  the  belly  of  the  graver  upwards,  upon  a  mmlirale 
slope,  and  rub  the  extremity,  or  face,  upon  the  stone,  till  it  ha.s 
an  exceeding  sharp  point,  which  you  may  prove  by  trial  upon 
your  Ihlnnb  nail. 

When  Ihe  graver  is  loo  hard,  as  is  usually  the  ease  when 
first  bought,  and  mny  be  known  by  the  frequent  breaking  of  the 
point,  the  method  oi'  liinperiiir/  it  is  as  follows: — heat  a  poker 
red-hot,  and  hold  the  graver  upon  it,  within  half  an  inch  of  the 


2G8 


B  N  G 


DICTIONARY    OF  MECHANICAL    SCinNCE. 


E  N  G 


point,  till  Hie  steel  changes  to  a  lislit  straw-colour;  t'len  put 
the  point  into  oil  to  i-^ool,  or  liokl  llie  yraver  close  to  the  l!an!e  of 
a  candle,  till  it  he  of  the  same  colour,  and  cool  it  in  the  tallow, 
but  be  careful  either  way  imt  to  hold  it  too  Ions,  else  it  will  be 
too  soft ;  in  this  e-ase  the  point,  which  will  then  turn  blue,  must 
be  tempered  again.     Be  not  hasty  in  tempcrinff,  for  sometimes 

'ittle  wetting  will  bring  it  to  a  good  condition,  when  it  is  but 

little  too  hard. 

To  hold  the  gravgr,  cut  ofl"  that  part  of  the  handle  upon  the 
same  lines  with  its  belly,  or  sharp  edge,  making  that  side  flat, 
that  it  may  be  no  obstruction.  Ilold  tlie  handle  in  the  hollow 
of  your  hand,  extend  your  forefinger  towards  the  point,  let  it 
rest  on  the  back  of  the  graver,  that  you  may  guide  it  flat  and 
parallel  with  the  |j!ate.  Let  not  youi  fiiigers  intcrpnse  between 
the  plate  and  the  graver,  else  they  will  hinder  yim  from  carry- 
ing the  graver  level  with  the  plate,  and  from  cutting  the  strokes 
clearly. 

To  lay  the  design  upon  the  plate,  after  you  have  polished  it 
line  and  smooth,  heat  it  till  it  will  melt  virgin  wax,  with  which  rub 
it  thinly  and  equally  over,  and  let  it  cool.  Then,  with  a  black- 
lead  pencil,  draw  on  paper  the  design  which  you  mean  to 
engrave,  lay  it  upon  the  plate,  with  its  pencilled  side  upon  the 
wax,  then  press  it  close,  and  with  a  burnisher  go  over  every 
part  of  the  design,  and  when  you  take  olV  the  paper,  you  will 
find  every  line  which  you  dresv  with  the  black-lead  pencil  upon 
the  waxed  plate,  as  if  it  had  been  draw  n  ;  then  with  a  sharp- 
pointed  tool  trace  all  your  design  through  the  wax  upon  the 
plate,  and  you  may  then  take  olf  the  wax,  and  prorced  to 
engrave.  The  table,  or  board  >ou  work  at,  should  he  firm  and 
steady;  your  plate  should  rest  upon  the  sand  liag  ;  and  holding 
the  graver  as  above  directed,  proceed  according  to  the  following 
rules  : — For  straight  strokes,  hold  your  plate  firm  upon  the  sand 
bag  with  your  left  hand,  move  your  right  hand  foriiards,  lean- 
ing lighter  where  the  stroke  should  be  fine,  and  harder  where 
you  would  have  it  broader;  but  for  circular  lines,  hold  the 
graver  steadfast,  and  move  jour  hand  or  the  plate  as  you  see 
convenient.  Learn  also  to  carry  your  hand  with  such  dex- 
terity, that  you  may  finish  your  stroke  as  finely  as  \ou  began 
it ;  if  you  are  to  make  one  part  deeper  or  blacker  than  another, 
do  it  by  degrees ;  and  that  you  may  do  it  with  exactness,  take 
care  that  your  strokes  be  neither  too  close  nor  too  wide. 
Scrape  off  the  roughness  in  the  course  of  your  work,  but  do 
not  scratch  the  plate  ;  and  to  see  how  your  work  goes  on,  rub 
the  plate  with  oil  rubber,  and  wipe  it  clean.  The  glare  of  the 
fresh-cut  copper  will  thus  be  taken  oil',  and  you  «ill  see  to 
better  advantage  what  you  have  been  doing.  Mistakes  and 
scratches  are  rubbed  out  with  the  burnisher,  the  part  levelled 
with  the  scraper,  and  the  work  proceeded  in  as  formerly.  In 
shadin«:  up  your  work,  commence  with  the  fainter  lines,  and 
finish  with  deeper.  The  dry-point  executes  the  lightest  parts 
of  the  work,  as  the  water,  sky,  fine  draperies,  &;c.  To  prevent 
too  much  light,  a  sash  made  of  transparent  paper  should  be 
placed  between  your  work  and  the  light,  which  will  greatly 
assist  your  eyes  when  the  sun  shines  fiercely. 

Engraving  on  Wood,  Class,  i'l: — Engraving  on  wood  is  a  pro- 
cess exactly  the  reverse  to  engraving  on  copper.  In  copper, 
the  strokes  to  be  printed  are  sunk  or  cut  into  the  copper,  and  a 
rolling  press  is  used  for  printing  it ;  in  engravings  on  wood,  on 
the  contrary,  all  the  wood  is  cut  away,  except  the  lines  to  he 
printed,  which  are  left  standing.  A  wood  cut  is  a  type,  and  the 
mode  of  printing  is  the  same  as  that  used  in  letter-press.  Box- 
wood, jilaned  quite  smooth,  is  used  for  this  purpose.  The 
design  i.s  then  drawn  upon  the  wood  itself  with  a  black-lead 
pencil  ;  all  the  wood  is  then  rut  away  with  gravers  and  other 
■tools,  except  the  lines  thataie  drawn.  Or,  the  design  is  some- 
times drawn  upon  paper,  and  pasted  upon  the  wood,  which  is 
cut  as  before. 

This  art  is  of  considerable  difiiculty  ;  there  are  now  many 
who  practise  it,  but  few  who  have  attained  excellence; 
Bewick,  Branston,  Hughes,  and  some  others,  cut  most  beau- 
tifully. It  is,  however,  useful  for  books,  not  because  the 
printing  of  it  is  cheaper,  as  has  been  supposed,  than  that  of 
copperplates  ;  but  because  a  block  for  ready  reference  can  be 
put  in  where  an  engraving  on  copper  could  not.  Y<t  it  can- 
not he  applied  ecjually  well  to  all  the  purposes  to  vihicb  cop- 
perplate engraving  is  applicable. 


Etching  on  Glass. — Glass  resists  the  action  of  all  acids, 
except  the  Ihioiie  acid.  By  this,  however,  it  is  corroded  as 
copper  is  by  aqua-fortis  ;  and  plates  of  glass  may  be  engraved 
In  the  same  manner  as  copper.  There  are  several  methods  of 
performing  this.  We  shall  first  describe  the  process  of  etch- 
ing by  the  lluoric  acid  in  the  state  of  gas.  Having  covered  over 
the  glass  to  be  etched  with  a  thin  coat  of  virgin  wax,  (common 
bees'  wax  bleached  white,)  draw  the  design  upon  it,  in  the 
same  manner  as  in  etching  on  copper.  Take  some  fluor  spar, 
(Dcibyshire  spar,)  pound  it  fine,  put  it  into  a  leaden  vessel, 
and  pour  some  sulphuric  acid  over  it  ;  place  the  glass  «ith  the 
etched  side  lowermost  over  this  vessel,  two  or  three  inches 
above.  Apply  to  the  leaden  vessel  a  gentle  heat,  which  will 
cause  the  acid  to  act  upon  the  (luor  spar,  and  the  gas  disen- 
gaging itself  will  corrode  the  glass.  When  it  is  sufliciently 
corroded,  the  wax  may  be  removed  by  oil  of  turpentine.  This 
etching  may  be  also  performed  by  raising  a  margin  of  border- 
ing wax  round  the  glass,  as  on  copper,  and  pour  on  the  liquid 
lluoric  acid,  which  acts  upon  the  glass. 

A  third  method  of  etching  on  glass  is  as  follows: — Having 
put  the  wax  on  the  glass,  draw  your  design  upon  it:  raise  a 
niarsin  all  round  it.  Then  put  pounded  lluor  spar  wiih  some 
sulphuric  acid,  diluted  with  water,  upon  the  glass.  The  sul- 
phuric aci.d  «ill  disengage  the  fluoric,  which  being  absorbed  by 
the  water,  will  corrode  the  glass.  Beautiful  ornaments  may 
thus  be  etched  on  glass,  and  applied  to  decorate  windows,  by 
painting  the  figure  of  the  ornament  on  panes  of  glass  with 
engravers'  slopping  varnish,  and  then  exposing  the  panes  to 
the  action  of  the  gas.  The  gas  will  corrode  all  the  surface  of 
the  glass,  except  where  the  varnish  has  been  put,  and  give  it 
(he  appearance  of  ground  glass,  which  maybe  rendered  more 
or  less  opaque  by  lengthening  or  shortening  the  process.  The 
parts  where  the  varnish  was  applied,  will  continue  transparent, 
and  seem  extremely  bright.  It  is  to  be  noticed,  that  when 
liquid  fluoric  acid  is  used,  that  lines  which  have  been  etched 
continue  slill  transparent;  but  when  the  gas  has  been  em- 
ployed, the  line  is  white  and  opaque,  as  if  cut  by  a  wheel. 

Engraving  on  Precious  Stones. — In  engraving  liiamuvds,  the 
first  thing  is  to  cement  two  rough  diamonds  lo  the  ends  of  two 
sticks,  held  steadily  in  the  hand,  and  rub  or  grind  them  against 
each  other,  till  they  are  brought  into  form.  The  powder  serves 
to  polish  them,  which  is  performed  with  a  mill  turning  an  iron 
wheel.  The  diamond  is  fixed  in  a  brass  dish,  and  applied  to 
the  uheel,  and  covered  with  diamond  dust,  mixed  v^ith  olive- 
oil,  and  first  one  face,  then  another,  is  applied  to  the  wheel. 
Ruljies,  sappliires,  and  topazes,  are  cut  and  formed  on  a  copper 
wheel,  and  polished  with  Iripoli  diluted  in  water.  Agates,  ame- 
thysts, emeralrls.  riibiis,  and  the  softer  stones,  are  cut  on  a 
leaden  wheel,  moistened  with  emery  and  water,  and  polished 
with  tripoli,  on  a  pewter  wheel.  J.apis-la:iili,  opal,  &c.  are 
polished  on  a  wooden  wheel.  To  fashion  and  engrave  vases  of 
agate,  crystal.  &e.  a  laihe  is  used,  on  which  arc  the  tools, 
turned  by  a  vvheel;  and  the  vessel  is  held  to  them  lo  be  en- 
graven, either  in  relievo  or  otherwise  ;  the  tcxds  being  moist- 
ened, from  time  to  time,  with  diamond  dust  and  oil,  or  emery 
and  water. 

Engraving  o)i  Steel,  or  Di/e-sinking. — This  is  chiefly  used  in 
cutting  seals,  punches,  matrices,  and  dies  for  striking  coins  or 
medals.  The  met.hod  of  engraving  with  the  instruments,  &c. 
is  tlie  same  for  coins  as  for  medals  and  counters  :  the  only  dif- 
ference is  in  the  relievo,  that  of  coins  being  less  than  that  of 
medals,  and  that  of  counters  If.ss  than  that  of  coins.  En- 
gravers in  steel  commonly  be>;in  v\ilh  punches,  which  are  in 
relievo,  and  serve  for  making  the  creux,  or  cavity,  of  the  matri- 
ces and  dies  :  though  sometimes  they  begin  with  the  creux,  but 
only  when  the  work  is  to  be  cut  very  shallow. 

Iinproremetits  in  Eugruring  and  Copper-plate  Printing. — Very 
extraordinary  improvements  in  the  art  of  producing  and  nmlti- 
plyin.;  irnfiressions  of  en^'ravings,  have  lately  been  made  by 
.lai-ol)  Perkins,  of  I'hiladelphia.  who,  from  his  preeniin  nt 
skill,  was  einploNcd  by  the  American  Banks  in  the  fabrication 
ol  nolcs.  It  is  the  peculiar  merit  of  Mr.  Perkins's  notes,  that 
they  are  capable  of  cxliihiting  the  highest  perfection  of  (he  art 
of  engraving  ;  while  at  the  same  time  every  impression,  though 
millions  of  them  may  be  reipiired,  is  ccpial  to  a  proof.  Hi* 
mode  of  proceeding  is  as  follows:     He  first  causes  the  subject 
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to  be  engraved  on  a  flat  plate  of  soft  steel,  which,  being  duly 
hardened,  is  then  capable  of  impressing^  a  similar  surface  of 
soft  steel  in  a  cylindrical  form.  The  cylinder  in  its  turn  being 
hardened,  is  tlien  capable  of  impressing  other  Hat  plates  of 
soft  steel,  or  copper-plates  ;  and  one  cylinder  can  thus  multiply 
steel  or  copper  plates,  in  any  desirable  number,  etjiial  in  ellect 
and  delicacy  to  the  first  eusraving.  From  these,  of  course,  any 
number  of  impressions  on  paper  may  be  taken,  all  lac  similes 
of  one  another  ;  and,  if  steel  plates  are  used,  they  are  all  eipial 
to  proofs  ;  or,  if  copper,  they  may  be  renewed  as  often  as  they 
begin  to  wear.  The  apparatus  for  transferring  the  impressions, 
as  well  as  for  producing  endless  lines  in  beauliful  scrolls,  and 
for  other  purposes,  are  highly  creditable  to  the  genius  and 
manufactures  of  the  United  States:  but  Mr.  P.  has  proved  his 
fertility  of  contrivance,  by  inventins;  a  machine  for  copper- 
plate printing,  by  which  he  is  enabled,  with  36  plates  and  the 
labour  of  four  men,  to  produce  180  impressions  in  a  minute,  or 
60,000  in  a  day.  This  artist  now  carries  on  his  business  in 
Fleet-street,  London. 

ENNEADP:CATERIS,  in  Chronology,  a  cycle  or  period  of 
19  solar  or  lunar  years. 

ENNEANDICA,  in  Botany,  the  name  of  the  9th  class  in 
Linnseus'  sexual  system,  consisting  of  such  plants  as  have 
hermaphrodite  flowers,  with  nine  stamina,  or  small  organs. 

ENSIGN,  a  large  flag  or  banner,  hoisted  on  a  long  pole, 
erected  "over  the  stern,  and  called  the  ensign-stalV;  the  ensign 
is  used  to  distinguish  the  ships  of  diU'erent  nations  from  each 
other,  as  also  to  characterize  the  dillerent  squadrons  of  the 
navy:  it  was  formerly  written  Ancient. 

ENTABLATURE,  or  ENTABLEMKNT,in  Architecture,  is  that 
part  of  an  order  of  a  column  over  the  capital,  and  comprehends 
the  architrave,  frieze,  and  corniche.  It  is  used  sometimes  to 
denote  the  last  row  of  stones  on  the  top  of  the  wall  of  a  build- 
ing, on  which  the  timber  and  covering  rest. 

ENTAIL,  in  Law,  is  a  fee  estate  entailed,  that  is,  abridged 
and  limited  to  certain  conditions  prescribed  by  the  donor  or 
granter. 

ENTERING  Pouts,  ports  cut  down  on  the  middle  gun-deck 
of  three-deckers,  to  serve  as  doors  for  persons  going  in  or  out 
of  the  ship.  Entering  Ropes,  or  Side  Hopes,  three  ropes  hang- 
ing from  the  upper  part  of  the  ship's  side,  or  from  the  entering 
ports,  on  the  right,  left,  and  middle  of  the  steps. 

ENTOMOLOGY,  that  part  of  ZiJology  which  treats  exclu- 
sively of  insects.  Linna'us  has  divided  insects  into  seven 
orders.  The  sexes  of  insects  are  commoidy  two,  male  and 
female.  Neuters  are  to  be  met  with  among  those  insects  which 
live  in  swarms,  such  as  ants,  bees,  &;e.  Tlie  majority  of  insects 
are  observed  to  be  annual,  finishing  the  whole  term  of  their 
lives  in  the  space  of  a  year  or  less,  and  many  do  not  live  half 
tliat  time ;  nay,  there  are  some  which  do  not  survive  many 
hours  ;  but  this  latter  period  is  to  be  understood  only  of  the 
animals  when  in  their  complete  or  ultimate  form,  for  the  larva' 
of  such  as  are  of  this  short  duration  have  in  reality  lived  a 
very  long  time  under  water,  of  which  they  are  natives  ;  and  it 
is  observed,  that  water  insects,  in  general,  arc  of  longer  dura- 
tion than  land  insects. 

Insects  are  distinguished  from  other  animals  by  tlieir  being 
furnished  with  never  fewer  than  six  feet,  and  sometimes  with 
many  nmre  ;  by  their  breathing,  by  spiracles  or  breathing-holes, 
situated  at  certain  distances  along  each  side  of  the  body  ;  and 
lastly,  by  the  head  being  furnished  with  a  pair  of  nulennte,  or 
jointed  horns,  which  arc  extremely  various  in  the  difl'crent 
tribes. 

The  first  slate  in  which  the  generality  of  insects  appear,  is 
that  of  an  ri/i/.  From  this  is  hatched  the  animal  in  its  second 
state,  when  it  is  improperly  called  the  cattrpil/iir.  The  insect, 
in  this  slate,  is  the  iiirra  or  larve,  a  mask  or  disguise  of  the 
animal  in  its  future  form.  The  larve  (lillers  in  its  appearance, 
according  to  the  tribe  to  which  it  belongs.  When  the  time 
arrives  lor  the  larve  to  <-liange  into  its  next  stale  of  cliri/sa/is, 
or  pupa,  it  ceases  to  feed,  and  having  placed  itself  in  some 
quiet  situalion  tor  the  purpose,  lies  still  for  several  hours;  and 
then  by  a  laborious  ellort,  fiequently  repeated,  divests  itself  of 
its  external  skin,  or  larve  coat,  and  immediately  appears  in 
the  very  dillerent  form  of  a  pupa.  The  Linna-^an  term  pupa 
was  given,  from  the  indistinct  resemblance  wbicli  many  insects 
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bear  in  this  state  to  a  doll,  or  a  child  when  swathed  up  accord- 
ing to  the  old  fashion.  The  pupa  einerscs  at  length  the  com- 
plete insect,  in  its  perfect  or  ulinuate  form,  from  which  it  can 
never  after  change,  nor  can  it  receive  any  further  increase  of 
groHlh.     This  last  or  perfect  slate  is  termed  the  imat/o. 

Some  insects  undergo  a  change  of  shape,  but  are  hatched 
complete  in  all  their  parts  from  the  egg,  and  only  cast  tlieir 
skin  from  time  to  time,  during  their  growth,  till  they  acquire 
the  full  size  of  their  species.  The  mouth  in  some  tribes  is 
formed  for  gnawing  the  food,  and  operates  by  a  pair  of  strong 
horny  jaws,  moving  laterally,  as  in  the  beetle  tribe;  while  in 
others  it  is  formed  for  suction,  and  consists  of  a  sort  of  tube 
In  the  bntterlly  and  moth  tiibe,  it  consists  of  a  double  tube, 
which,  when  at  rest,  is  rolled  into  a  spiral  form,  and  «hcn  in 
use,  extended  at  full  length.  The  eifes  diller  in  the  dillerent 
tribes;  the  greater  number  of  insects  are  furnished  with  eyes 
apparently  two  in  nund)er,  and  situated  on  each  side  the  head. 
The  outward  surface  of  the  coats  of  these  eves  may  be  com- 
pared to  so  many  convex  lenses  or  glasses.  The  heail  Of  the 
common  dragon-lly  is  furnished  with  '25.0IK)  of  these  lenses  I 
In  spiders,  the  eyes  are  from  six  to  eight  in  number  ;  of  a  simple 
structure,  and  placed  at  a  considerable  distance  from  each 
other. 

The  muscles,  or  organs  constituting  the  several  portions  of 
the  llesh  in  insects,  are  more  immerous  than  in  the  larger 
animals,  and  extremely  irritable.  In  the  human  body,  the 
muscles  scarcely  exceed  500,  in  a  large  caterpillar  more  than 
40U0  have  been  discovered.  The  power  of  the  muscles  is  also 
much  greater  than  in  animals.  A  Ilea  is  capable  of  springing 
200  times  its  own  length  ;  whereas  the  jerboe  or  kangaroo,  in 
their  most  powerful  leaps,  fall  very  short  of  the  same  propor- 
tional distance. 

The  orders  of  insects  are,  1.  Cvlenptera,  which  have  erusta- 
ceous  cases  covering  their  wings,  and  which,  when  closed,  form 
a  longitudinal  division  along  the  middle  of  the  back,  as  in  the 
cockc/iii/er  ;  '2.  Hemiptcra,  which  have  four  wings,  the  upper 
ones  partly  crustaceous  and  partly  membranaeecms,  and  being 
crossed  over  the  back,  or  incumbent  on  each  other,  as  the  cock- 
roach ;  3.  l.epithptcra,  insects  with  four  wings,  entered  with 
fine  scales  and  powder,  as  the  liullerjli/,  mulh  ;  4.  Acurvpteif). 
having  four  memhianous  and  semi-transparent  wings,  veined 
like  network,  and  the  tail  with  a  sling,  as  the  ilrar/on  fli/ ;  H. 
Hijmennplera,  insects  which  have  four  membranaceous  and  semi- 
transparent  wings  veined  like  netuoik,  and  the  tail  armed 
with  a  sting,  as  in  the  u-asp  and  bee;  G.  Diplera  insects  have 
only  two  wings,  as  the  common  house-flies;  7.  Aptera  insects 
have  no  wings,  as  the  spiders. 

ENTRANCE,  a  name  frequently  given  to  the  foremost  part 
of  the  ship  under  the  surface  of  the  sea. 

ENTREP.\.S,  in  the  Manege,  the  broken  pace  of  a  horse, 
resembling  an  amble,  being  neither  walk  nor  trot,  and  proceeds 
from  the  animal  having  no  reins  or  back,  and  going  upon  its 
shoulders.  In  general,  this  is  the  gait  of  all  horses  whose 
lind)s  arc  spoiled. 

ENTROCIIUS,  in  Natural  History,  a  genus  of  extraneous 
fossils,  known  by  the  popular  name  of  St.  Cuthbcrt's  beads, 
usually  fouiul  in  limestone,  and  of  all  sizes,  from  a  pin's  head 
to  a  linker's  lengih. 

ENTRY,  Writ  OF,  is  a  writ  directed  to  the  sherilT,  requiring 
him  to  comiiiand  the  tenant  of  the  land,  that  he  render  to  the 
demandant  the  premises  in  question,  or  appear  in  court  on 
such  a  day,  and  shesv  why  he  has  not  done  it. 

ENUMERATION,  the  act  of  numbering  or  counting. 

ENVELOPE,  in  Fortification,  a  woik  of  earth  sometimes  iu 
form  of  a  simple  parapet,  and  yet  at  others  like  a  small  ram- 
part, with  a  parapet  :  it  is  raised  sometimes  on  the  ditch,  and 
sometimes  bejond  it. 

ENVOY,  a  person  deputed  to  negotiate  some  afl'air  with  any 
foreign  prince  or  slate.  Those  sent  fiom  the  courts  of  France, 
IJritain,  Jkc.  to  any  petty  prince  of  Germany,  the  republics  of 
Venice,  (Jenoa,  Js;c.  go  in  qnalitv  of  envoys,  not  and)assadors  ; 
and  sikIi  a  character  oidy  do  those  persons  bear,  who  go  from 
any  of  the  principal  courts  of  Europe  to  another,  wlicn  the 
allair  they  go  upon  is  not  very  solemn  or  important. 

EPACTS,  (from  tmiyui.  induco.  inltrcalo.)  in  Chronology,  the 
excesses  of  the  solar  month  above  the  lunar  syuodical  mouth, 
3z 
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and  of  the  solar  year  above  the  lunar  year  of  twelve  synoclical 
moiitlis  ;  or  of  .several  .solar  montlis  above  as  many  sjnodical 
months,  and  several  solar  ^ears  above  as  many  dozen  of  .syno- 
dical  months.     The  epacts  then  are  either  annual  or  menstrual. 

Menstrual  EpACTS,  are  the  excesses  of  the  civil  or  calendar 
month  above  the  lunar  month.  Suppose,  e.r/.  it  were  new 
moon  on  the  first  day  of  January;  since  tlie  lunar  month  is 
29"'  12''  41'  3",  and  the  month  of  January  contains  31  days,  the 
menstrual  epaet  is  !'•  11''  13' 57  • 

'Annual  EpACrs,  are  the  excesses  of  the  solar  year  above  the 
lunar.  Hence,  as  the  Julian  solar  year  is  SGo*!  C- ,  and  the 
Julian  lunar  year  354''  «'■  48'  38',  the  annual  epact  will  be 
lOd  2ih  11' 22",  tliat  is,  nearly  11  days.  Consequently,  the 
epac't  of  two  years  is  22  days;  of  three  years,  33  days;  or 
rather  thiity,  since  30  davs  make  an  embolisinic,  or  intercalary 
month.  Thus  the  epact  of  four  years  is  14  days,  and  so  ol  the 
rest-  and  thus  every  l!)lh  year  the  epact  becomes  30  or  0; 
consequently  the  20th  year  the  epact  is  11  again  ;  and  so  the 
cycle  of  epacts  expires  with  the  golden  number,  or  lunar  cycle 
of  19  years  begins  with  the  same  ;  these  are  Julian  epacts  :  the 
Gresorian  depend  upon  the  .same  principles,  accounting  only 
for  tlic  dill'crence  of  the  respective  years. 

As  the  new  monns  are  the  same,  that  is,  as  they  fall  on  the 
same  day  every  19  years,  so  the  difference  between  the  lunar 
and  solar  years  is  the  same  every  19  years.  And  because  the 
said  diiierence  is  always  to  be  added  to  the  lunar  year,  in 
Older  to  adjust  or  make  it  equal  to  the  solar  year,  theiefore  the 
said  diiierence  respectively  belonging  to  each  year  of  the 
moon's  cycle,  is  called  the  epact  of  the  said  year,  that  is,  the 
number  to  be  added  to  the  same  year,  to  make  it  equal  to  the 
solar  year. 

Rule  to  find  the  Gregorian  Epact.— The  difference  between  the 
Julian  aiid  Gregorian  years  being  e<|ual  to  the  difference 
between  the  solar  and  lunar  year,  or  1 1  days  ;  therefore,  the 
(Jregorian  Epact  for  any  year  is  the  same  with  the  Julian  Epact 
for  the  preceding  year;  and  hence  the  Grcgoiian  Epact  will  be 
found  by  subtracting  1  froiu  the  golden  number,  multiplying 
(he  remainder  by  11,  and  rejecting  the  30's.  This  rule  will 
serve  till  the  year  1900,  but  after  that  yenr  tlie  Gregorian  Epact 
will  be  found  by  this  rule:  divide  tiie  centuries  of  the  given 
year  by  4,  multiply  the  remainder  by  17;  then  to  this  pioducl 
add  43  times  the  quotient,  and  also  the  number  86,  and  divide 
the  whole  sum  by  25,  reserving  the  quotient:  next  multiply  the 
golden  number  by  11,  and  from  the  product  subtract  the 
reserved  quotient,  so  shall  the  remainder,  after  rejecting  all 
the  30's  contained  in  it,  be  the  epact  sought.  The  following 
table  contains  the  golden  numbers,  with  their  corresponding 
epacts,  till  the  year  1900. 

Table  of  Gregorian  Epacts. 
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EPIIA,  or  Et'HAH,  in  Jewi.sli  antiquity,  a  dry  measure  con- 
taining about  a  bushel. 

EPHEMERA,  the  Dai/-Fl//,  or  3Tai/-Fl>;,  a  genus  of  insects 
belonging  to  the  order  of  iieuroptera.  There  are  eleven  species. 
These  flies  lake  their  name  of  May-fly  from  the  shortness  of 
their  life.  Some  live  st.vcral  days,  others  do  not  take  flight 
till  the  setting  of  the  sun,  and  live  not  to  see  his  rising.  Some 
exist  an  hour,  olhers  half  that  time. 

EPHEMERIDES,in  Astronomy,  tables  calculated  by  astro- 
nomers, shewing  the  present  state  of  the  heavens  for  every  day 
at  noon;  that  is,  the  places  wherein  all  tiie  planets  arc  found 
at  that  time.  It  is  from  these  tables  that  the  eclipses,  conjunc- 
tions, and  aspects  of  the  planets  aie  determined,  horoscopes 
or   celestial   schemes    constructed,   &c.     The    astronomers  of 


most  nations  publish  ephemcrides  ;  of  these  the  most  celebrated 
are,  the  Ephemcrides  of  Bologna;  the  Nautical  Almanac,  pub- 
lislicd  in  England  ;  and  the  Connoissance  des  Temps,  pub- 
lished in  France. 

EPHEMERIS,  a  Nautical  Almanack. 

EPICUREANS,  a  sect  of  ancient  philosopliers  who  followed 
the  doctrine  of  Epicurus,  a  celebrated  philosopher  of  Garge- 
tium  in  Attica,  about  300  years  before  Christ.  At  the  early 
age  of  12  years  he  gave  astonishing  proofs  of  genius,  which  he 
afterwards  improved  by  \isiting  Athens,  which  was  then 
crowded  by  tlio  followers  of  Plato,  the  Cynics,  Peripatetics, 
and  the  Stoics.  Here  he  established  himself,  and  soon 
attracted  a  number  of  followers  by  the  sweetness  and  gravity 
of  his  maimers,  and  b\  his  social  virtues.  In  his  elliies  lie 
maintained  that  the  supreme  good  of  man  consists  in  pleasure, 
and  supreme  evil  in  pain.  Natiirt^  iicrself,  says  he,  teaches  us 
this  truth  ;  and  prompts  us  from  our  birth  to  procure  w  hatever 
gives  us  pleasure,  and  avoid  whatever  gi\es  us  pain.  This 
doctrine,  which  seemed  to  open  the  way  to  sensuality  and 
dissipation,  procured  for  Epicurus  a  great  nunibcr  of  enemies, 
particularly  amongst  the  Stoics ;  but  he  refuted  all  the  accu- 
sations of  his  adversaries  by  the  purity  of  his  morals.  His 
followeis  were  numerous  in  every  age  and  country;  but  they 
soon  degenerated  from  the  comparatively  pure  sentiments  of 
their  master,  and  placed  their  happiness  in  gross  and  sensual 
pleasures. 

EPICYCLE,  in  the  ancient  Astronomy,  was  a  subordinate 
orbit  or  circle,  which  was  supposed  to  move  on  the  circum- 
ference of  a  larger  one,  called  the  different;  by  means  of 
which  one  motion,  apparently  irregular,  was  resolved  into  two 
that  were  circular  and  uniform.  And  when  the  observed 
motion  was  so  irregular  and  complicated  as  not  to  be  resolved 
with  one  epicycle,  olhers  were  added  till  a  nearer  approxima- 
tion was  obtained.  This  system  owed  ils  origin  to  a  prejudice 
that  seems  to  have  been  extremely  ancient,  in  favour  of  circu- 
lar motion  ;  and  the  problem  that  principally  engaged  the 
attention  of  astronomers  in  those  times,  was  to  assign  the  pro- 
per proportion  of  the  different  and  epicycle  v^hich  should 
approximate  nearest  to  absolute  observation. 

EPICYCLOID,  in  Geometry,  is  a  curve  generated  by  a 
point  in  one  circle,  which  revolves  about  another  circle,  cither 
on  the  concavity  or  convexity  of  its  circunifcrence,  and  thus 
differs  from  the  common  cycloid,  which  is  generated  by  the 
revolution  of  a  circle  along  a  right  line;  though  the  latter  has 
sometimes  been  assimilated  with  the  former,  by  considering 
the  right  line  as  the  circunifcrence  of  a  circle  vihose  diameter 
is  infinite.  The  invention  of  epicycloids  is  ascribed  to  M. 
Roeiner.  the  celebrated  Banish  astronomer. 

EPIDEMIC,  iu  Medicine,  denotes  those  diseases  which 
prevail  at  particular  seasons,  attacking  many  persons  at  the 
same  time. 

EPIDENDRUM.  a  genus  of  the  diandria  order. 

EPIGASTRIC  REGION,  a  part,  or  subdivi.sion  of  the 
abdomen. 

EPIGRAPHE,  denotes  the  inscription  of  a  building,  point- 
ing out  the  time  when,  the  persons  by  whom,  and  the  uses  for 
which  it  was  erected. 

EPILEPSY,  in  Medicine,  the  same  with  what  is  usually 
called  W\e  falling  sickness,  from  the  patient's  falling  suddenly 
on  the  ground. 

EPIPHANY,  a  Festival,  otherwise  called  the  Manifestation 
of  Christ  to  the  Gentiles,  observed  on  the  Cth  of  January,  in 
honour  of  the  appearance  of  our  Saviour  to  the  three  magi,  or 
wise  men,  who  came  to  adore  him,  and  bring  him  presents. 
The  kings  of  England  and  Spain  offer  gold,  frankincense,  ami 
myrrh,  on  epiphany,  or  twelfth  day,  in  memory  of  the  offerings 
of  the  wise  men  to  the  infant  Jesus.  The  festival  of  epiphany 
is  called  by  the  Greeks  the  Feast  of  Lights,  because  our  Saviour 
is  said  to  have  been  bapti^sed  on  this  day  ;  the  baptism  is  by 
them  called  illumination. 

EPLSCOP.\CY,  ecclesiastical  government  by  bishops  and 
other  dignitaries,  as  in  the  church  of  England. 

EPIS'l'ILE,  in  .\rchiteclure,  the  architrave,  a  massive  piece 
of  wood  or  stone  laid  immediately  over  the  capital  of  a  column. 

EPITAPH,  a  monumental  i.iscriplion  in  honour  or  memoiy 
of  a  person  defunct,  or  an   inscription  engraven   or  cut  on  a 
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tomb,  to  mark  the  time  of  a  person's  decease,  his  name, 
)';;milv,  and,  usually,  some  eulogium  of  his  virtues,  or  good 
(jiialities. 

EPITIIEN,  in  Pharmai'y,  a  kind  of  fomentation,  or  remedy 
of  a  spirituous  or  aroraatie  composition,  applied  externally  to 
the  region  of  the  heart,  the  liver,  &c.  to  strensthtn  and  comfort 
the  same,  or  to  correct  some  intemperature  thereof. 

EPOCHA,  or  yKuA,  is  a  certain  fixed  point  of  time,  made 
famous  by  some  remarkable  event ;  from  whence,  as  from  a 
loot,  the  ensuing  years  are  numbered  or  eompuled.  As  there 
is  no  aslronomicai  consideration  to  render  one  epoclia  prefer- 
able to  another,  their  constitution  is  purely  arbitrary,  and 
therefore  various  epoclias  liave  been  used  at  dilferenl  times, 
and  among  dilfcrent  nations. 

The  Cliristian  E/mc/m  eonmienccs  on  the  25lli  of  December, 
or  the  1st  of  January.  But  in  those  countries  vvliieh  observe 
the  Julian  calendar,  it  conmienees  on  the  'iSth  of  March.  The 
author  of  this  way  of  computing  from  Christ,  was  Dionysins 
Exiguus,  a  Koman  abbot,  who  lived  about  the  beginning  of  the 
sixth  century. 

The  Eixnha  of  the  Creation,  according  to  the  Jewish  compu- 
tation, is  the  year  of  the  Julian  period  t)53,  answering  to  the 
year  of  Christ  .'iTGI,  and  commencing  on  the  7th  of  October. 
Hence,  if  we  subtract  952  from  any  given  year  of  the  Julian 
period,  the  remainder  is  the  corresponding  year  of  the  Jewish 
epocha  of  the  creation. 

The  Vpuclm  of  the  Olympiads,  used  principally  by  the  Greeks, 
is  famou.s  in  ancient  history.  It  took  its  rise  from  the  Olympic 
games,  which  were  celebrated  at  the  beginning  of  every  liltli 
year,  near  01\mpia,  a  city  of  Elis,  in  Peloponnesus.  An 
Olympiad,  therefore,  was  a  period  of  four  years;  and  by  these 
periods  the  Greeks  reckoned  their  time,  the  year  in  which  the 
games  were  celebrated  the  first  year  of  the  Olympiad.  The 
beginning  of  the  first  Olyiirpiad  is  referred  to  the  year  of  the 
Julian  period  3931,  or  776  years  before  (Jhrist. 

The  Epocha  of  the  ISnilding  of  Hume,  was  the  principal  one 
among  the  Romans.  This  epocha  is  the  year  of  the  Julian 
period  3!J01,  and  answers  to  the  year  752  before  Christ,  com- 
mencing on  the  21st  of  April. 

The  Diucksinn  Epocha,  or  epocha  of  the  Martyrs,  commences 
in  the  year  of  Christ  284,  and  tljat  of  tlu;  Julian  period  49!)7. 
It  obtained  its  name  from  the  great  number  of  Christians  who 
suffered  martyrdom  in  the  reign  of  the  emperor  Uioelesian. 

The  Epocha  of  the  Hei/ira  is  used  by  the  Turks',  Arabs,  and 
others  who  profess  the  Mahometan  faith.  It  conmienees  on  the 
Kith  of  July,  in  the  year  of  Christ  (522,  and  of  the  Julian  period 
5335.  The  word  /icr/iia  si'^inltcs  fii</ht ;  the  event  which  gave 
occasion  to  this  epocOia,  l)eing  ISlahomet's  flight  from  Mecca. 
The  magistrates  of  that  city,  finding  that  his  imposture  tended 
to  disturb  the  public  peace,  were  determined  to  cut  off  the 
author  of  it,  topre>entthe  further  spreading  of  the  mischief. 
But  Mahomet,  having  timely  notice  of  their  design,  ficd  by 
night  to  Medina,  another  city  of  Arabia,  in  the  year  of  our  Lord 
above  mentioned  ;  and  this  is  the  principal  sera  from  which  the 
Mahometans  (Compute  their  time. 

Oioni/xiiis  liegnn  his  account  from  the  conception  or  incarna- 
tion, usually  called  the  Annunciation,  or  Lady  Day,  which 
method  obtained  in  the  dominions  of  Great  Britain  till  the  year 
1752,  before  which  time  the  Dionysian  was  the  same  as  the 
I'^nglish  epoch  ;  but  in  that  year  the  Gregorian  calendar  having 
been  admitted  by  act  of  parliament,  we  now  reckon  from  the 
1st  of  January,  as  in  the  other  parts  of  Europe,  except  in  the 
court  of  Rome,  where  the  epoch  of  the  incarnation  still  obtains 
for  the  date  of  their  bulls.  The  true  birth  of  Christ  was  four 
years  earlier  than  is  reckoned  in  the  common  date,  which  cor- 
responds to  470!)  of  the  Julian  epoch. 

EPROIJVETTE,  the  name  of  an  instrument  for  ascertain- 
ing the  strength  of  fired  gunpowder,  or  of  comparing  the 
strength  of  dillerent  kinds  of  guniiowder.  One  of  the  best 
for  the  proof  of  powder  in  artillciy,  is  that  eonlrived  by  Dr. 
Hutton.  It  consists  of  a  small  brass  gun,  about  2J  feet  long, 
suspended  by  a  metallic  stem  or  rod,  turning  by  an  axis  on  a 
firm  and  strong  frame,  by  means  of  whiih  th(-  piece  oscillates 
in  a  circular  arch.  A  little  below  the  axis,  the  stem  divides 
into  two  branches,  reaching  down  to  the  gun,  tovihieh  the 
lower  ends  of  the  branches  are  fixed,  the  one  near  the  muzzle, 


the  other  near  the  breech  of  the  piece.  The  upper  end  of  the 
stem  is  firmly  attaclied  to  the  axis,  which  turns  very  freelv  by 
its  extremities  in  tho  sockets  of  the  supporting  frame,  by  which 
means  the  gun  and  stem  vibrate  together  in  a  vertical  plane, 
with  a  very  small  degree  of  friction.  The  piece  is  charged 
with  a  small  (juantity  of  powder  (usually  about  two  ouncex) 
without  any  ball,  and  then  fired  ;  by  the  force  of  the  explosion, 
the  piece  is  made  to  recoil  or  vibrate,  describing  an  arch  or 
angle,  which  will  be  greater  or  less,  according  to  the  ((uautity 
or  strength  of  the  powder. 

To  measure  the  quantity  of  recoil,  and  consequently  the 
strength  of  the  powder,  a  circular  brazen  or  silvered  arch  of  a 
convenient  extent,  and  of  a  radius  equal  to  its  distance  below 
the  axis,  is  fixed  against  the  descending  two  branches  of  the 
stem,  and  graduated  into  divisions,  according  to  the  purpose 
required  to  be  answered  by  the  uiachinc,  vir.  1.  Into  equal 
parts,  or  dcynes,  for  the  purpose  of  determining  the  angle 
actually  described  in  the  vibration.  2.  Into  unequal  parts, 
according  to  the  chords,  being  in  fact  100  times  the  double 
sines  of  the  half  angles,  and  running  up  to  100,  as  equivalent 
to  90  degrees;  these  serve  to  compare  the  velocities  given  by 
the  powder.  3.  Into  eipial  parts,  according  to  the  versed 
sines  ;  they  arc,  in  truth,  100  limes  the  versed  sines  of  our 
common  tables,  IGIJ  corresponding  with  90  degrees,  and  these 
serve  to  compare  the  forces.  The  divisions  on  these  scales  are 
read  off,  that  is,  marked  out,  by  an  index,  which  is  carried  on 
the  arch  during  the  oscillation,  and  then  stopping  there,  shews 
the  actual  extent  of  the  vibration.  Dr.  Gregory  has  found, 
upon  several  trials,  that  two  ounces  of  powder  give  .36  on  the 
chords,  or  21°  on  the  arc.  liamsdcn's  eprouvcltc  is  a  gun  that 
recoils  in  a  directiou  parallel  to  itself,  instead  of  vibrating  as 
a  pendulum. 

EP.SOM  SALTS,  are  sulphate  of  magnesia. 

liQUABLE  Motion,  is  that  whereby  the  moveable  body 
proceeds  with  the  same  continued  velocity,  being  neither  acce- 
Icriited  nnr  retarded. 

EQUABLY  accclcralfd  or  retarded  Motion,  &;c.  is  when  the 
motion  or  change  is  increased  or  decreased  by  equal  quantities 
or  degrees,  in  equal  times. 

EQUAL,  a  term  of  relation  between  tvt'o  or  more  things  of 
the  same  magnitude,  quantity,  or  quality,  or  equals,  are  those 
things  which  may  be  substituted  for  each  other  without  any 
alteration  of  their  quantity.  For  it  is  an  axiom  in  geometry, 
that  two  things  which  are  equal  to  the  same  thing,  are  also 
equal  to  each  other.  And  again,  if  to  or  from  equals  you  add 
or  subtract  equals,  the  sum  or  remainder  will  be  equal. 

Equai,  Altitudes,  in  Practical  Astronomy,  one  of  the  most 
practicable  and  certain  methods  of  determining  the  time,  and 
thus  ascertaining  the  error  of  a  clock  or  chronometer,  is  by 
observing  equal  altitudes  of  the  sun  or  of  a  fixed  star.  For 
this  purpose,  all  that  is  necessary  is,  to  observe  the  instant  the 
sun  or  star  is  at  any  altitude  towards  the  east,  before  the 
meridian  passage  ;  and  the  instant  must  likewise  be  marked 
when  the  same  object  attains  exactly  the  same  altitude  towards 
the  west,  after  the  meridian  passage  ;  the  mean  between  the 
above  (iiiantities  will  be  the  instant  marked  by  the  clock  at  the 
moment  the  sun  or  star  was  on  the  meridian.  The  preceding 
operation,  however,  supposes  that  the  declination  of  the  object 
has  not  varied  during  the  elapsed  interv.il,  liut  this  with  the 
sun  seldom  happens.  The  observation  must,  therefore,  be 
corrected  by  a  table,  or  by  a  direct  calculation. 

Equal  Angles,  are  those  whose  containing  lines  arc  inclined 
alike  to  each  other,  or  which  arc  measured  by  similar  arcs  of 
their  circles. 

EiH'Ai.  Arithmetical  Ratios,  are  those  wherein  the  diHirenec 
of  the  two  less  terms  is  eciual  to  the  difierence  of  the  t«o 
greater. 

EijL'AL  Curvatures,  are  such  as  have  the  same  or  equal  radii 
of  curvature. 

Equal  Eiyures,  are  those  whose  areas  are  equal,  whether 
the  figures  be  similar  or  not. 

E<iv.\L  O'comclricnl  liatios,  are  those  whose  least  terms  arc 
similar  alicpiot  or  aliquant  parts  of  the  greater. 

Eot'AL  Solids,  are  those  \»  hose  capacities  arc  equal. 

EQUALITY,  in  Algebra,  is  a  comparison  of  two  quantities 
which   are   in    ellcct  equal,   though   differently   expressed   or 
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represented;  and  it  is  usually  denoteo  kj  .«o  parallel  lines, 
as  :=  ;  thus  4  +  4  =i  8 ;  that  is,  4  added  to  4  is  equal  to  8. 
But  some  wiiters  use  the  character  a,  and  others  ajjain  x^  for 
expressing  equality;  but  the  two  lines  are  now  generally 
adopted.  In  the  solution  ofa  numeral  problem,  which  is  to  be 
rendered  rational,  if  there  be  only  one  loimula,  to  be  equal  to 
a  square  or  other  higher  power,  it  is  called  a  sim/ile  equality. 

EQUANIMITY,  in  Ethics,  denotes  that  even  and  calm 
frame  of  mind  and  temper  under  good  or  bad  fortune,  w  hereby 
a  man  appears  to  be  neither  pufled  up  nor  overjoyed  with 
prosperity,  nor  dispirited,  soured,  nor  rendered  uneasy  by 
adversity. 

EQUATED  Bodies,  on  the  imnter  Scale,  is  the  name  of  two 
lines,  which  relates  to  the  comparison  of  the  sphere  and  the 
regular  bodies  ;  they  are,  however,  seldom  given  on  modern 
scales. 

EQUATION,  in  Algebra,  is  any  expression  in  which  two 
quantities  diB'erently  represented  are  put  equal  to  each  other, 
by  means  of  the  sign  :=.  placed  between  them  ;  thus  7  a  x  +  3x 
—  b,  bif-  +  31/  —  a  =  0,  7 x'  +  3.r^  —  11  =:  0.  &c.  are 
equations,  and  these  receive  different  names,  according  to  the 
various  circumstances  of  the  powers,  relations,  and  combina- 
tions of  the  unknown  quantities  which  enter  into  them. 

A  Literal  Equation,  is  that  in  which  all  the  quantities,  both 
known  and  unknown,  are  expressed  by  letters,  as  o  .r^  +  hx  =:  c. 

A  JS'umeral  Equation,  is  that  in  which  the  co-efficients  of  the 
unknown  quantity  and  absolute  terms  are  given  numbers,  as 
ax''  +   7.r  =   16,  a:'  —    \nx  —    1   =   0,  &c. 

A  Simple  Equation,  is  that  in  which  the  unknown  quantity 
enters  only  in  the  lirst  degree,  as  7 x  zz  35,  ax  +  bx  zz  c, 
Sax  +  5ix  =  Hi),  &c. ;  and  these  are  always  better  ex- 
pressed by  putting  all  the  co-efficients  under  a  parenthesis, 
with  the  unknown  quantity  outside,  thus  (a  -\-  h)  x  z^  c,  (3« 
-1-  5i).r  =    119,  &c. 

A  Quadratic  EQUATION,  is  that  which  the  unknown  quantity 
enters  into  the  second  degree,  as  a  a;'  zz  b,  a  x'  +  h  x  :z:  c,  Sec. 

Note.  When  only  the  second  power  enters,  as  ax-  zz  b,  it  is 
called  a  Simple  Quadratic ;  and  when  the  second  and  first  both 
occur  in  the  same  equation,  it  is  called  an  Adfecled  Quadratic  ; 
such  are  the  equations  ax''  +  hx  zz   c,  x''  -^   a  zz  bx,  Sec. 

A  Cubic  Equation,  is  that  in  which  the  third  power  of  the 
unknown  quantity  enters,  as  x'  -f  ax''  +  bx  zz  c,  x'  +  ax 
z^  b,  ax^  zz.  c,  &c.  The  latter  of  which  is  called  a  Simple 
Cubic. 

A  Biquadratic  Equation,  is  that  in  which  the  fourth  power 
of  the  unknown  quantity  enters,  as  n  .r'  -\-  b  x''  -\-  c.r-  -\-  dx 
zz  e ;  and  w  hen  only  the  fourth  power  enters,  it  is  called  a 
Simple  Biquadratic. 

Reduction  of  Equations,  is  of  two  kinds,  viz.  first,  the  reduc- 
tion of  them  from  a  higher  to  a  lower  dimension  ;  and,  second, 
the  reduction  of  them  to  some  particular  form,  to  prepare  them 
for  solution.  The  former  of  these  cases  is  more  commonly 
called  the  Depression  of  Equations,  which  see  ;  and  the  latter 
usually  consists  in  exterminating  the  second  term  of  the  equa- 
tion, this  being  the  most  eligible  form  for  solution.  Some 
authors  also  use  the  terra  Reduction  of  Equations,  for  what  is 
more  usually  and  properly  called  the  Solution  of  Equations. 

Solution  of  Equations,  is  the  method  of  finding  their  roots, 
which,  however,  can  only  he  done  in  a  direct  manner,  for  the 
first  four  degrees,  viz.  in  Simple,  Quadratic,  Cubic,  and  Biquad- 
ratic Equations ;  and  the  several  methods  of  procedure,  in  each 
of  these,  is  given  under  the  annexed  examples.  Equations 
that  exceed  the  fourth  degree  cannot  be  solved  by  any  direct 
rule,  (except  in  a  few  partial  cases,  in  which  there  are  certain 
relations  either  between  the  roots  or  co-efficients,)  although  the 
subject  has  been  investigated  by  many  of  the  ablest  analysts 
of  Europe.  We  have,  ilherefore,  no  means  of  obtaining  the 
roots  in  those  cases,  but  by  approximation. 

Questions  trliich  invoice  Equations  containing  only  One  unknaum 
Quantili/.  —  Questio?i  1.  There  are  two  numbers  whose  differ- 
ence is  12,  and  their  sum  20 ;  what  are  the  numbers  ? 

As  their  dill'erence  is  12,  the  yreater  number  must  evidently 
exceed  the  less  number  by  12. 

Solu.  Let  X  ^  the  less  number ;  then  x  -f  12  will  be  the 
greater.  But  by  the  equation,  the  sum  of  the  two  numbers  is 
20 ;  or,  the  greater  +  the  less  number  =:  20. 


Hence,  by  addition,  (x  +  12)  -j-  x  zz  20. 
That  is,  2  a;   -f  a:         ..  =20. 

therefore,        2  a;         . .  zz  20  —  12  =  8. 


and 


zz.    -   zz.  i  the  less  No. 


Hence  ihc  greater  number  r:  a;  -|-   12  z:  4  -|-  12  z:   16. 

Question  2.  There  are  two  numbers  whose  difference  is  9, 
and  if  three  times  the  greater  be  added  to  five  times  the  less,  the 
sum  will  be  35  ;  what  are  those  two  nun)bers  ! 

Solu.     Let  X  zz  the  less;  then  ar  -f-  9  iz  the  greater  number. 
And  3  times  the  greater  zz   3   x   a;   -|-   9  =  3  a;  -f  27. 

b  times  ihe  less  zz  6   x  x         9  zz  5x. 

But,  by  the  condition  of  the  question,  3  times  the  greater  -f- 
5  times  the  less  number  zz  35. 

Hence,  by  addition,  (3  a;  +  27)  +  5  x  zz  35 ; 
That  is,  8  a  +   27  =  35,  or  8  x  zz  35  —  27  z:  8 ; 
8 
.'.  X  zz  ~  zz  I  zz:  the  toi  number; 
b 

and  X  +  0  zz  \   -t-U:=   10  the  jjcnjo- number. 
Question  3.     What  number  is  that,  to  which  if  we  add  10, 
three-fil'lhs  of  the  sum  shall  be  60  >. 

Sola.  Let  X  iz  the  number  sought,  then  a;  -f  10  z:  the  num- 
ber +  10.  

3  3         . 3xa;-fl0        3x  +  30 

Now,  ^ths  ofx  +  \0=  -  X  x+  lOz:  — —  =  — -^ 


But,  by  the  question,  -'hs  of  .r  -f  10  z:  66. 
o 

,      .       .         3x  A-   so 
Hence,  by  substitution,  r zz  66. 

Multiplying  by  5,  we  have  3. v  -f  30  =:  330; 

300 
.-.  3x  =  330— 30:z  300,andx=    g— =100zz  llic  required  No. 

•  Question  4.  What  is  the  number  which,  being  multiplied 
by  6,  the  product  increased  by  36,  and  that  sum  divided  by  18, 
the  quotient  shall  be  20 ; 

Solu.    Let  .T  zz  the  number  sought. 

Then  6.t  zz  the  number  multiplied  by  6. 

Also  6x  -f  36  zz  the  product  increased  by  36, 

6x  +  36 
And j— :z:  that  sum  divided  by  18.' 


Hence,  by  the  question. 


Gx  +  .36 

is 


20. 


And6x  -I-  36  z:  360,  multiplying  by  18, 

or  6x  zz  300  —  36  zz  324; 

324 
.•.  t  z:    ~jr-  =:  54,  tnc  number  required," 

Quesiio7i  5.  A  post  is  one-fifth  in  the  earth,  three-sevcnth.'t 
in  water,  and  13  feet  out  of  water;  what  is  the  length  of  the 
post? 

Solu.    Let  X  zz  the  length  of  the  post ; 

X 

Then    r-  =:  the  part  of  it  in  the  earth  ; 
5 


■A  I 


3x 


so   -:=-  z:  the  part  of  it  in  the  water  ; 

And     13  =:  the  part  of  it  out-of  the  water  ; 
But  the  part  in  earth  -|-  part  in  water,  -f-  part  out  of  water  zz 
the  whole  post. 

X  .3  X 

Therefore    -   +  —  -f   13  z:  x. 

15  X 
Multiply  by  5,  then  x  +   — r—  +     65:z5.tr, 

by  7,  and  7  x  -|-   15  x  -)-  455  ^  35  x ; 

or  455zz35x — 7x  —  15.izzi3a 

455 
Hence  x  zz  —r-    zz  35  feet,  the  lengtli  of  the  post. 

Question  6.     Having  paid  away  one-fourth  and  one-seventh 
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of  my  money,  I  had  eighty-five  pounds   left  in  my  purse  ;  how 
much  money  was  iu  it  previously  to  these  disbursements  ! 

Solu.     Let  X  =:  the  money  in  purse  at  first ;  then    -    +  — 

4  7 

is  the  money  paid  away. 

X  X 

Now,  by  the  question,  x  —  -  +  y-  +  85;  multiply  by  26, 

Then     Q8a;=r7a;4-4i  +   2380,  or  17  ar  :=  2380; 

—  -r 
17 


1 

•iix  =.7x 
2380 
Therefore  x  =:  — ;,     =z  £  140.  the  money  at  first  in  my  purse. 


Problems,  or  Q«ei<iow,  involving  quadratic  equations,  are 
solved  by  the  same  process  as  that  for  the  solution  of  those 
which  contain  simple  equations.  But  as  every  quadratic 
equation  contains  two  values  of  the  unknown  quantity,  ques- 
tions of  this  class  may  admit  of  a  double  solution.  And  as  the 
particular  nature  of  the  question  must  determine  whether  one  or 
both  of  these  values  may  apply  to  it,  no  general  rule  can  he  laid 
down,  yet  may  the  processes  of  solution  of  problems  involving 
quadratic  equations  be  suDiciently  understood  by  observing  the 
conclusions  deduced  from  the  following  examples. 

Example  1.  To  find  that  number  to  which,  if  you  add  12, 
and  multiply  the  sum  by  the  number  required,  the  product  shall 
be  589. 

Solu.     Let  X  ■:=■  the  number  sought ; 
Then  (x  +  12)  X  —  589,  or  x'  +    12  x  =  589  by  the  question. 
Complete  the  square,   or  add   to  each  side  of  the  equation  the 
square  of  half  the  co-efficient  of  the  second  term,  and  we  have 

«-'  -I-  12x  -|-  36  =  625  ;  hence,  

extract  the  root,  and  we  get  X -f-  6  zz  v'625  ■=.  25; 

Therefore,  x  :=  25  —  6  =   19,  the  number  sought. 

Example  2.  To  divide  the  number  56  into  two  such  parts, 
tiiat  their  product  shall  be  640. 

Solu.     Let  X  =r  unc  part ;  then  56  —  x  r:  the  other  part; 
And  X   X    (56  —  x)  :=   the  product  of  the  two  parts. 

Hence,  x  X    (56  —  x)  =  640,  or  56  x  —  x=  =:  640  by  the 
question,  or  .r^  —  56  .c  zz  —  640;  hence 
by  completing  the  square,  .r^ —  56  x  +  784^  784 —  640iz  144; 

Therefore,  x  —  28  =   4-   v/m  =:   +   12; 
and,  consequently,  x  =:  28  +   12  zz  40  or  16. 

Note.  The  tuo  values  of  the  unknown  quantity  arc,  in  this 
instance,  the  two  parts  into  which  the  given  number  was 
required  to  be  divided. 

E.rampleS.  Let  the  difference  of  two  numbers  be  7,  and 
half  their  product  plus  30  be  equal  to  the  square  of  the  less 
number;  it  is  required  to  find  those  two  numbers  : 

Sob 


And 


Hence 


Let  X  =  the  less,  then  x  -f-  7  =:  the  greater  number 
-f(x  +  7) 
^ —  -f  30  =  half  their  product  plus  30. 

X  (.r  -I-  7)  ,  r^  4-  7  y. 
2 —    +  30  =  X' (square  of  the /cm)  or  ~-—   + 


30  =  X'  by  the  question. 

Multiply  now  by  2,  and  x'  -f  7x  -|-  60  =  2x'. 
Or,  by  transposition,  x'  —  7x  iz  60;  hence 

49  40 

by  completing  the  square  .r'  —  7x  -|-  —  =60-1-  — 

4  4 


2S9 
~4  ' 


Consequently,  x  — 


±   v/    4     -   ^ 


17 


_,        .  ±  17  -f  7 

Therefore  x  = -^i^  =:   12,  or  -  5  =  /.«  part; 

Andx  +  7=z  12  -f  7.or-5-f-7=19.or2=:thei?,-ca<frpart. 

Note.  This  problem,  we  see,  admits  of  a  double  solution  • 
forvihethcr  12and  19  or  _  5  and  2  be  taken  as  the  correspond- 
ing/«s  and  ,;)•«•«/<.;•  parts,  the  conditions  of  the  question  are 
answered  by  each  pair  of  tmnibcrs. 

llius.     Thus  the  diD'crcnce  of  12  and  19 is  7. 

That  of  —  5  and    2    .  i«  7 

09  '"  '• 


Half  product  of  12  and  19  -f-  30 
=  square  of  the  less. 


(12 


19^ 


-I-  30  =  144  z: 


121 


25: 


That  of  —  5  and  2  -I-  :»  = 
—  ~^'  =  square  of  the  less. 


X    2  ) 


-i-     30    = 


Example  4.  To  divide  the  number  30  into  two  such  parts  that 
their  product  may  be  equal  to  eight  times  their  difference. 
Sulu.  Let  X  z:  the  less ;  then  .30  —  x  =  the  greater  part. 

And  30  —  X  —  X,  or  30  —  2x  iz  their  ilifferencr. 
Hence,  x  x    (30  —  x)  =  8  (.TO  —  2x),  by  the  question, 
or,  which  is  the  same,  30x  —   x'  ^  240  —    16 x. 
Or,  by  transposition,  x'  —  46x  =:  —   240. 
Complete  the  square,  and. T'  —  46x  -f-  529  =  520—  240  =  280, 
Therefore,  x  —  23  ==  ±  ^Z  289  =  +  17, 
Whence,  x  z=  23  +  17  zz  40  or  6  =:  le<"  part. 
And  30  —  X  =  30  —  40  or  .30  —  6  =  —  !0  or  24  =  greater  part. 
Heie  the  equation  gives  for  the  less  part  40  and  6  ;  but  as  40 
cannot  possibly   he  a  part  of  30.   we  take  6  for  the  less  part 
which  allows  24  for  the  greater  ;  and   the  two  numbers  24  and 
6  answer  the  conditions  of  the  question. 

Example  5.     A  merchant  bought  cloth  for  £33.  15*.  which  he 

sold  again  at  £2.  8s.   per  piece,  and   gained  by  the  bargain  as 

much  as  one  piece  cost  him  :  what  did  he  gain  by  the  bargain? 

Sulu.  Let  X  z:  the  number  of  pieces. 

675 

Then  —  z:  the  numberof*/n7/inj*  which  each  piece  cost ; 

and  48  X  z:  the  number  of  shillings  which  he  sold  the  whole  for. 
Therefore  48 x  —  675  =  what  he  gained  by  the  bargain. 

675 
JJut  48x  —  075  =:  ,  by  the  question. 


225    . 
ana  .x'  —   — r—  x  z:  -jTr-,by  transposition  and  division. 


225 


16 

225 
Then  comp.  the  sqr.  and  x=  —  ■y^.x 

Therefore  x  — 


50625_225     60625 

r — ~vh  "I 


G002A 


16  •'"^  1024  ~  16   '    1024  ~    1024' 
225  /OMm  _  ±  2,05      /;^3nv^ 


And  X  :z 


=   + 
V0.>  -I-   225 


32 

or, 


1024 


.12     V    1024 


zz   15  or 


—   30 


32  32" 

But  it  is  obvious  the  number  required  is  16,  becnase  the  con- 
ditions of  the  question  arc  such  that  there  cannot  be  a  negaliee 
or  fractional  number  of  pieces. 

Evamplc  6.  A  and  B  set  off  at  the  same  lime  to  a  place  at 
the  distance  of  150  miles  from  that  Hhirh  lliey  left;  A  travels 
3  miles  an  hour /«.(/<■)■  than  B,  and  arrives  at  liis  journcj's  end 
8  hours  20 minutes  lufore  him  :  it  is  required  to  find  what  rate 
each  person  travelled  per  hour. 

Solu.  Let  X  =  the  rate  per  hour  at  which  B  travels. 

Then  x  -|-  3  =  the  rate  per  hour  at  which  A  travels. 

1.50 
And     -J—  =  the  number  of  hours  for  which  B  travels. 

1.50 
x-l-3  ~  ^'''^  number  of  hours  for  which  A  travel*. 

But  A  arrives  8  hours  20  minutes  (8J  hours)  sooner  at  his 
journey's  end  than  B; 

Hence  ^^  +  Si  =  1"^,  or  -^%  51  =  ^. 
•^  +  •>  X  X  -t-  3   ^    3  X 

But,  by  reduction,  we  get  .t'  +  3x  =.  5-J. 

And  completing  the  square  x'  -f  3x  -|-  -  z=  54  -I-  -=     -~*  ; 

4  4  4 


Therefore,   x  -t- 

I     2  — 

±15—  3 


.\nd  X  ^ 


_   ±'3 
2  • 

=  6  or  —  9  miles  an  hour  for  B. 


Whence 
4  A 


x-l-3 


9  or  —  0  miles  an  hour  for  A. 
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Since  this  is  a  question  o(  motion,  it  is  evident  that  if  motion 
to  a  place  be  reckoned  positive,  motion  from  the  same  place 
must  be  reckoned  negative:  But  A  and  B  arc  niovin;;  to  a  pivcn 
place,  therefore  the  positive  numbers  6  and  9  are  taken  for  the 
respective  rates  per  hour  of  A  and  B. 

Example  6.  It  is  required  to  divide  the  number  14  into  two 
such  parts  that  their  product  shall  be  50. 

Sola.     Let  x  —  one   part ;  then  14  —  .r  =z  the  other  part ; 
Hence,  by  the  question,  a;  x  (13  —  a-)  =  50,  or  14.C  —  x>  —  50  ; 
Therefore,  a''  —  14  a-  =  —  80, 
And  x'—  14  X  +  49  =  —  50  4-  49  =  —  1,  or  X  —  7  =  + 

v/-i;  

Therefore,  .r  =z  7   +    ^  —  1. 

But  both  the  values  ofr  are  impossible,  because  the  question 
itself  is  impracticable. 

Equation  o{  Paymejits,  in  Arithmetic,  is  the  finding  the  time 
to  pay  at  once  several  debts  due  at  dillercnt  times,  and  bear- 
ing ni)  interest  till  after  the  time  of  payment,  so  that  no  loss 
shall  be  sustained  by  eitlier  party.  The  rule  commonly  iiiven 
for  this  purpose  is  as  follows  : — Slultiply  each  sum  by  the  time 
at  which  it  is  due  ;  then  divide  the  sum  of  the  products  by  the 
sum  of  the  payments,  and  the  quotient  will  be  the  lime  required. 

Thus,  for  example,  A  owes  B  £  190,  to  be  paid  as  follows  ; 
vis.  £50  at  6  months,  £60  at  7  months,  and  £80  at  10  niontlis, 
what  is  the  equated  time  at  wliicli  tlie  whole  ought  to  be  paid, 
•hat  no  loss  may  arise  either  to  debtor  or  creditor.' 

By  the  rule,  50  x  6  =  300 
60  X  7  =  4-20 
80   X    10  =   800 


190 


)  15'20(  8  monllis  equat.  time. 
15i0 


This  rule,  however,  is  founded  on  a  supposition,  that  the 
interest  of  the  several  debts  which  are  payable  before  the 
equated  time,  from  their  terms  to  that  time,  ouoht  to  be  equal 
to  the  sum  of  the  interests  of  the  debts  payable  after  the 
equated  time,  from  that  time  to  their  terms  respectively,  which, 
however,  is  not  correct,  as  it  is  only  the  discount,  and  not  the 
interest  in  the  latter  sums.  In  most  cases,  however,  that 
occur  in  business,  the  error  is  so  trifling,  that  the  popular  rule 
will  probably  always  be  made  use  of,  as  being  by  far  the  most 
eligible  and  expeditious  method  that  we  could  suggest. 

Equation,  in  Astronomy,  is  a  term  used  to  express  the  cor- 
rection or  quantity  to  be  added  to,  or  subtracted  from,  the 
mean  position  of  a  heavenly  body,  to  obtain  tlie  true  position  ; 
it  also,  in  a  more  general  sense,  implies  the  correction  arising 
from  any  erroneous  supposition  wliatever.  Thus,  for  instance, 
the  time  of  noon,  as  determined  by  taking  equal  altitudes  of  the 
sun,  is  first  obtained  by  supposing  the  sun's  declination  con- 
xlant  during  the  whole  interval,  which  false  supposition  is 
corrected  by  an  appropriate  equation. 

Equation  of  Time,  in  Astronomy,  denotes  the  difference  be- 
tween mean  and  appaient  time,  or  the  reduction  of  the  appa- 
rent unequal  time,  or  motion  of  the  sun  or  a  planet,  to  equable 
and  mean  time,  or  motion. 

.  If  the  eanh  had  only  a  diurnal  niolion,  without  an  annual, 
any  given  meridian  would  revolve  from  the  sun  to  the  sun 
again ;  in  the  same  space  of  time  as  from  any  star  to  the  same 
star  again,  because  the  sun  would  never  change  his  place  witli 
respect  to  the  stars.  But  as  the  earth  advances  almost  a  degree 
eastward  in  its  orbit  in  the  lime  that  it  turns  eastward  round 
its  axis,  whatever  star  passes  over  the  meridian  on  any  day 
with  the  sun,  will  pass  over  the  same  meridian  on  the  next  day 
when  the  sun  is  almost  a  degree  short  of  it,  that  is,  3  minutes 
.Vi  seconds  sooner.  If  the  year  coutained  only  360  days,  as  the 
ecliptic  does  360  degrees,  the  sun's  apparent  place,  so  far  as  his 
motion  is  equable,  would  change  a  degree  every  day,  and  tlien 
the  sidereal  days  would  be  4  minutes  shorter  than  the  solar. 
The  mean  and  apparent  solar  days  are  never  c(|ual,  except 
when  the  sun's  daily  motion  in  right  ascension  is  59" ;  which  is 
nearly  the  case  about  the  15th  of  April,  the  15th  of  .lune,  the 
1st  oi  .September,  and  24th  of  December,  when  the  e(pialor  is 
(Y,  or  nearly  so  ;  and  it  is  at  its  greatest  about  the  1st  of 
November,  when  it  is  Iff  11'. 


EQUATOR,  in  Astronomy  and  Geography,  is  a  great  circla 
of  the  sphere,  equally  distant  from  the  two  poles  of  the  world. 
It  is  called  the  equator,  because  when  (he  sun  is  in  this  circle 
the  days  and  nights  are  equal  in  all  parts  of  the  world.  Whence 
also  it  is  called  Eqiiinnctinl ;  and  when  drawn  on  maps  and 
planispheres,  it  is  called  the  Equinoctial  Line,  or  simply  the 
Line,  And  since  every  point  of  the  equator  is  equally  distant 
fiom  the  poles  of  the  world,  it  follows  that  the  equator  divides 
the  spheie  into  two  equal  heuiis|)heres  ;  that  towards  the  north 
pole  being  called  the  northern,  and  the  other  the  southern  hemi- 
sphere. As  equal  or  mean  time  is  estimated  by  the  passage  of 
arcs  of  the  e(|uator  over  the  meridian,  it  frequently  becomes 
necessary  to  convert  parts  of  the  equator  into  time,  and  the 
converse,  which  is  performed  by  the  following  analogy,  viz. 
As  15°  :  1  hour  ;  :  any  arc  of  the  equator  :  the  time  it  had 
been  in  passing.  Or,  conversely,  1  liour  :  15°  :  :  any  given 
time  :  the  arc  of  the  equator. — From  this  circle  are  reckoned 
the  latitude  of  places,  both  north  and  south,  in  degrees  of  the 
meridian. 

EQUATORIAL,  Universal,  or  Portable  Observatory,  is 
an  instrument  intended  to  answer  a  number  of  usehd  purpose* 
in  practical  astronomy,  independent  of  any  particular  obser- 
vatory. It  may  be  employed  in  any  steady  room  or  place,  and 
i*  performs  most  of  the  useful  problems  in  the  science,  at 
represented  in  the  figure. 

The  principal  parts  of  thii 
instrument  are,  1.  The  azimuth 
or  horizontal  circle,  E  F,  which 
represents  the  horizon  of  the 
place,  and  moves  on  a  long  axis 
Q,  called  the  vertical  axis.  2. 
The  equatorial,  or  hour-eirele, 
representing  M  N  the  equator, 
placed  at  right  angles  to  the 
polar  axis,  AB,  or  the  axis  of  the 
earth  upon  which  it  moves.  3. 
The  semicircle, D,of  declination 
on  which  the  telescope,  P  O,  is 
placed,  and  moving  on  the  axis 
of  declination,  or  the  axis  of 
motion  of  the  line  of  eollimation. 
Tlie  pins  or  screws  I,  G,  H, 
arc  used  to  adjust  the  instru- 
ment, and  place  it  perfectly 
level  by  the  spirit  levels  L,  L, 
which  transverse  at  right 
angles. 

The    peculiar    uses    of    this 

equatorial   are,  1.  To  find  the 

meridian   by    one   observation 

elevate    the    C(iuatorial    circle    to 


■6/ 

only.     For   this   purpose, 

the  co-latitude  of  the  place,  and  set  the  declination-semicircle 
to  tlie  sun's  declination  for  the  day  and  hour  of  the  day  re- 
quired ;  then  move  the  azimuth  and  hour-circles  both  at  the 
same  time,  cither  in  the  same  or  contrary  direction,  till  you 
bring  the  centre  of  the  cross  hairs  in  the  te'cscope  exactly  to 
cover  tlie  centre  of  the  sun  ;  when  that  is  done,  the  index  of 
the  hour-circle  will  give  the  apparent  or  solar  time  at  the  instant 
of  observation  ;  and  thus  the  time  is  gained,  though  the  sun  be 
at  a  distance  from  the  meridian;  then  turn  the  hour-circle  till 
the  index  points  precisely  at  twelve  o'clock,  and  lower  the 
telescope  to  the  horizon,  in  order  to  observe  some  point  there 
in  the  centre  of  the  glass,  and  that  point  is  tlie  meridian  mark 
found  by  one  observation  only  ;  the  best  time  for  this  operation 
is  three  hours  before  or  three  hours  after  twelve  at  noon. 

2.  Point  the  telescope  on  a  star,  though  not  on  the  meridian, 
in  full  day-light.  Having  elevated  the  equatorial  circle  to  the 
co-latitude  of  the  place,  and  sot  the  deiOination-semicircle  to 
the  star'.s  declination,  move  the  index  of  the  hour-circle  till  it 
shall  point  to  the  precise  lime  at  which  the  star  is  then  distant 
from  the  meridian,  found  in  tables  of  the  right  ascension  of  the 
stars,  and  the  star  will  then  appear  in  the  glass.  Besides  these 
uses  peculiar  to  this  instrument,  it  is  also  applicable  to  all  the 
purposes  to  which  the  principal  astronomical  instruments,  viz. 
a  transit,  a  quadrant,  and  an  equal  altitude  instrument,  are 
applied. 
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EQUERRY,  in  the  British  customs,  an  oflicer  of  stale, 
under  the  master  of  the  liorsc.  There  are  five  equetries,  who 
ride  abroad  wilh  his  majesty;  for  wliich  purpose  tliej  give 
their  attendance  monllily,  one  at  a  time,  and  are  alhiucd  a 
talile. 

EQUES  AuRATiis,  is  used  for  a  knight  bachelor,  called 
aniHtus,  q.A.  gilt,  because  anciently  none  but  knights  were 
allowed  to  beautify  their  armour,  or  other  habiliments  of  war, 
with  (told. 

EQUESTRIAN,  a  term  chiefly  used  in  the  phrase  equestrian 
ilatuc,  which  sijcnifies  a  person  mounted  on  horseback. 

EQUIANGULAR,  in  Geometry,  is  applied  to  ligures  whose 
angles  are  all  equal  ;  such  are  the  square,  and  all  regular 
ligures.  All  equilateral  triangles  are  also  equiangular.  An 
equilateral  ligure,  inscribed  i:i  a  circle,  is  always  ecjuiangular  ; 
but  an  equiangular  figure,  inscribed  in  a  circle,  is  not  always 
equilateral,  except  when  it  has  an  odd  number  of  sides.  If 
the  number  of  the  sides  be  even,  then  they  may  be  either  all 
equal,  or  else  half  of  them  will  always  be  equal  to  each  other, 
and  the  other  half  to  each  othar ;  the  equals  being  placed 
alternately. 

Equiangular,  is  also  applied  to  any  two  figures  of  the  same 
kind,  when  each  angle  of  the  one  is  equal  to  a  corresponding 
angle  in  the  other,  whether  each  figure,  separately  considered, 
be  an  equiangular  figure  or  not  ;  that  is,  having  all  its  angles 
equal  to  each  other.  Thus,  two  triangles  are  e(|uiangular  to 
each  other,  if  one  angle  in  each  be  of  30°,  a  second  angle  in  each 
of  5U°,  and  the  third  angle  of  each  equal  to  100^.  Equiangular 
triangles,  according  to  the  above  acceptation  of  the  term,  have 
not  their  like  sides  necessarily  equal,  but  proportional  to  each 
other  ;  and  such  triangles  are  always  similar  to  ea(^li  other. 

EQUICRURAL  Triangle,  is  what  we  more  usually  call  an 
isosceles  triangle.  The  term  is  derived  from  aquus,  equal,  and 
crura,  legs,  equal  leys. 

EQUICULUS,  Eiu'ULEUS,  or  Eouus  Minor,  in  Astronomy, 
a  constellation  in  the  northern  hemisphere. 

EQUIUIFFEKENT,  in  Arithmetic,  is  when,  in  a  scries  of 
quantities,  there  is  the  same  dilfcrence  between  the  first  and 
second,  as  between  the  second  and  third,  third  and  fourth,  &c. 
and  they  are  then  said  to  be  continually  equidillerent ;  but  if, 
in  a  scries  of  quantities  there  be  only  the  same  dilfcrence 
between  tlic  first  and  second,  as  between  the  third  and  fourth, 
fifth  and  sixth,  &c. ;  then  they  are  said  to  be  discreetly  equi- 
dilferent.  Thus  3,  0.  7,  and  10,  are  discreetly  equidiilcreut ; 
and  ,3,  6,  and  [)  continually  equidificrcnt. 

EQUIDISTANT,  in  Geometry,  a  term  of  relation  between 
two  things  which  are  every  wliere  at  the  same,  or  at  equal 
distances,  from  each  other. 

Equidistant  Ortlinali's,  Method  of,  is  an  ai)proximation 
towards  the  area  of  a  figure  bounded  by  a  right  line  and  curve. 
Having  measured  any  odd  number  of  e<|uidistant  ordinates, 
put  the  sum  of  the  first  and  last  zz  A,  the  sum  of  the  second, 
fourth,  sixth,  &c.  :=  U,  the  sum  of  all  the  others  .=.  C,  and  the 

common  distance  of  the  ordinates  ^  D  ;  then  — — — r, 

o 

X  D  r:  area  nearly.  And  the  same  formula  is  applicable  to 
the  mensuration  of  solids,  by  taking  the  sections  instead  of  the 
ordinates. 

EQUILVTERAL,  (from  aqviis  and  latus,  side,)  is  applied  to 
those  figures  whose  sides  are  all  equal.  Thus,  an  e(|uilateral 
triangle  is  that  whose  sides  are  all  c<|ual.  To  find  the  area  of 
an  equilateral  triangle,  multiply  the  square  of  the  side  by  \  .J  3. 

EQUILI I5RIUM  Equipoisiui,  in  Mechanics,  means  an 
equality  of  forces  acting  in  opposite  directions,  whereby  the 
body  acted  upon  reiniiins  at  rest,  or  in  ciiuilibrio,  in  whic'h 
state  the  least  additional  force  being  applied,  on  either  side, 
motion  will  ensue.  A  body  in  motion  is  also  said  to  be  in  equi- 
librio,  when  the  power  producing  the  motion,  and  the  force 
whereby  it  is  resisted,  are  so  adjusted  that  the  motion  may  be 
uniform. 

EQUIMULTIPLES,  the  products  arising  from  the  mnllipli- 
cnlion  of  any  two  or  more  primitive  quantities,  by  the  same 
number  or  qnaiility. 

Thus,  3«,  36^ 

nn,  nby   arc  equimultiples  of  n  and  b. 
711  a,  m  bj 


Equimultiples  of  any  (juantitics  have  the  same  ratio  as  Uie 
quantities  themselves;  thus,  a  :  b  :  :  na  :  nb ;  and  a  :  b  :  : 
ma  :  m  b, 

EQUINOCTIAL,  in  Astronomy,  a  great  circle  of  the  sphere, 
under  vshieh  the  equator  moves  in  its  diurnal  motion.  Tin- 
equinoctial  is  conceived,  by  supposing  a  scmidiameter  of  the 
sphere  produced  from  a  point  of  the  equator,  and  there,  by  the 
rotation  of  the  sphere  about  its  axis,  describing  a  circle  on  the 
immoveable  surface  of  the  heavens.  The  poles  of  this  circle  are 
the  poles  of  the  world.  The  sphere  is  divided  by  it  into  two 
equal  parts,  the  northern  and  southern.  It  intersects  the 
horizon  of  any  place  in  the  east  and  west  points  ;  and  at  the 
meridian,  its  elevation  above  the  horizon  is  equal  to  the  co- 
latitude  of  the  place.  Whenever  the  sun,  in  his  progress 
through  the  ecliptic,  conies  to  this  circle,  it  makes  equal  days 
and  nights  in  all  parts  of  the  globe;  as  he  then  rises  due  east, 
and  sets  due  vtest,  which  he  never  does  at  any  other  lime  of 
the  year.  And  hence  the  denomination  fiom  </</khs  and  nor, 
because  dai/  and  niyht  are  equal.  All  the  stars  under  this 
circle,  or  that  have  no  declination,  rise  due  cast,  and  set  due 
west.  The  equinoctial,  then,  is  the  circle  which  the  suu 
describes,  or  appears  to  describe,  at  the  time  of  the  equinoxes, 
that  is,  when  the  length  of  the  day  is  every  where  equal  to  that 
of  night,  which  happens  twice  a  year.  From  this  cinle  is  the 
declination  in  the  heavens,  or  latitude  of  places  on  the  earth, 
counted  in  degrees  of  the  meridian.  Upon  this  circle  is  reck- 
oned the  longitude  180°  west,  and  180°  east  ;  an<i  in  all  360°. 
Hence  1°  of  longitude  answers  to  4' of  time,  1.V  to  1'  of  lime, 
and  r  to  4"  of  time,  tec.  The  shadows  of  those  who  live  under 
this  circle  are  c.TSt  to  the  southward  for  one  half  of  the  year, 
and  to  the  northward  during  the  other  half;  and  twice  in  a 
year,  viz.  at  the  equinoxes,  the  sun  at  noon  casts  no  shadow, 
being  in  their  zenith. 

Equinoctial  Colure,  is  that  passing  through  the  equinoctial 
points.     See  Colure. 

Equinoctial  Dial,  is  one  whose  plane  is  parallel  to  the 
equinoctial.  The  properties  or  principles  of  this  dial  arc  : 
1.  The  hour  lines  are  all  equally  distant  from  one  another, 
quite  round  the  circumference  of  a  circle  :  and  the  style  is  a 
straight  pin,  or  wiic,  set  up  in  the  centre  of  the  circle,  perpen- 
dicular to  the  plane  of  the  dial.  2.  The  suu  shines  upon  the 
upper  part  of  this  dial-plane  from  the  'ilst  of  March  to  the  23d 
of  September,  and  upon  the  under  part  of  the  plane  the  other 
half  of  the  year. 

Equinoctial  Points,  are  the  two  points  wherein  the  equator 
and  ecliptic  intersect  each  other  ;  the  one,  being  in  the  first 
point  of  Aiics,  is  called  the  vernal  point;  and  the  other,  in  the 
first  point  of  Libra,  the  autumnal  point. 

EQUlNocriAL  Gales,  storms  which  are  observed  generally  to 
take  place  about  the  time  of  the  sun's  crossing  the  equator  or 
eejuinoctial  line,  at  which  time  there  is  equal  day  and  night 
throuKhnut  the  world. 

EQUINOX,  in  Astronomy,  the  time  when  the  sun  enters  one 
of  the  equinoctial  points.  The  equinoxes  happen  when  the 
sun  is  in  the  equinoctial  circle  ;  when  of  consc(|neiiee  the  days 
are  equal  to  the  nights  tlirouglioul  the  world,  which  is  the  ease 
twice  a  year,  li;.  about  the  '21st  of  March  and  the  '23d  of  Sep- 
tember ;  the  first  of  which  is  the  vernal,  and  the  second  the 
autumnal  equinox.  It  is  found  by  observation,  that  the  equi- 
noctial points,  and  all  the  other  points  of  the  ecliptic,  are  con- 
tinually moving  backward,  or  westward  ;  which  retrograde 
motion  of  the  equinoctial  points,  is  what  is  called  l\\c precession 
ol'  the  equinoxes.     Sec  I'uEci.sslON. 

It  appears  from  the  result  of  calculations,  that  the  path  of 
eitlier  of  the  poles  is  a  circle,  the  poles  of  which  coincide  with 
those  of  the  ecliptic,  and  that  the  pole  vnli  move  along  that 
circle  so  slowly  as  to  accomplish  the  whole  revolution  in  about 
'2C>,'!i)l  years  nearly.  The  diameter  of  this  circle  is  equal  to 
twice  the  inclination  of  the  ecliptic  to  the  equator,  or  about  47 
degrees.  Now,  as  the  ecliptic  is  a  fixed  circle  in  the  heavens, 
but  the  equator,  which  must  be  equidistant  fioiu  the  poles, 
moves  with  the  poles,  therefore  the  ecpialor  must  be  constantly 
changing  its  iiilerscction  with  the  ecHptic.  And  from  the  best 
observations  it  appears,  that  tin;  equator  cuts  the  ecliptic 
every  year  50  seconds  "26,  more  to  the  westward,  than  it  did 
the  year  before;  hence  the  sun's   arrival   at   the   e(|ninoctial 
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point  precedes  its  arrival  at  the  same  fixed  spot  of  the  heavens 
every  jear  by  20  minutes  23  seconds  of  time,  or  by  an  arc  of 
.'0  seconds  -25.  Thus,  by  little  and  by  little,  llicse  equinoctial 
points  will  cut  the  ecliptic  more  and  more  to  the  westward,  till 
after  2,'),791  years,  they  return  to  the  same  point  precisely. 

EQUITY,  quasi  etqualitas.  is  s^nerally  understood  in  Law, 
a  liberal  correction,  or  qualification  of  the  law,  where  it  is  too 
strict,  too  confined,  or  severe,  and  is  sometimes  applied  where, 
by  the  words  of  a  statute,  a  case  does  not  fall  within  it,  yet 
being  within  the  mischief,  the  judges,  by  an  equitable  construc- 
tion, have  extended  its  application  to  that  case.  Equity  is 
understood  as  a  correction  of  the  law  ;  and  hence,  the  court  of 
chancery,  and  the  court  of  exchequer,  act  as  courts  of  equity  ; 
they  are  also  courts  of  law.  There  are  some  cases  which 
belong,  peculiarly,  to  a  court  of  chancery,  as  the  care  of 
infants,  and  appointing  guardians  to  them,  so  of  lunatics  and 
charities,  in  which  the  chancellor  acts  for  the  kin^  as  keeper  of 
his  conscieuce.  In  other  cases,  as  in  the  cases  of  trust,  matters 
of  fraud,  account,  suits  for  a  discovery,  matters  of  accident, 
and  the  like,  courts  of  equity  act  in  aid  of  the  courts  of  law, 
and  give  relief  where,  from  the  nature  of  the  case,  a  court  of 
law  cannot  relieve.  Thus,  where  an  agreement  is  to  be  per- 
formed, courts  of  law  can  only  give  damages  for  the  breach, 
but  a  court  of  equity,  taking  all  the  circumstances  into  consi- 
deration, directs  and  enjoins  a  specific  performance  of  it 
according  to  good  conscience.  So,  where  it  apprehends  an 
injury  likely  to  be  done,  it  will  interfere  to  prevent  it. 

Equity  of  Iledeniption.  Upon  a  mortgage,  although  the 
estate  upon  nonpaunent  of  the  money  becomes  vested  in  the 
mortgagee,  yet  equity  considers  it  only  a  pledge  for  the  money, 
and  gives  the  party  a  right  to  redeem,  which  is  called  his 
equity  of  redemption.  If  the  mortgagee  is  desirous  to  bar  the 
equity  of  redemption,  he  may  oblige  the  mortgagor  either  to 
pay  the  money,  or  be  foreclosed  of  his  equity,  which  is  done  by 
proceedings  in  chancery  by  bill  of  foreclosure. 

KQUUS,  t/ie  Horse,  a  genus  of  the  mammalia  class,  of  the 
order  of  bellua;. 

EQUULErS,  Equiculus,  and  Eql'US  Minor,  the  Horse's 
Head,  one  of  the  northern  constellations,  which  represents,  ac- 
cording to  the  poets,  the  horse  which  Mercury  gave  to  Castor, 
and  which  he  named  Celeris.  From  the  imperfect  representation 
of  the  animal  in  this  constellation,  the  head  only  being  imagined, 
it  has  obtained  llie  name  oi'  Equi  Sectio.  Pegasus,  we  suspect, 
being  a  symbol  that  perpetuates  the  first  emigration  of  the 
Cimri.  Can  the  Little  Horse  be  a  chronological  symbol  of  the 
second  irruption  of  the  northeastern  nomadic  nations  into 
Egypt  somewhere  about  2500  years  ago  ^.—Boundaries  and 
Contents.  North  and  west  by  Dclphinus,  south  by  Aquarius, 
east  and  north  by  Pegasus;  right  ascension  310°,  declination 
north  5°.     Number  of  stars,  10. 

ERATOSTHENES,  a  Greek  of  Cyrene,  librarian  of  Alex- 
andria, under  King  Euergetes,  son  of  Ptolemy  Pliiladelphus.  He 
died  194  years  before  Christ;  and  was  called  the  Cosmographer, 
because  he  was  the  first  who  discovered  the  method  of  measur- 
ing the  bulk  and  circumference  of  the  earth. 

ERICA,  Heath,  a  genus  of  the  nionogynia  order,  in  the 
octandria  class  of  plants,  and  in  the  natural  method  ranking 
nnder  the  IStli  order,  bicornes.  There  are  upwards  of  100 
species,  four  of  which  are  natives  of  Britain. 

ERIDANUS,  or  The  RiviLii  Po,  is  a  much  fabled  constel- 
lation; but  we  may  notice  chiefly  the  story  which  attriljules  its 
celestial  honours  to  the  accidental  circumstance  of  Phaeton's 
fumbling  into  it  when  Jove  hurled  the  daring  charioteer  from 
the  skies.  In  its  vicinity  the  sisters  of  that  rash  youth  were 
metamorphosed  into  poplars,  and  their  tears  into  amber,  an 
article  which,  however,  is  found  chicfiy  on  (he  Baltic  Prussian 
shores.  If,  however,  we  refer  the  stream  of  Orion  to  the 
Deluge,  the  constellation  of  that  name  being  taken  as  a  type  of 
the  diliivian  Patriarch,— the  River  of  Aquarius,  which  Piscis 
Australis  appears  to  swallow,  may  then  indicate  the  recession 
of  the  waters  from  the  submerged  earth,  and  their  confinement 
within  the  bed  of  the  ocean,  a  iisli  being  the  hieroglyphic  of  the 
great  deep;— or  the  Eridanus  may  have  allusion  to  the  same 
catastrophe  ;  for  the  termination  of  the  stream  in  the  horizon 
might,  to  the  people  of  Egypt,  indicate  its  being  sviallowed  up 
by  Typhon,  the  loner  hemisphere,— or  the  ocean. 
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The  boundaries  and  contents  of  this  immense  constellation, 
wind  from  Orion  to  Cetus,  and  thence  in  a  serpentine  form  to 
the  Phoeni.x.  According  to  the  Britannic  Catalogue,  there  are 
eighty-four  stars  in  Eridanus,  viz.  one  of  the  1st  magnitude, 
one  of  the  2d,  eight  of  the  3d,  twenty-one  of  the  4th,  Sec.  The 
brilliant  called  Ackernar,  of  the  first  magnitude,  has  1  ho.  31 
mi.  4  sec.  right-ascension  in  Time,  or  in  degrees  of  the  Equa- 
tor, 22"^  40',  and  5S°  b'  35"  declination  S. ;  of  course  it  is  never 
visible  in  our  northern  latitudes.  It  culminates  half  an  hour 
before  the  chief  star  in  Aries,  or  by  the  following  table  in 
astronomical  time: 

j    Month.  C 

ho. 
22 
20 
18 
lb 

The  course  of  the  Eridanus  is  easily  traced  from  Rigel  in  the 
foot  of  Orion,  and  under  the  Bull  to  Cetus,  and  thence  S.  E. 
and  S.  W.,  till  it  is  lost  in  tUe  horizon,  or  more  properly  in  its 
termination  at  the  Pluenix. 

ERINACEUS,  Hedyehog,  a  genus  of  quadrupeds  of  the 
order  of  feras. 

ERROR,  in  Law,  .signifies  an  error  in  pleading,  or  in  the 
process;  and  the  writ  which  is  brought  for  remedy  thereof,  is 
called  a  writ  of  error. 

Error,  in  Astronomy,  is  the  dilference  between  the  places 
of  any  of  the  heavenly  bodies,  as  determined  by  calculation 
and  observation.  Thus  the  error  in  the  lunar  tables  is  the  dif- 
ference between  the  place  of  the  moon,  as  given  in  the  tables, 
and  as  determined  by  observation  ;  and  this  error  is  marked 
with  the  sign  -1-  or  — ,  according  as  it  is  to  be  added  to  or  sub- 
tracted from  the  tabular  result. 

ERUCTATJONS,  in  Medicine,  the  effect  of  flatulent  foods, 
and  the  consequent  crudities. 

ERUPTION,  in  Medicine,  a  sudden  and  copioas  excretion 
of  humours,  and  the  same  with  exanthema,  or  breaking  out ;  as 
the  pustules  of  the  plague,  small-pox,  measles,  ike. 

ERYSIPELAS,  in  Medicine,  an  erruptjon  of  a  fiery  or  acrid 
humour  which  chielly  attacks  the  face. 

ESCALADE,  in  War,  a  furious  attack  of  a  yiaW  or  a  ram- 
part;  carried  on  with  ladders,  to  pass  the  ditch  or  mount  the 
rampart,  w  ithout  proceeding  in  form,  breaking  ground, or  carry- 
ing on  resular  woiks  to  secure  the  men. 

ESCAPE,  in  Law,  is  where  a  person  arrested  gains  his 
liberty  before  he  is  delivered  by  law.  Escapes  are  either  in 
civil  or  criminal  cases  ;  and  may  be  distinguished  into  volun- 
tary and  negligent;  voluntary,  where  it  is  with  the  consent  of 
the  keeper;  negligent,  where  it  is  for  want  of  due  care.  In 
civil  cases,  after  the  prisoner  has  been  suffered  voluntarily  to 
escape,  the  sheriff  ciin  never  after  retake  him,  and  must  answer 
for  the  debt,  but  the  plaintiff  may  retake  him  at  any  time.  In  the 
case  of  a  negligent  escape,  the  sheriff,  upon  fresh  pursuit,  may 
retake  the  prisoner,  and  the  sherilf  shall  bo  excused  if  he  has 
him  again  before  any  action  is  brought  against  himself  for  the 
escape.  In  criminal  cases,  an  escape  of  a  person  arrested  is 
an  ollenee  asaiust  public  justice,  and  the  party  is  punishable 
by  fine  and  imprisonment. 

ESCHEAT,  in  Law,  denotes  an  obstruction  of  the  course  of 
descent,  and  a  consequent  determination  of  the  tenure  by  some 
unforeseen  contingency  ;  in  which  case,  the  land  naturally  re- 
sults back  to  the  original  sraiitor,  or  lord  of  the  fee. 

ESCUTCHEON,  in  Heraldry,  is  derived  from  the  French 
escusson,  and  that  from  the  Latin  scutum,  signifying  the  shield 
whereon  coats  of  arms  are  represented. 

Escutcheon,  o/'/-';f<(;)ice,  that  on  which  a  man  carries  his 
wife's  coat  of  arms;  being  an  heiress,  and  having  issue  by  her. 
It  is  placed  over  the  coat  of  the  husband. 

Escutcheon,  the  compartment  in  the  middle  of  the  ship's 
stern,  where  her  name  is  written. 

ESOX,  Pilie.  a  genus  of  fishes  of  the  order  abdominales. 
The  common  pike  is  a  native  of  most  of  the  lakes  and  smaller 
rivers  in  Europe,  but  the  largest  are  those  of  Lapland,  which 
are  sometimes  eii;ht  feet  in  length.  The  largest  in  this  conn 
try  is  said  to  have  weighed  thirty-five  pounds.  The  head  of 
the  pike  is  flat;  the  upper  jaw  broad,   and  shorter  than  the 
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lower,  the  teeth  are  very  sharp,  and  the  number,  not  less  than  I 
seven  huiitlred,  without  rfickoninj;  those  nearest  the  throat:  it 
is  also  to  be  obscrvt-d,  Uiat  tliose  which  are  situated  on  the 
jaws  are  alternately  fixed  and  moveable  ;  tlie  pape  is  very  wide, 
a;id  the  eyes  small.  Tlic  usual  colour  of  tliis  (isli  is  a  pale 
olive-gray,  deepest  on  the  back,  and  marked  on  the  sides  by 
yellowish  spots  :  the  abdomen  is  white,  spotted  with  black. 

ESPALIERS,  rows  of  trees  planted  about  a  fjardcn,  and 
trained  up  regularly  to  a  lattice  of  wood-work  in  a  close  hedge, 
for  the  defence  of  tender  plants. 

ESPLANADE,  in  Fortification,  the  sloping  of  the  parapet  of 
the  covered  way  towards  the  champaign  ;  tlie  same  «ilh  glacis. 

ESPLEES,  in  Law,  the  general  products  which  lands  yield, 
or  the  profit  or  commodity  which  is  to  be  taken  or  made  of  a 
thing. 

ESQUIRE,  anciently  the  person  that  attended  a  knight  in 
the  time  of  war,  and  carried  his  shield.  Those  to  whom  the 
title  of  esquire  is  now  of  right  due,  arc  all  noblemen's  jounger 
sons  ;  and  the  eldest  sons  of  such  younger  sons  ;  the  eldest 
sons  of  knights,  and  their  eldest  sons  ;  the  ollieers  of  the  king's 
courts,  and  of  his  household  ;  counsellors  at  law,  justices  of 
the  peace,  &c.,  though  those  latter  are  only  esquires  in  reputa- 
tion:  besides,  a  justice  of  the  peace  holds  this  title  no  longer 
than  he  is  in  commission,  in  case  he  is  not  otherwise  qualified 
to  bear  it ;  but  a  shcrilf  of  a  county,  who  is  a  superior  officer, 
retains  the  title  of  escjuirc  during  life,  in  conseciuence  of  the 
trust  once  reposed  in  him  ;  the  heads  of  some  ancient  families 
arc  cs(|uircs  by  prescription. 

ESSENCE,  in  Philosophy,  the  particular  nature  of  each 
genus  or  kind,  and  that  which  distinguishes  it  from  all  others. 

ESSENTIAL  Salt  of  Ltmons.  Four  ounces  of  cream  of 
tartar,  and  eight  ounces  of  sal  aeeloselhe  ;  well  mixed  together. 

ESSOIN,  in  Law,  an  excuse  for  a  person  sununoned  to 
appear  and  answer  to  an  action,  on  account  of  sickness  or 
other  just  cause  of  absence. 

Essoin  />«//,  the  first  day  of  every  terra,  though  the  fourth 
day  after  is  also  allowed  by  way  of  indulgence. 

ESTATE,  in  Law,  signilics  such  inheritance,  freehold,  term 
for  years,  tenantcy  by  statute-merchant,  staple,  elegit,  or  the 
like,  as  any  man  has  in  lands  and  tenements.  Estates  are 
real  of  lands,  tenements.  Sec  ,  or  personal,  of  goods  or  chattels  ; 
otherwise  disiinguislied  into  freeholds  that  descend  to  the  heir, 
and  chattels  which  go  to  the  executors. 

ESTIVAL,  belonging  to,  or  continuing  for,  the  summer. 

ESTOPPEL,  in  Law,  an  impediment  or  bar  to  an  action, 
which  arises  from  a  person's  ov\n  act ;  or  where  he  is  forbidden 
by  law  to  speak  against  his  deed,  which  he  may  not  do,  even 
to  plead  the  truth. 

ESTOVERS,  in  Law,  a  liberty  of  taking  necessary  wood  for 
the  use  or  furniture  of  a  house  or  farm. 

ESTRAYS  AND  WAIFS.  Estrays  are  any  valuable  beasts, 
not  wild,  found  within  a  lordship  whose  owner  is  not  known  ; 
such  as  are  connnonly  impounded  and  not  claimed.  They  are 
then  to  be  proclaimed  in  the  chur'Ji  and  two  nearest  market- 
towns,  on  two  market-days,  and  not  being  claimed  by  the 
owner,  belong  to  the  king,  and  now  commonly,  by  grant  of  the 
crown,  to  the  lord  of  the  manor,  or  the  liberty. — Waifs  are 
goods  which  are  stolen,  and  waved,  or  left  by  the  felon  on  his 
being  pursued,  for  fear  of  being  apprehended ;  and  forfeited  to 
the  king  or  lord  of  the  manor. 

ESTREAT,  in  Law,  is  a  true  copy  or  note  of  some  original 
writing  (m  record. 

ETCHING,  one  species  of  engraving  on  copper,  the  lines 
being  corroded  in  with  acpia  forlis,  instead  of  being  cut  with  a 
graver,  which,  for  many  purposes,  is  superior  to  engraving; 
but  there  are  others  in  which  Ihc  subjects  must  be  graved,  not 
etched.  In  general,  in  engravings  on  copper  executed  in  the 
stroke  manner,  etching  and  graving  are  combined  ;  the  plate  is 
begun  by  etching,  and  finished  with  the  graver.  Landscapes, 
architecture,  and  machinery,  receive  most  assistance  from 
etching,  which  is  not  so  applicable  to  portraits  and  historical 
designs,  though  in  these  also  it  has  a»\ilace. 

The  various  instruments  and  materials  used  in  the  art,  are — 

Copprf-plali:s,  prepared  by  the  coppersmiths. 

Eti-lnnij-jiuinls,  or  ncrdlts,  of  steel,   an   inch   long,   fixed    in 
handles  of  wood   about  si.\  inches  in  length,  and  of  the  size  of 
30. 


a  eoose-quill.  These  should  be  well  tempered,  and  accurately 
fixed  in  the  centre  of  the  handle.  They  are  brought  to  an  accu- 
rately conical  point,  by  rubbing  upon  an  uit-sloiie. 

A  puiallel  ruler,  for  drawing  parallel  lines,  is  faced  with 
brass,  not  to  be  bruised  by  accident. 

Compasses,  for  describing  circles  and  measuring  distances. 

Aquafortis,  or  what  is  better,  spirits  of  nitre  (nitrous  acid>, 
to  corrode  the  copper  ;  a  process  called  hitiny  in.  This  liipiid  is 
kept  in  a  bottle  with  a  glass  stopper,  as  its  fumes  destroy 
corks.  A  stopper  of  wax,  or  a  cork  vtxll  covered  v»ith  wax, 
will  serve  as  a  substitute. 

Bordering-wax.  for  surrounding  the  margin  of  the  copper- 
plate, when  the  aqua  fortis  is  pouring  on,  may  be  bought 
ready  prepared,  or  made  thus  :  Take  one-third  of  bees-wax  to 
two-thirds  of  pitch  ;  melt  them  in  an  iron  ladle,  and  pour  them, 
when  melted,  into  water  lukewarm;  then  mould  it  «ith  your 
hand  till  it  is  thoroughly  incorporated,  and  all  the  water 
squeezed  out.     Form  it  into  rolls  of  convenient  size. 

Turpentine-varnish,  for  covering  the  coppcr-plafe,  in  any 
part  where  you  do  not  wish  the  aqua  fortis  to  bite,  is  diluted 
to  a  proper  consistence  with  turpentine,  and  mixed  with  lamp- 
black, to  be  seen  better  when  laid  upon  the  plate. 

Ete/iinff-r/round,  for  covering  all  over  the  plate,  previous  to 
drawing  with  the  needles,  is  prepared  thus  :  Take  of  virf;iii- 
wax  and  asphaltum,  each  twenty  ounces  ;  of  black-pitch  and 
Burgundy-pitch,  each  half  an  ounce;  melt  the  wax  and  pitch 
in  a  new  earthenware  glazed  pipkin,  and  add  to  them,  \>\  de- 
grees, the  asphaltum  finely  powdered.  Let  the  w  hole  boil  till 
such  time  as  a  drop  of  it  upon  a  plate  will  break  when  it  is 
cold,  or  bending  it  double  two  or  three  times  between  the 
fingers.  The  varnish  being  then  boiled  enough,  is  taken  from 
the  fire,  and  cooled  a  little,  and  poured  into  warm  water,  that 
it  may  work  the  more  easily  with  the  hands,  into  halls  for  use. 
The  fire  must  not  be  too  violent,  lest  the  ingredients  burn  ;  a 
slight  simmering  will  be  surticicnt;  that  while  the  asphaltum  is 
putting  in,  and  after  it  is  mixed  with  them,  the  ingredients 
shoulci  be  stirred  with  a  spatula;  the  water  into  which  this 
composition  is  thrown,  should  be  nearly  of  the  same  degree  of 
warmth  with  the  composition,  to  pren-nt  a  kind  of  cracking, 
which  happens  when  the  water  is  cold.  The  varnish  ought  to 
be  harder  in  summer  than  winter;  it  will  become  so  if  it  be 
sufi'ered'to  boil  longer,  or  a  greater  proportion  of  the  asphaltum 
be  used.  The  experiment  above  mentioned,  of  the  drop  suf- 
fered to  cool,  will  determine  the  degree  of  hardness  o>  softness 
suitable  to  the  season  when  used. 

To  lutf  the  ground  for  eleliing,  we  clean  the  copper-plate  with 
fine  whiting  and  a  linen  rag,  to  free  it  from  grease;  and,  as  a 
handle  lor  managing  it  by  when  warm,  we  fix  a  band-vice  to 
some  part  of  it  where  no  work  is  intended  to  be  Inid.  We 
then  hold  the  plate  over  burning  paper  or  a  ehaling-ilish,  to 
heat  it,  so  as  to  melt  the  etching-ground,  which  should  be 
wrapped  up  in  a  bit  of  tafi'cta,  to  prevent  any  dirt,  that  may 
happen  to  be  among  it,  from  mixing  with  what  is  meltcil  upon 
the  plate.  It  must  Ik;  heated  just  sullicient  to  melt,  not  to 
burn  the  ground.  When  a  sufiicient  quantity  of  the  etching- 
ground  has  been  rubbed  on  the  plate,  dab  it,  or  beat  it  gently, 
while  the  plate  is  hot,  with  a  small  dabber  made  of  cotton 
wrapped  in  tallcty.  By  this  operation,  the  ground  is  distributed 
more  equally  over  the  plate,  than  by  any  other  means.  When 
the  plate  is  thus  unil'orndy  and  thinly  covered  with  the  varnish, 
it  is  blackened  by  snmkiiig  it  with  a  wax-taper,  thus:  Twist 
together  three  or  four  pieces  of  wax-taper  to  make  a  large 
fiamc,  and  while  the  plate  is  still  warm,  hold  it  with  the 
^a!■nishell  side  downwards,  and  move  the  smokv  pnrtoflhe 
lighted  taper  over  its  surface,  till  it  is  almost  bbick  ;  but  let 
not  the  wick  touch  the  varnish,  lest  it  get  smeared  or  sl.iincd. 
In  laying  the  eteliinggrnund,  take  care  that  no  particles  of 
dust  settle  upon  it.  as  that  would  be  found  troublesome  in 
clehing  ;  the  room  therefore  in  which  it  is  laid  should  be  still, 
and  free  from  dust. 

The  ground  being  laid,  and  suffered  to  cool,  the  next  opera- 
tion is  to  Irnnsfer  the  design  to  the  plate.  For  this  purpose  a 
tracing  on  oiled  paper  is  made  from  the  design  to  be  etched, 
with  pen  and  ink,  having  a  very  small  quantity  of  ox's  gall 
mixed  with  it,  to  make  the  oiled  paper  take  it;  also  a  piece  of 
thin  paper,  of  the  same  size,  is  rubbed  over  with  red  chalk, 
4  B 
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powdered,  by  means  of  some  cotton.  Then  lajin^  the  red 
chalked  paper,  with  its  chalked  side  next  the  fcroiind,  on  the 
plate,  put  the  tracing  over  it,  and  fasten  them  both  tofjether, 
and  to  the  plate,  by  a  little  bit  of  the  borderins  wax.  When 
all  this  is  prepared,  with  a  blunt  etching  needle  ro  gently  all 
over  the  lines  in  the  tracing,  and  the  chalked  paper  will  be 
pressed  against  the  ground,  and  the  lines  of  the  tracing  trans- 
ferred to  it. 

The  plate  is  now  prepared  for  drawing  through  the  lines 
marked  upon  the  ground.  'I  he  etching-points  or  needles  are 
now  employed,  leaning  hard  or  lightly,  according  to  the  degree 
of  strength  required  in  the  lines.  Points  of  dillerent  sizes  and 
forms  are  also  used,  to  make  lines  of  diflerent  thickness,  though 
this  is  commonly  etiected  by  the  biting-in  with  aqua  tortis.  A 
margin  or  border  of  wax  formed  all  round  the  plate,  holds  the 
aqua  forlis  when  it  is  poured  on.  The  bordering  wax  already 
described,  is  put  into  lukewarm  water  to  soften  it,  and  render 
it  easily  worked  by  the  hand.  When  sufficiently  pliable,  it  is 
drawn  into  rolls,  and  put  round  the  edges  of  the  plate,  in  a 
neat  wall  or  margin.  A  spout  is  formed  in  one  corner,  by  which 
afterwards  to  pour  olf  the  aqua  fortis. 

The  nitrous  acid  (spirits  of  nitre)  is  now  diluted  with  four  or 
five  times  as  much  water,  or  more  (according  as  you  wish  the 
plate  to  be  bit  quick  or  slow,)  and  poured  upon  the  plate.  In 
a  few  minutes  minute  bubbles  of  air  will  fill  all  the  lines  drawn 
on  the  copper.  These  are  removed  by  a  feather ;  and  the  plate 
is  every  now  and  then  swept,  as  it  is  called,  or  kept  free  from 
air  bubbles.  By  the  more  or  less  rapid  production  of  these 
bubbles,  you  judge  of  the  rapidity  with  v\hich  the  acid  acts 
upon  the  copper.  The  biting-in  of  the  plate  is  the  most  un- 
certain part  of  the  process,  nothing  but  experience  can  enable 
any  one  to  tell  when  it  is  bit  enough,  as  the  thicknes*  ami  depth 
of  the  line  cannot  easily  be  seen  till  the  ground  is  removed. 

Wlien  you  judge,  from  the  tin)e  the  acid  has  been  on,  and 
the  rapidity  of  the  biting,  that  those  lines  yt)u  wish  to  be  the 
faintest  are  deep  enough,  you  pour  off  tlie  aqua  fortis  by  the 
spout,  wash  the  plate  with  water,  and  dry  it.  so  as  not  to  melt 
the  ground.  Those  lines  not  intended  to  be  bit  any  deeper  are 
now  stopped  up  with  turpentine  varnish  mixed  with  lamp- 
black, and  laid  on  with  a  camel's  hair  pencil;  when  this  is 
thoroufflily  dry,  the  aqua  fortis  is  poured  on  again,  to  bite  the 
other  lines  that  are  to  be  deeper. 

This  process  of  stopping  out  and  bitting  in  is  to  be  repeated 
as  often  as  lines  of  dillerent  degrees  of  thickness  are  to  be 
made.  It  is  necessary  also  to  be  careful  to  stop  out,  with  the 
varnish,  those  parts  from  wliich  the  ground  may  have  come  olf 
hy  the  action  of  the  acid,  else  parts  will  be  bit  that  were  not 
intended.     This  is  caUed  foul- bilint/. 

When  the  biting-in  is  finished,  remove  the  borderlng-wax 
and  the  ground,  that  you  may  see  what  success  you  have  had. 
To  take  olf  the  bordering-wax,  the  plate  is  heated  by  a  piece 
of  lighted  paper,  which  softens  the  wax  in  contact  with  the 
plate,  and  it  comes  olf  clean.  Oil  of  turpentine  is  now  poured 
upon  the  ground,  and  the  plate  rubbed  with  a  linen  rag,  to 
remove  all  the  ground.     Lastly,  it  is  cleaned  with  whiting. 

The  success  of  the  etching  is  now  known,  but  it  is  necessary 
to  get  an  impression  upon  paper  by  a  copper-plate  printer. 
Tliis  impression  is  called  a  prouf.  If  any  parts  are  not  bit  so 
deep  as  «ere  intended,  the  process  is  repeated,  provided  the 
lines  are  not  too  faintly  bit.  This  rebiting  is  done  as  follows  : 
melt  some  of  the  etching-ground  on  a  spare  piece  of  copper, 
dab  it  a  little,  to  get  some  on  the  dabher;  clean  out  with  whit- 
ing the  lines  that  arc  to  be  re-hit,  heat  the  plate  gently,  dab  it 
lightly  with  the  dabber,  and  the  parts  between  the  lines  will  be 
covered  with  the  groun<l.  but  the  lines  themselves  will  not  be 
filled  up,  and  consequently  will  be  exposed  to  the  action  of 
the  aqua  fortis.  This  delicate  process  must  be  performed  with 
great  care.  The  rest  of  the  plate  is  now  varnished  over,  the 
bordeiing-wax  put  on  again,  and  the  biting  repeated  as  at  first. 
Should  any  part  be  bit  too  deep,  it  is  recovered  or  made 
fainter,  by  burnishing  the  part  down,  or  rubbing  it  with  a 
piece  of  charcoal,  which  will  make  the  lines  shallower,  and 
cause  them  not  to  print  so  black.  Should  any  small  parts  of 
the  lines  have  missed  in  the  biting,  they  are  cut  with  the  graver, 
which  is  also  sometimes  employed  to  cross  the  lines  of  the 
etching  and  give  it  a  more  finished  eflect. 


Dry-jjohit'mg,  another  met-hod  for  softening  the  harsh  effects 
usually  apparent  in  an  etching,  is  done  by  cutting  with  the 
etching-point  upon  the  copper  without  any  ground  or  varnish. 
This  process  does  not  make  a  deep  line,  and  is  used  for  cover- 
ing the  light,  where  delicate  tints  and  soft  shadows  arc  wanted. 
B>  varying  these  processes  of  etching,  graving,  and  dry-point- 
ing, as  may  be  necessary,  the  plate  is  worked  up  to  the  full 
efiect  intended,  and  then  sent  to  the  writinfj  evgyaver,  to  grave 
whatever  letters  or  inscriptions  may  be  required. 

ETHEIl,  an  element,  supposed  by  some  philosophers  to 
occupy  the  upper  regions  of  space,  more  fine  and  subtle 
tlian  air. 

ETHICS,  or  Morality,  the  science  of  morals  or  duty,  which 
it  traces  from  man's  nature  and  condition,  and  proves  to  ter- 
minate in  Ills  happiness;  or,  in  other  words,  it  is  the  know- 
ledge of  our  duty  and  felicity,  or  the  art  of  being  \irtuous  and 
happy. 

EUCLID,  a  celebrated  mathematician  of  Alexandria,  wIk) 
flourished  before  Christ  300  years.  He  immortalized  his  name 
by  his  books  on  geometry,  in  which  he  digested  all  the  propo- 
sitions of  eminent  geometricians  who  had  preceded  him,  as 
Thales,  Pythagoras,  and  others.  King  Ptolemy  became  one  of 
his  pupils,  and  his  school  became  so  famous,  that  Alexandria 
<ontinued  for  many  ages  the  great  university  for  mathematical 
studies. 

EIJLER,  Leonakd,  one  of  the  most  celebrated  analysts  of 
the  last  century,  was  born  at  Basil  in  the  year  1707,  and  very 
early  dis('overed  great  talents  as  well  in  the  study  of  the  Greek 
and  Latin  languages  as  in  the  various  branches  of  the  mathe- 
matical and  philosophical  sciences.  The  natural  genius  of 
Euler  was  also  much  assisted  by  an  astonishing  retentive 
memory,  which  enabled  him,  it  is  said,  to  repeat  the  whole  of 
the  /Eneid  of  Virgil  from  beginning  to  end  ;  and  to  point  out 
to  his  hearers  the  first  and  last  line  of  every  page  in  the  edition 
that  he  had  accustomed  himself  to  read.  It  is  also  farther 
stated,  that  he  could  remember  the  first  six  powers  of  all  num- 
bers under  100.  Besides  being  foreign  memberof  the  Academy 
of  Sciences  of  Paris,  Euler  was  member  of  the  Imperial  Aca- 
demy of  Petersburgh,  ancient  director  of  the  Academy  of 
Berlin,  and  fellow  of  the  Royal  Society  of  London.  He  died  at 
Petersburgh,  where  he  had  spent  a  great  part  of  his  life,  on 
the  7th  of  September,  1783,  in  the  76lh  year  of  his  age. 

EUDIOMETRY,  the  science  of  determining  the  purity  of 
atmospheric  air,  by  measuring  the  proportion  of  oxygen  (on 
which  its  respirable  property  depends)  in  a  given  quantity  of 
it;  whence  the  tests  or  instruments  employed  in  this  science 
are  denominated  eudiometers. 

EUDOXUS,  of  Cnidus,  a  city  of  Caria  in  Asia  Minor,  a 
celebrated  astronomer  and  geometer,  who  flourished  about 
370  years  hefore  Christ.  He  composed  "  Elements  of  Geome- 
try," to  which  work,  according  to  the  account  of  Procliis, 
Euclid  was  much  indebted  for  many  of  his  propositions  ;  indeed, 
sonic  writers  have  attributed  to  him  tlie  whole  of  Euclid's 
"  Elements."  Eudoxus  is  said  to  have  died  in  the  year  before 
Christ  35-2,  in  the  53d  year  of  his  age. 

EUDIOMETEll.  An  instrument  for  ascertaining  the  purity 
of  air,  or  rather  the  quantity  of  oxygen  contained  in  any  given 
bulk  of  elastic  fluid.  Dr.  Priestley's  discovery  of  the  great 
readiness  with  which  nitrous  gas  combines  with  oxygen,  and 
is  precipitated  in  the  form  of  nitric  acid,  was  the  basis  upon 
which  he  constructed  the  first  instrument  of  this  kind.  His 
method  was  extremely  simple:  a  glass  vessel,  containing  an 
ounce  by  measure,  was  filled  with  the  air  to  he  examined, 
whicli  was  transferred  from  it  to  ajar  of  an  inch  and  a  half 
diameter,  inverted  in  water  ;  an  C(iual  measure  of  fresh  nitrous 
gas  was  added  to  it;  and  the  mixture  was  allowed  to  stand 
two  minutes.  If  the  absorption  were  very  considerable,  more 
nitrous  gas  was  added,  till  all  the  oxygen  appeared  to  be 
absorbed.  The  residual  gas  was  then  transferred  into  a  glass 
lube,  two  feet  lonir,  and  one-third  of  an  inch  wide,  graduated 
to  tenths  and  hundredths  of  an  ounce  measure;  and  thus  the 
<|uantity  of  oxygen  absorbed  was  measured  by  the  diminution 
that  had  taken  place.  The  burning  of  hydrogen  gas,  and  of 
phosphorus,  has  also  been  emplojed.  "flic  same  object  has 
also  been  effected  by  observing  the  quantity  of  oxygen  absorbed 
by  a  solution  of  sulphuret  of  potasii. 
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EUROPE  extends  from  the  tenth  decree  west,  to  the  sixtieth 
degree  east  lonojilude,  and  from  the  thirty-sixth  to  the  seventy- 
second  degree  of  north  latitude.  Tlie  Frozen  Ocean  hounds  it 
on  the  north,  Asia  on  tlic  east,  the  Mediterranean  sea  on  the 
south,  and  tlie  Atlantic  Ocean  on  the  west.  Its  lenj;th,  from 
east  to  west,  is  ahout  3300  miles;  its  breadth,  from  north  to 
souht,  ahout  23.00. 

The  European  states  are  fourteen  in  nuniljer;  and  of  these, 
fjui  are  in  tlie  north,  six  in  the  middle,  and  four  in  the  south. 

2'lie  Northern  States  are: 

Countries.  Chief  Towns. 

1 .  The  Briti.sh  Isles London,  Dublin,  Edinburgh. 

•}..  Danish  dominions,, ,..,,..  .Copenhagen,  on  the  Sound. 

3.  Sweden Slockholm,  on  Lake  Maelar. 

4.  Russia Petcrsburgh  on  the  liver  Neva. 

The  Six  Middle  Countries  are, 

1.  France Paris,  on  the  river  Seine. 

2.  Batavia  or  Holland,  with  ),„..  ,,      .        »„,i 

,,     KT  .1     1     J  >  Amsterdam,  on  tlie  river  Amstel. 

the  Netherlands S 

3.  Switzerland Basil,  on  the  river  Rhine. 

4.  Germany )  Vienna  and  Presburg,   ria  the 

!>.  Austrian  dominions ji      river  Danube. 

G.  Prussia Berlin,  on  the  river  Sprey. 

The  Four  in  the  South  are, 

1.  Spain Madrid,  on  river  Manzanarcs. 

2.  Portugal Lisbon,  on  the  river  Tagus. 

ti.  Italy Rome,  on  the  river  Tiber. 

4    Turlev  ^  Constantinople,  on  the  Strait  of 

*■  " i      Constantinople. 

A  Synopsis  of  the  European  States. 


STATES. 

Length. 

Hreadlli. 

S.iuare  Wiles. 

Religion 

Oovern- 
lutut. 

C  England  .... 

J  Scotland 

{_  Ireland  .... 

380 

300 

79,712 

109 

Prot. 

Mix.  M. 

303 

150 

27,794 

62 

do. 

do. 

285 

KiO 

27,457 

127 

do. 

do. 

Norway  .... 

1000 

300 

71,400 

10 

do. 

I^Ionaro. 

Denmark  .  . 

240 

2S0 

13,744 

139 

do. 

do. 

Sweden.  . .  . 

800 

600 

20H,9I2 

14 

do. 

do. 

Prussia.  .  .  . 

600 

300 

50,416 

99 

do. 

do. 

Neliicrlands 

350 

3U() 

17, .520 

130 

do. 

do. 

Germany  . .. 

601) 

520 

191,573 

130 

P.&C. 

M.  &  Ar. 

Switzerland 

150 

too 

14,900 

28 

do. 

Repub. 

Russia  .... 

1500 

1 1  00 

1 .200,000 

55 

Gr.  C. 

Despot. 

Poland 

540 

5»il 

100,MOO 

75 

t'ath. 

Mfiiiar. 

^  Bolieniia  . .  . 

300 

2.0 

27,734 

252 

do. 

do. 

(  I'r.ince 

COO 

500 

100,374 

174 

do. 

do. 

Spain 

7(10 

500 

150,763 

74 

do. 

do. 

(  Poiluijal 

300 

100 

27,2f<0 

67 

do. 

do. 

(  Itnly 

7.i0 

4'10 

110.907 

170 

do. 

do. 

Hungary  ..  .. 

30!J 

200 

87,575 

17 

do. 

do. 

Tuikey 

1400 

7  30 

181,400 

44 

.Mal.Q. 

do. 

The  oceans  and  seas  contiguous  to  Europe  are  ;  —  1.  The 
Atlantic  ocean  on  the  west.  2.  The  Frozen  ocean  on  the 
north.  3.  The  Mediterranean  sea  on  the  south.  4.  The  White 
sea  on  the  north  of  Russia.  !>.  The  Biiltic,  between  Denmark, 
Sweden,  Russia,  Piiissia.  anil  Germany,  (i.  The  North  sea,  or 
German  ocean.  7.  The  Irish  sea,  or  St.  Georiic's  channel.  8. 
The  English  channel.  9.  The  Adriatic,  or  Gulf  of  Venice.  10. 
The  Archipelago,  or  sea  of  the  Gret^ian  Islands.  11.  The  sea 
of  Marmora.     12.  The  IJIack  sea,  and  the  sea  of  Azof. 

The  chief  European  bays,  gull's,  and  straits,  are: — 1,  The 
gulf  of  Boiliiiia.  ill  Sweden.  2.  The  gulf  of  Finland,  between 
Sweden  and  Russia.  3.  The  bay  of  Biscay,  between  France 
and  Spain.     4.  The  gulf  of  Venice,  between  Italy  and  Turkev. 

6.  The  gulfs  of  Riga  and  Dantzic,  in  the  Baltic.     6.  The  gulfs 
of  Lyons,  Gtuioa,  T;iratit(>,  and  Salonica,  in  the  Mediterranean. 

7.  The  straits  are,  the  Sound,  between  Denmark  and  .Sweden  ; 
the  strait  bf  Dover,  between  England  and  France  ;  of  Gibral- 


tar, between  Spain  and  Africa;  of  Messina,  between  Italy  and 
Sicily,  ol  Gallipoli,  into  the  sea  of  Marmora  ;  of  Constantino- 
ple, into  the  Black  sea  ;  and  of  Kalla,  into  the  sea  of  .Vzof. 

The  principal  European  lakes  and  mountains  are  : — Lakes 
Onega.  Ladoga,  and  Pcypus,  in  Russia;  AVener  and  Weter, 
in  Sweden  ;  Neufchatel  and  Geneva,  in  Switzerland,  and  on 
the  borders  of  France  ;  and  Lucerne,  Zurich,  and  Constance, 
in  Switzerland. 

And  the  mountains  are  :— the  Alps  in  Switzerland,  extending 
in  the  form  of  a  crest-ent,  for  above  .'JOO  miles.  The  highesi 
pan  of  the  Alps  is  Mont  Blanc,  1.5,Gl)2  feet  above  the  level  of 
the  sea.  The  Pyrenees,  between  France  and  Spain,  whose 
greatest  elevation  is  1 1,000  feet.  The  .\penniiies  in  Italy  ;  the 
Carpathian  mountains,  exceeding  500  miles  north  and  east,  in 
Hutigarv  ;  the  Langfiall,  or  Long  Mountains,  and  Dofrefial 
mountains,  which  separate  Norway  and  Sweden. 

The  volcanoes  in  Europe  are  : — Mount  Etna  in  Sicily,  whose 
base  is  180  miles  in  circumference,  and  its  height  1 1,000  feet 
above  the  level  of  the  sea.  .Mount  Vesuvius,  in  the  cast  of 
Naples,  about  3000  feet  high  ;  and  Mount  Ilecla,  in  Iceland, 
about  .VIOO  feet  above  the  level  of  the  sea. 

The  European  islands  in  the  Baltic  are  : — Rngen,  Oeland, 
Gothland,  and  Aland,  belonging  to  .Sweden  ;  Zealand,  Funcn, 
Alsen,  Langland,  Laland,  Falstcr,  Fcmcreu,  and  Bornholm. 
belonging  to  Denmark  ;  and  Dago  and  Oesel,  belonging  to 
Russia. 

In  the  Frozen  Ocean,  arc  Nova  Zcmbla,  belonging  to  Russia, 
and  Iceland,  the  property  of  Denmark. 

In  the  Atlantic  Ocean,  are  Great  Britain  and  Ireland;  the 
Orkney  and  Shetland  islands  to  the  north  of  Scotland,  and  the 
Hebrides  to  the  west.  To  the  north  of  the  Shetland  islands 
are  the  Ferro  islands,  which  belong  to  Denmark. 

In  the  Atlantic  Ocean  are  also  the  Azore  islands,  the  chief 
of  which  are,  St.  Michael,  Tercera,  Pico,  Fayal,  Florez,  and 
Corvo.     These  islands  belong  to  Portugal. 

In  the  Irish  Sea,  are  the  isles  of  Man  and  Anglesea. 

In  the  British  Channel,  are  the  Isles  of  Wight,  Gersev, 
Guernsey,  Sark,  and  .\lderney. 

In  the  Mediterranean,  are  the  islands  of  Minorca,  Majorca, 
and  Ivica,  o(f  the  coast  of  Spain,  to  which  they  belong.  Cor- 
sica, under  the  government  of  France.  Sardinia,  n  separate 
kingdom.  Sicily  belongs  to  Naples,  and  Malta  to  Great  Bri- 
tain.    The  islands  of  the  Archipelago  belongto  Turkey. 

The  Isthmuses  are  those  of  Corinth,  between  the  Morea  and 
Turkey,  and  of  Precops,  in  the  Ciimea.  , 

The  principal  capes  are: — 1.  The  North  cape,  in  Lapland. 
2.  The  Naze,  in  Norway.  3.  Land's  End,  in  Enuland.  4. 
Cape  Clear,  in  Ireland.  6.  Cape  la  Hogue,  in  France,  li. 
Cape  Ortrgal  and  cape  Finisterre,  in  Spain.  7.  Cape  St.  Vin- 
cent, in  Portugal.  8.  Cape  Sparlivento,  in  Italy  ;  and  9.  Cape 
Matapan,  in  Turkey. 

The  chief  European  rivers  are  :  — 1.  The  Onina,  which  fulls 
into  the  Wiiite  sea  at  Archangel.-  2.  The  Duna,  which  di.s- 
chargcs  itself  into  the  Baltic  at  Riga.  3.  The  Nieraen,  or 
Memel  River,  separating  Russia  and  Prussia,  and  which  falls 
into  the  Baltic  near  Memel.  4.  The  Vi.'lula  joins  the  sea  near 
Dantzic.  5.  The  Oder  falls  into  the  Baltic  below  .Stettin,  (i. 
The  Elbe  enters  the  sea  near  Cuxhaven.  7.  The  Wescr  runs 
into  the  sea  at  Bremen.  8.  The  Rhine  falls  into  the  German 
ocean  at  Ley  den.  9.  The  Scheldt  falls  into  the  German  ocean 
at  Flushing.  10.  The  Maesejciitis  the  German  ocean  below 
Rolterdani.  1\.  The  Seine  falls  into  the  English  channel  at 
Havre-dc-Gracc.  12.  The  Loire  enters  the  ocean  at  Painboeuf. 
13.  The  Garonne,  orGironde,  falls  into  the  sea  below  Bour- 
deaux.  14.  The  Minao  forms  the  northern  boundary  of  Por- 
tugal. 15-  The  Douro  falls  into  the  sen  at  Oporto.  Iti.  The 
Tagus  below  Lisbon.  17.  The  Ouadiann  separates  .Spain  from 
Portugal,  and  falls  into  the  Atlantic.  18.  The  GuBclahiiiiver 
empties  itself  into  the  Atlantic  at  St.  Luenr.  \'J.  The  Ebro 
falls  into  the  Mediterranean.  20.  The  Rhone  liisembogues 
itself  into  the  Meditf rraneaii,  21.  The  Ariio  falls  into  the 
gulf  of  (Jenoa.  22.  The  Tiber  runs  into  the  Mediterranean. 
23.  The  Po  and  the  Adige  fall  into  the  gulf  of  Venice.  24.  The 
Danube,  the  Niosler,  ami  the  Dnieper  f.ill  into  the  Black  sea. 
2,5.  The  Don  into  the  sea  of  Azof;  and,  26.  The  Wolga  into  the 
Caspian  sea. 
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The  British  Islands. — Great  Britain  is  situated  between  50 
and  u8J  decrees  of  north  latitude,  and  between  the  2d  degree 
east  and  the  6th  degree  west  longitude.  Its  length  from  north 
to  south  is  about  oSO  miles,  and  its  greatest  breadth  about 
370.  It  is  divided  into  England,  Wales,  and  Scotland.  Ireland 
is  an  integral  part  of  the  British  empire. 

The  foreign  possessions  of  Great  Britain  in  Europe  are  :  — 
Gibraltar,  Malta,  Guernsey,  Jersey,  and  Heligoland.  In 
North  America — Canada,  Labrador,  New  Brunswiek,  and  their 
islands.  In  the  West  Indies,  it  possesses  all  the  principal 
islands,  except  Cuba,  Hispaiiiola,  Porto  Rico.  But  in  lieu  of 
these  it  has  Honduras.  In  South  America — Surinam,  Berbiee, 
Demerara,  Esscquiho,  and  the  Falkland  islands.  In  Africa,  it 
possesses  the  Cape  of  Good  Hope,  Sierra  Leone,  Senegal, 
Goree,  the  isle  of  St.  Helena,  and  the  Isle  of  France.  In  Asia — 
Hindostan,  the  island  of  Ceylon,  the  Baiida  isles,  &c.  New 
Holland  and  its  dependencies. 

The  populatiou  of  the  whole  British  empire  is  about  sixty- 
four  millions  of  souls ;  of  these  above  forty-two  millions  are 
free  people. 

Thus,  allowing  to  Great  Britain 14,956.300  souls. 

To  Ireland 6,500,000 

European  dependencies 180,300 

American  dependencies 486.200 

West  Indian  dependencies 1,167,000 

African  dependencies 129,000 

Asiatic  dependencies 2,009,000 

East  India  Company's  dependencies.. ..  40,600,000 
Army   and   navy,   including   mercenary 

troops 671,000 

We  shall  have  a  grand  total  of. .  60,698,800 

In  the  year  1S12,  the  British  navy  amounted  to  1000  ships  of 
■war.  Of  these  262  were  ships  of  the  line,  colled  also  first-rales. 
In  1820,  the  peace  establishment  was  fixed  at  71.5  ships  of  war, 
and  of  these  262  were  in  commission,  or  actunl  service. 

The  revenue  of  1823  was  above  £51,000,000,  the  national 
debt  about  £800,000,000.  The  poor-rates  in  England  and 
Wales  are  about  £8,000,000  annually.  In  Scotland,  the  poor 
are  not  provided  for  by  rates  or  taxes;  hence  the  high  moral 
feeling  and  sense  of  independence,  with  the  consequent  indus- 
try and  frugality  of  the  Scots. 

The  cultivated  parts  of  England  and  Wales  are  reckoned  at 
thirty-nine  millions  of  acres,  the  uncultivated  seven  millions; 
but  of  these,  six  millions  are  capable  of  improvement. 

In  Great  Britain,  ail  the  manufactures  common  to  Europe 
and  Asia  are  brought  to  the  greatest  perfection. 

The  tonnage  of  British  vessels  cleared  outwards  in  the  year 
1824,  amounted  to  the  amazing  weight  of  2,492,902  tons. 

The  British  tonnage  entered  inwards  for  the  year  1824, 
amounted  to  2.960,188  tons,— 

Leaving  in  favour  of  our  home  consumption  468,786  tons, 
out  of  which  of  course  a  considerable  deduction  must  be  made 
for  the  refuse  of  raw  materials  imported. 

The  transit  trade  is  valued  at  £10,188,196,  which  is  certainly 
a  large  sum  to  even  a  great  commercial  nation,  as  general  car- 
riers in  a  period  of  profound  peace,  when  the  marine  of  Europe, 
and  America  to  boot,  strike  in  for  a  large  share  in  the  compe- 
tition of  a  transit  trade. 

The  inland  trade  may  be  somewhere  about  seventy  millions 
sterling  in  1825. 

The  value  of  the  exports  and  imports  in  1824,  rose  to 
£96,488,162  sterlinsr. 

According  to  oflicial  statements  made  for  tlie  year  1821,  the 
families  employed  in  agriculture  in  Great  Britain,  amounted  to 
978,656;  in  trade,  manufactures,  or  handicraft,  l,3.i0.2:?9 ;  not 
comprised  in  either,  612,488;  being  a  total  of  2,941,383  fami- 
lies ;— of  which  2,346,717  were  in  England,  146,706  in  Wales, 
and  447,960  in  Scotland.  The  number  of  inhabited  houses 
in  Great  Britain,  was  2,429,630. 

The  Editor  regrets  exceedingly,  that  after  much  fruitless 
research  in  quest  of  authenticated  returns  of  the  annual  value 
of  each  branch  of  our  various  manufactjires,  and  the  number  of 
persons,  male,  female,  and  children,  employed  in  each,  he  has 
been  unable  to  complete  a  tabular  view  of  our  domestic  industry 
in  the  arts  and  manufactures. 


Enijland  untl  ^YaIes. — England  is  all  that  portion  of  Great 
Britain  south  of  the  Tweed  and  the  Esk.the  Cheviot  Hills,  and 
the  Solway  Frith.  On  the  east  it  is  washed  by  the  German 
ocean  ;  on  the  south  l>y  the  English  channel;  on  the  west  by  the 
Irish  sea;  and  its  northern  boundary  is  Scotland. 

Observe.  The  extent  of  England  and  Wales  is  computed  at 
49.453  square  miles  ;  the  population  is  reckoned  just  now 
(1825)  somewhere  about  12,500,000  souls;  therefore,  the  num- 
ber of  inhabitants  to  a  square  mile  is  nearly  254. 

There  are  forty  counties  in  England,  and  twelve  in  the  prin- 
cipality of  Wales. 

The  si.v  Northern  arc: 

County.  Chief  Town.  Situate  on  the  River, 

Northumberland,  Newcastle,  Tyne. 

Cumberland,  Carlisle,  Eden. 

Durham,  Durham,  Wear. 

Yorkshire,  York,  Ouse. 

Westmoreland,  Appleby  Eden. 

Lancashire,  Lancaster,  Lune. 

Tlie  four  bordering  on  Whales  are: 

Cheshire,  Chester,  Dee. 

Shropshire  or  Salop,  Shrewsbury,  Severn. 

Herefordshire,  Hereford,  Wye. 

Monmouthshire,  Monmouth.  Wye. 

Twelve  JSIidlnnd : 

Nottinghamshire,  Nottingham,  Trent. 

Derbyshire,  Derby,  Derwent. 

StaQ'ordshire,  Stafford,  Low. 

Leicestershire,  Leicester,  Soar. 

Rutlandshire,  Okeham, 

Northamptonshire,  Northampton,  Non. 

Warwickshire,  Warwick,  Avon. 

Worcestershire,  AVorcester,  Severn. 

Gloucestershire,  Gloucester,  Severn. 

O.vfordshire,  Oxford,  Thames 

Buckinghamshire,  Aylesbury,  Tame. 

Bedfordshire,  Bedford,  South  Ouse. 

Eiyht  Eastern, 

Lincolnshire,  Lincoln,  Witham. 

Huntingdonshire,  Huntingdon,  South  Ouse. 

Cambridgeshire,  Cambridge,  Cam. 

Norfolk,  Norwich,  Yare. 

Suffolk,  Ipswich,  Orwell. 

Essex,  Chelmsford,  Chclmer. 

Hertfordshire,  Hertford,  Lea. 

Middlesex,  London,  Thames. 

Three  South- Eastern : 

Surrey,  Guildford,  Wcy. 

Kent,  Canterbury,  Stour. 

Sussex,  Chichester,  or  Lewes. 

Eour  Southern: 

Berkshire,  Reading,  Thames. 

Wiltshire,         *  Salisbury,  Avon. 

Hampshire,  Winchester,  Itchyn 

Dorsetshire,  Dorchester,  Frome. 

Three  South-Western. 

Somersetshire,  Wells  or  Taunton. 

Devonshire,  Exeter,  Exe. 

Cornwall,  Launceston,  Tamar. 

Six  in  North  Wales. 

Flintshire,  Flint,  Dee. 

Denbighshire,  Denbigh,  Clwyd. 

Caernarvonshire,  Caernarvon. 

Anglesey,  Beaumaris,  on  the  Strait  Menai. 

Merionethshire,  Harlech  or  Bala. 

Montgomeryshire,  Montgomery. 

>S^(.r  in  South  Wales. 

Radnorshire,  Radnor, 

Cardiganshire,  Cardigan,  Tivy. 

Pembrokeshire,  Pembroke,  Milfordhavcn. 

Caermarthenshire,  Caermarlhen,  Towy. 

Breckno('kshire,  Brecon,  L^sk. 

Glamorganshire,  Caerdilf,  Taafe. 
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The  foregoing  coanties  are  again  divided  into  six  circuits, 
as  follow  ; — ■ 

The  Home  Circuit  contains  Essex,  Hertford,  Kent,  Surrey, 
and  Sussex. 

The  Norfolk  Circuit  contains  Bucks,  Bedford,  Huntingdon, 
Cambridse,  Sullblk,  and  Norfolk. 

The  Oxford  Circuit  contains  Oxford,  Berks,  Oloucesler, 
Worcester,  Monmouth,  Hereford,  Salop,  and  StalVord. 

The  Midland  Circuit:  Warwick,  Leicester,  Derby,  Notting- 
ham, Lincoln,  Rutland,  and  Northampton. 

The  Western  Circuit :  Hants,  Wilts,  Dorset,  Somerset, 
Devon,  and  Cornwall. 

The  Northern  Circuit:  York,  Durham,  Northumberland, 
Lancaster,  Westmoreland,  and  Cumberland. 

Chester  is  a  county  palatine,  and  has  a  separate  judge. 

In  Middlesex  the  supreme  courts  of  judicature  are  held. 

The  Universities  are  those  of  Oxford  and  Cambridge,  and 
the  public  schools  or  colleges  are  those  of  Westminster,  Eton, 
Winchester,  the  Charter-house,  Christ's  Hospital,  Si.  Paul's, 
&c.     The  Royal  Military  schools,  at  Woolwich  and  Sandhurst. 

Greenwich  Hospital  on  the  Thames,  is  the  abode  of  aged  and 
disabled  seamen;  and  Chelsea  Hospital  contains  the  worn- 
out  and  maimed  soldiers  of  Britain.  At  Portsmouth,  Plymouth, 
Chatham,  Deptford,  Sheerness,  and  Milford,  the  dock-yards 
for  the  navy  are  established.  And  London,  Liverpool,  Bristol, 
Hull,  Yarmouth,  Falmouth,  Sunderland,  and  Whitehaven,  are 
the  chief  ports  for  the  merchant  shipping.  AVoolwich  is  the 
great  arsenal  for  the  navy,  and  for  the  miitericl  of  the  army. 

The  Isle  of  Wight,  on  the  coRSt  of  England,  is  remarkable 
for  its  picturesque  beauty; — Jersey,  Guernsey,  Alderney,  and 
Sark,  are  on  the  coast  of  France.  In  the  Irish  sea  is  the  Isle 
of  Man,  a  poor  island,  but  noted  as  the  refuge  of  the  unfortu- 
nate. The  Scilly  Isles  are  barren  rocks,  beyond  Cornwall. 
The  Isles  of  Sheppey  and  Thanet  are  on  the  Kentish  coast ; 
and  Holy  Isle,  Lindisfarue,  and  Coquet  isles,  are  on  the 
Northumberland  coast. 

The  principal  mountains  and  hills  are  those  of  Cheviot,  sepa- 
rating England  from  Scotland  ;  the  Fells,  in  Cumberland  and 
Yorkshire;  the  Malvern  Hills,  in  Worcestershire ;  the  Mendip, 
in  Somersetshire  ;  the  Peak,  in  Derbyshire  ;  the  Wreken,  in 
Shropshire  ;  and  the  Endle,  in  Lancashire ;  and  the  most 
elevated  hills  are, 

Feel  IIs'n'i- 

Whernside 4050 

Pennygant 36r,0 

Snowdon ,3450 

Pendlehill 3411 

Cross  Fell .3390 

In  a  geological  view,  England  may  be  thus  presented  to  the 
pupil.  At  the  Land's  End,  massive  and  primitive  rocks  begin  ; 
upon  these  rest  several  species  of  transition  rocks,  chielly 
slates  of  different  kinds  ;  these  are  succeeded  by  secondary 
strata,  inclining  to  the  horizontal  position  ;  and  lastly,  the 
alluvial  matter  upon  which  Middlesex  extends.  This  is  prin- 
cipally clay,  and  may  once  hnve  formed  the  mud  at  the  bottom 
of  a  s:dt-Hater  lake.  Proceeding  northward  from  London, 
towards  Scotland,  we  arrive,  in  Cumberland,  at  primitive 
rocks.  These  are  anmng  the  highest  and  oldest  rocks  in  Eng- 
land ;  and  from  the  Land  s  En(l,  the  chain,  passing  through 
Cumberland,  extends  to  the  northern  extremity  of  .Scotland.  In 
fact,  the  length  of  Britain,  its  general  form,  plains,  rivers,  and 
topographical  divisions,  depend  on  this  chain  of  mountains, 
much  in  the  same  way  that  the  continent  of  South  America 
derives  its  general  characteristics  from  the  Cordilleras. 

The  chief  rivers  in  England  are:  the  Tweed,  which  separates 
Northumberland  from  Scotland.  The  Tyne.  which  forms  the 
harbour  of  Newcastle.  The  Wear,  on  "which  Sunderland  is 
huilt.  The  Tees,  forming  the  boundary  between  Durham  and 
Yorkshire.  The  Esk,  on  which  Whitby  is  situated.  The  Hum- 
ber,  on  which  Hull  stands.  The  Swale,  in  Yorkshire,  naviga- 
ble from  Ripon.  The  Dcrwent,  in  Yorkshire,  naviirabic  to 
Malton.  The  Wharfe,  in  Yorkshire,  navigable  to  Tadcastcr. 
The  Aire,  which  joins  the  Ouse  at  Howdcn,  in  Yorkshire.  The 
Don,  which  joins  (he  Ouse  in  an  artilicial  canal,  called  the 
Dutch  river.  The  Trent,  which  joins  the  Ouse  at  Adlingfleet. 
where  both  are  lost  in  the  Humbcr.  The  Witham,  formin"  the 
30. 


Fret  llinh. 

Inglchorough 3987 

Helvellyn   3324 

Skiddaw 3>70 

Saddlebak 3043 


port  of  Boston,  in  Lincolnshire.  The  Welland,  forming  th« 
north-west  boundary  of  Northamptonshire.  'Ihc  Ncn  joining 
the  Wash  below  Wisbeach.  The  Southern  Ouse,  falling  into 
the  Wash  at  Lynn  Regis.  The  Yare,  in  Norfolk,  which  falls 
into  the  German  ocean  at  Yarmouth.  The  Deben,  in  Sulfolk, 
navigable  to  Woodbridge.  The  Stour,  forming  the  boundary 
between  Sulfolk  and  Essex:  Harwich  is  at  the  mouth  of  the 
Stour.  The  Coin,  flowing  by  Colchester.  The  Blackwatcr,  in 
the  north-west  corner  of  Essex,  near  Maldon,  which  is  joined 
by  the  Chclmcr,  and  then  forms  an  extensive  estuary,  or  haven, 
called  Blackwatcr  Bay,  famous  for  its  oysters.  The  Thames, 
which,  after  receiving  about  right  tributary  streams,  falls  into 
the  sea  below  Gravesend,  in  Kent.  London  is  situate  on  the 
left  bank  ;  Southwark  on  its  right  bank.  The  .Mcdway,  which, 
rising  in  Sussex,  and  navigable  from  Tunbridge,  falls  into  the 
sea  at  Sheerness.  The  Stour,  falling  into  the  sea  at  Ramsgate. 
The  Rother,  which  runs  by  Rye;  the  Ouse,  by  Lewes  ;  and  the 
Arun,  by  Arundel.  The  Itchyn,  falling  into  Southampton  Bay, 
and  the  Avon,  joining  the  Stour,  from  Stourminster,  and  falling 
into  the  sea  at  Christchurch.  The  Exe,  which  joins  the  sea 
below  Topsham  ;  and  the  Tamar,  wliich  separates  Cornwall 
from  Devonshire.  The  Touriilije,  by  Biddeford,  and  the  Taw, 
by  Barnstable,  emptjiiig  themselves  into  Barnstaple  Bay.  The 
Avon,  navigable  from  Bath,  which  falls  into  the  Bristol  chan- 
nel. The  Severn,  which,  after  a  course  of  l.'SO  miles,  forms 
that  large  arm  of  the  sea,  called  the  Bristol  channel.  The 
Avon,  from  Warwick  and  Stratford,  joins  the  Severn  at  Tewkes- 
bury. And  the  Wye  falls  into  the  Bristol  channel  at  Chepstow. 
At  Chepstow,  the  tide  rises  to  an  extraordinary  height,  swell- 
ing from  fifty  to  sixty  feet  perpendicularly-  The  Towey,  which 
runs  by  Caermarthen,  the  Tivy,  by  Cardigan.  Milford  Haven, 
betsveen  these,  is  a  remarkably  deep  inlet  of  the  Irish  sea,  and 
the  best  harbour  in  Biitaiu.  Tlie  Dec,  which  falls  into  the  Irish 
sea;  as  does  also  the  Mersey,  the  Irwell,  the  Ribble,  and  the 
Lune.  And  the  Eden,  which  empties  itself  into  the  Solway 
Frith. 

The  principal  canals  in  England  are:  one  in  Lincolnshire, 
extending  fr(nu  Lincoln  to  the  Trent;  another  from  Horncastle 
to  Sleaford  ;  a  third  from  Grantham  to  the  Trent.  Liverpool 
is  connected  with  Hull  by  a  c;inal  called  the  Grand  Trirnk,  from 
the  Trent,  proceeding  north  to  the  Mersey.  From  the  (irnnd 
Trunk,  several  minor  canals  extend  in  various  directions  ;  the 
chief  of  these  is  that  branch  which  connects  the  Severn,  Bris- 
tol, Liverpool,  and  Hull.  Another  canal  unites  the  Se»ern 
with  the  Mersey  ;  and  from  Coventry,  the  centre  of  the  king- 
dom, canals  extend  to  the  Gr.md  Trunk  and  the  Grand  Junc- 
tion. The  Union  Canal  is  44  miles  long,  from  Leicester  to 
Northampton.  Gloucester  and  Hereford  are  connected  by 
another  canal.  By  a  course  of  40  miles,  the  Severn  is  united 
with  the  Thames,  by  a  canal  from  Strand  to  Lechlade.  The 
Oxford  canal,  after  a  course  of  92  miles,  joins  the  Coventry 
canal.  The  Grand  Junction  reaches  from  Brentford,  on  the 
Thames,  and  joins  the  Oxford  canal  at  Braunston  in  North- 
amptonshire, after  a  course  of  90  miles.  On  the  south  of  the 
Thames,  another  canal  connects  Reading  and  Bath.  The  Lan- 
caster canal  stretches  74  miles  from  Kendal,  in  \\  estmoreland, 
to  West  Houghton,  in  Lancashire.  The  canal  from  Leeds  to 
Liverpool  wimls  throngh  a  circuit  of  1 17  miles.  The  Rochdale 
canal  is  311  miles  Ion;:  The  Peak  Forest  canal  is  16  miles 
Ions  ;   and  the  Chesterfield  canal  to  the  Trent  is  55  miles  long. 

The  chief  ualering  places  are,  Bath,  Chelterdiam,  Tunbriiigc, 
Harrowgale,  See.  famous  for  their  salubrious  and  sulphureous 
springs.  On  the  sea-coast,  in  summer,  Brighton.  Ramsgate, 
Scarborough,  Margate,  Weymouth,  Dawlish,  and  Swansea,  are 
places  of  fashionable  resort. 

The  surface  and  climate  of  England  are  alike  varied  and 
unequal.  Thus.  Wales  is  celebrated  for  lolly  mountains, 
bri)ken  by  beautiful  and  extensive  valleys  ;  the  south  of  Eng- 
land is  generally  a  level  alluvial  soil;  but  towards  the  Wash, 
in  Lincolnshire,  it  is  low  andfennj.  Derbyshire  is  celebrated 
for  its  mountains  and  minerals.  The  north  of  EniKbirid  is 
varied  by  hills,  dales,  and  lakes.  Here  the  scenery  is  rich  and 
picturesque.  Winandcr  and  Conislon  meres  (lakes)  beautify 
Lar)cashirc;  Ulsuaier.  the  west  of  ^^'estmorland  ;  Bassen- 
thwailc  «aier.  and  Kesswick  or  Derweut-water,  are  situated  in 
the  south  of  Cumberland. 
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Tlieatmospliere  of  England  is  liiimid,  and  lience  the  frequent 
changes  of  weather;  but  its  constant  agitation  conduces  to 
that  perpetual  verdure  which  covers  the  land,  and  preserves  it 
from  those  extremes  of  heat  and  cold  to  which  other  countries 
in  the  same  latitude  are  exposed. 

The  chief  sea  ports  in  England  are  London,  which  we  have 
already  noticed  ;  Liverpool,  the  second  port  in  the  kingdom, 
trades  principally  with  the  West  Indies,  the  East  Indies, 
America,  the  Baltic,  the  Medileiranean.  and  Ireland.  Bristol, 
next  to  Liverpool,  trades  with  Ireland,  the  West  Indies,  North 
America,  Hamburg,  and  the  Bailie.  Hull,  reckoned  the  fourth 
port  for  commercial  business,  trades  in  coals,  corn,  wool,  manu- 
factured goods,  with  every  country  in  Europe,  with  America,  the 
AVest  Indies,  &c.  Newcastle  and  Shields  supply  the  London 
market  with  coals,  and  carry  on  some  trade  with  the  Baltic,  and 
in  the  Greenland  fisheries.  VVhitby  builds  many  vessels,  and  has 
a  good  coasting  trade;  Gainsborough  has  some  coasting,  and  a 
little  foreign  trade  :  Boston  sends  vessels  to  the  Baltic,  and 
exports  oats  to  London  ;  Lynn  supplies  most  of  the  inland 
counties  with  coal,  timber,  and  wine;  it  exports  corn  and  malt, 
and  partakes  in  the  Greenland  fishery.  Yarmouth  is  a  con- 
siderable sea  piirt.  and  besides  the  coasting  trade,  sends  ships 
to  the  Baltic,  Holland,  Portugal,  and  the  Mediterranean.  And 
the  Thames,  below  London  Bridge,  is  crowded  with  ships, 
which  convey  into  that  capital  the  commerce  and  wealth  of  the 
globe.  Chatham,  a  great  naval  arsenal,  is  well  defended  by 
strong  fortilications  ;  as  is  also  Portsmouth  harbour,  formed 
by  the  island  of  Portsea  and  the  Peninsula.  Soiithompton 
trades  with  France,  Jersey,  and  Guernsey  ;  and  Plymouth,  the 
ujost  considerable  harbour  in  England  for  a  navy,  has  a  good 
brisk  trade  in  war  time. 

The  chief  manufacturing  towns  are  Manchester  for  cntton 
goods.  Leeds  and  Wakefield  for  woollen  cloths,  Birmingham 
and  Sheffiield  for  hardware  and  cutlery.  Cornwall  is  the 
chosen  depository  of  the  metals.  Wiltshire  is  famed  for  its 
superfine  broad  cloths. 

Scotland. — The  position  of  Scotland,  the  northern  portion  of 
Great  Biitain,  has  already  been  indicated.  It  is  260  miles  long, 
and  about  160  miles  broad,  at  its  greatest  extremity.  Its 
superficial  contents  are  27,793  square  miles,  the  population 
2,100,000  souls;  consequently,  there  are  nearly  72  inhabitants 
for  every  square  mile.  The  established  religion  is  the  Presby- 
terian ;  but  there  are  numerous  dissenters. 

Scotland  is  divided  into  thirty-three  counties,  as  follow  : 

In  the  North  are  : 
Tlie  Comities  of,  whose  Chief  Tonms  are, 

Orkney  (Isles), Kirkwall  and  Stromness. 

Caithness, Wick. 

Sutherland, Dornoch. 

Ross, Dingwall  and  Taine. 

Cromarty,   Croamrty. 

Inverness Inverness. 

The  Midland  Division  consists  of, 

Argyle,   Inverary. 

Bute, Rothsay. 

Nairn, Nairn. 

Murray  or  Elgin,   Elgin. 

Banff  or  Baniff, Banff  or  Bamff. 

Aberdeen,    Aberdeen. 

Mearns  or  Kincardine, Bervie. 

Angus  or  Forfar, Montrose. 

Perth, Perth. 

Fife, St.  Andrew's. 

Kinross, Kinross. 

Clackmannan,   Clackmannan, 

Stirling, Stirling. 

Dumbarton Dumbarton. 

In  the  Smith  are : 
West  Lotnian  or  Linlithgow,.  .Linlithgow. 
Mid  Lothian  or  Edinburgh,. . .  .Edinburgh. 
East  Lothian  or  Haddington,.  .Haddington  and  Dunbar. 

Berwiik  or  Merse, Dunse  and  Lauder. 

Renfrew, Renfrew. 

Ayr, Ayr. 


The  Counties  of,  tvJiose  Chief  Towns  are, 

Wigton  or  West  Galloway,..  ..Wigton. 

Lanark  or  Clydesdale, Glasgow  and  Lanark. 

Peebles  or  Tweedale, Peebles. 

Selkirk, Selkirk. 

Roxburgh, Jedburgh. 

Dumfries Dumfries. 

Kit  kudbright  or  East  Galloway,  Kirkudbright. 

The  Scottish  isles  are  Bute  and  Arran  in  the  Frith  of  Clyde  ; 
the  Hebrides,  west  of  Cantyre.  are  Hay,  Jura,  Mull,  Tiree,  Col, 
lona.  Sky,  Lewis,  &c.  The  Orkney  isles  are  separated  from 
the  main  land  by  the  Pentland  Frith.  They  are  twenty-six  in 
number  ;  but  the  chief  is  Pomona,  or  Mainland,  and  its  princi- 
pal towns  Kirkwall  and  Stromness.  The  Shetland  isles,  north 
of  the  Orkneys,  are  forty-six  in  number;  and  of  these  twenty- 
six  are  inhabited.     The  chief  town  is  Larwick. 

The  lakes  and  Friths  of  Scotland  most  noted,  are,  Loch 
Ness, —  Loch  Lochy, — Loch  Lomond, — Loch  Tay, — Loch  Ave, 
and  Loch  Fvne. — The  Frith  of  Dornock,— the  Murray  Frith, — 
the  Frith  ot  tay.— the  Frith  of  Forth,— tlie  Solway  Frith,  and 
the  Frith  of  Clyde. — A  Frith  is  an  arm  of  the  sea,  running  up 
into  the  land  ;  and  the  terra  loch,  or  lake,  is  applied  indifferently 
to  a  piece  of  fresh-Hater,  or  an  arm  of  the  sea.  Thus.  Locli 
Lomond  is  a  fresh  water  lake,  and  Loch  Fyne  an  arm  of  the 
sea,  like  the  Frith  of  Forth. 

The  principal  mountains  are,  the  Cheviot  Hills,  the  Gram- 
pian Hills,  Ben  Nevis,  in  Invernesshire,  43.'')0  feet  above  the 
level  of  the  sea,  and  Ben  Lomond,  about  3200  feet  high.  From 
Ben  Lomond  a  spectator  sees  Bute,  Arran,  the  rockof  Ailsa, 
Ireland,  Pinilimmon  in  Wales,  Skiddaw  in  Cumberland,  &c. 

The  chief  rivers  arc  the  Spey,  in  Invernesshire  ;  the  DeveroD, 
separating  Banff  from  Aberdeenshire  ;  the  Dee  and  the  Don, 
intersecting  Aberdeenshire  from  west  to  east;  the  Tay,  falling 
into  the  German  ocean  below  Dundee  ;  the  Forth,  the  most 
beautiful  serpentine  river,  empties  itself  into  the  German  ocean 
below  Leith  ;  the  Tweed,  at  Berwick  ;  the  Annan  falls  into  the 
Solway  Frith  at  Annan  ;  the  Nith  flows  by  Dumfries  ;  and  the 
Clyde,  after  washing  Lanark,  Renfrew,  Dumbarton,  Argyle- 
shire,  and  Bute,  empties  itself  into  the  Irish  sea  at  the  isles  of 
Bute  and  Cumbras. 

The  canals  of  Scotland  are  those  of  Forth  and  Clyde,  the 
Caledonian  canal,  a  canal  fiom  Glasgow  to  Kilwinning;  and 
one  projected  from  Glasgow  to  Edinburgh.  The  Forth  and 
Clyde  canal  extends  from  the  mouth  of  the  Carron  and  Forth 
to  Dalmuir  Bnrnfoot,  six  miles  below  Glasgow,  and  in  its 
course,  passes  over  several  aqueducts,  the  chief  of  which  is 
that  of  Kelvin,  considered  one  of  the  finest  pieces  of  masonry 
in  the  world.  The  Caledonian  canal,  80  miles  in  length,  opens 
a  communication  between  the  Murray  Frith  and  the  western 
sea,  along  a  line  of  lakes,  from  Inverness  by  Fort  Augustus 
and  Fort  William. 

The  surface  and  climate  of  Scotland,  as  contrasted  with  those 
of  England,  may  be  thus  given  : — The  coast  of  Scotland  is 
more  checquered  than  that  of  England  ;  and  the  former  is  more 
diversified  by  lakes  than  the  latter.  In  the  north,  the  moun- 
tains accumulate  and  precipitate  the  clouds  in  plentifid  show- 
ers of  rain  ;  the  air  is  therefore  colder,  the  soil  not  so  rich,  and 
the  harvests  later  than  in  England.  The  chief  mountains  here 
alluded  to  are  the  Grampian  from  Loch  Lomond  to  the  north- 
west of  Aberdeenshire  ;  and  the  Ochill  hills,  south  of  Perth. 

The  productions  of  the  north  of  Scotland  are  cows,  sheep, 
and  horses,  all  small  in  size,  but  valuable  to  their  owners.  In 
the  south  and  west,  the  horses  and  horned  cattle  are  large  and 
profitable  ;  and  the  finest  grays  are  bred  in  Ayrshire.  The 
Highlands  abound  in  timber  and  game  ;  the  western  seas  and 
lochs  in  cod.  ling,  salmon,  and  herrings. 

The  chief  seaports  of  Scotland,  are  Lcith,  Greenock, Glasgow, 
Ayr,  Saltcoats.  Kilwinning,  Rothsay,  Aberdeen,  Dundee,  &.r. 
The  chief  manufacturing  places  are  Glasgow,  Paisley,  Lanark, 
Kdmarnock,  &c. 

Ireland. — Ireland  is  an  island  in  the  Atlantic  ocean,  to  the 
west  of  Great  Britain.  It  is  about  300  miles  long,  and  180  at 
its  greatest  breadth.  C<imputing  its  superficial  contents  at 
30,370  square  nrlcs,  and  its  population  at  5.000,000  of  souls, 
there  will  be  164  iuhabilauts  to  each  square  mile. 
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Ireland  is  divided  into  four  provinces  : — LeinsUr,  in  the  east, 
eontainins  twelve  counties.  Ulster,  in  the  north,  containing 
nine  counties.  Cuniiauylit,  in  the  west,  containing  five  coun- 
ties ;  and  Mut  ter,  in  the  soulli,  containing  six  counties. 

T/ie  Counties  of  Leinster  are: 

County.  Chief  Towns.  Situate  un  the  River 

Dublin  Dublin,  Liffcy. 

Louth,  Droghcda,  Bojne. 

Wicklow,  Wicklow,  Irish  Sea. 

Wexford,  Wexford,  Slayney. 

Longford,  Longford,  Shannon. 

East  Mcath,  Trim,  Bo^'ne. 

VVest  Meath,  Mulllnpar. 

King's  County,  Philipstown. 

Queen's  County,  Mar)borougIi. 

Kilkenny,  Kilkenny,  Nore 

Kildare,  Kililare, 

Carlow,  Carlow,  Barron. 

The  Counties  of  Ulster  are: 

Down,  Downpatriok,  Strangford  Bay. 

.\rraagh,  Armagh  and  Charle- 

mont. 

Monaghan,  Monaghan. 

Cavan,  Cavan. 

Antrim,  Carrickfergus,  Bay  of  Carrickfergus 

Londonderry,  Londonderry,  Foyle. 

Tyrone,  Omagh. 

Fermanagh,  Ennisklllen,  Loch  Erne. 

Donegal,  LlU'ord,  Foyle. 

The  Counties  of  Connaught  are : 

Leitrim,  Carrick  on  Shannon, 

Roscommon,  Roscommon. 

Mayo,  Castle  Bar  and  Bal- 

lenrobe. 
Sligo,  Sligo,  Sligo  Bay. 

Galway,  Galway. 

The  Counties  of  Munster  are: 

Clare,  Ennis. 

Cork,  Cork. 

Kerry,  Tralee. 

Limerick,  Limerick,  Shannon. 

Tipperary,  Tipperary&Clonmel. 

Waterford,  Waterford,  Suir. 

The  established  religion  and  ecclesiastical  discipline  of 
Ireland  are  the  same  as  in  England.  But  the  prevailing  reli- 
gion is  the  Roman  Catholic:  and  sectaries  of  various  denomi- 
nations are  met  wilh  as  in  England. 

There  are  four  archblshopricks,  viz.  Armagh,  Dublin,  Cashcl, 
and  Tuam. 

There  are  eighteen  bishopricks,  viz.  Clogher,  Clonfert, 
Cloyne,  C(irk,  Dcrrv,  Down,  Droniore,  Elphin,  Kildare,  Klllala, 
Kilmore,  Killaloe,  Leighlin,  Limerick,  Meath,  Ossory,  Raphoe, 
and  Waterford. 

There  is  only  one  University  in  Ireland,  namely,  that  of 
Dublin  ;  the  Royal  College  of  Maynooth  is  for  the  education 
of  young  men  of  the  Roman  Catholic  religion. 

The  chief  cities  arc  Dublin,  the  capital,  about  ten  miles  in 
circumference,  containliiir  120,000  inhabitants;  Cork,  the 
second  city,  has  a  po|)u|:ilion  of  80,000  inhabitants,  and  is  the 
grand  market  of  Irish  provisions;  Limerick,  the  third  city, 
containing  (iO.OllO  inhaliitants.  exports  beef,  hides,  tallow,  and 
butter.  Waterford  has  .'J/i.OOO  inhai>ltants,  and  exports  similar 
commodities.  Galway  carries  on  a  trade  » ith  the  West  Indies  ; 
Sligo  is  an  increasing  town,  and  Castlebar  is  also  prosperous. 
Londonderry  is  not  so  famous  for  its  commerce  as  for  its  ancient 
and  military  fame.  But  Belfast,  originally  a  Scottish  colony, 
now  boasts  a  population  of  -20,000  people,  employed  in  the 
manufacture  of  cotton,  cambric,  sail-cloth,  linen,  white  glass, 
sugar,  and  earthenware.  Dundalk  manufactures  linens  and 
muslins;  l)roghe<la  exports  grain;  and  Wexford  is  noted  for 
its  woollen  manufactories. 

A  canal  joins  Dublin  by  an  inland  navigation  with  Limerick 
and  Waterford ;  and  there  is  another  canal  from  Newry  to 


Loch  Neagb.  The  principal  rivers  are,  the  Shannon,  the  Suir 
the  Blackwater,  the  Bann,  and  the  Lilley.  And  the  chief  lakes 
are.  Loch  Erne,  Loch  Neagb,  Loch  Corrib,  Loch  Rea,  and 
Loch  Derg. 

The  climate  of  Ireland  is  mild,  and  favourable  to  vegetation. 
And  the  face  of  the  country  is  more  level,  fertile,  and  abundant 
in  pasturage  than  Scotland.  But  the  farmers  are  oppressed 
by  speculators,  called  tnidrlle  men,  who  rent  farms  from  ihe 
landlords,  and  let  them  to  the  real  occupiers;  these  last  sutler 
c<|ually  with  the  proprietors,  from  this  shocking  system. 

Among  the  natural  curiosilies  of  Ireland,  we  must  not  omit 
the  picturcs(|iie  Lake  of  Killarney  ;  the  Isle  of  Inuisfallen, 
venerable  and  romantic;  and  the  Giants'  Causeway,  GOO  feet 
in  length,  aud  from  120  to  240  feet  in  breadth,  and  from  sixt.en 
to  thirty-six  feet  above  the  leicl  of  the  strand.  This  cause- 
way, which  is  situated  about  eight  miles  north-east  from  Cole- 
raiiie,  consists  of  many  thousand  pillars,  mostly  in  a  vertical 
position,  some  high,  others  broken,  but  in  general,  sulliciently 
level  to  form  a  pavement  projecting  into  the  sea  to  an  extent 
unknown  to  man. 

The  isles  belonging  to  Ireland,  are  Lambey,  north-east  of 
Dublin  ;  at  the  south-eastern  extremity  appear  the  Sallee  isles 
and  the  rocks  of  Tashard  ;  Clare,  at  the  southern  extremity,  is 
chiefly  famed  for  its  promontory.  Cape  Clear.  The  Hog  Islands, 
the  Skellegs.  V  alentia.  and  the  Blaskcts,  are  on  the  north-west 
and  olf  the  coast  of  Kerry.  The  South  Arran  Isles  lie  in  the 
Bay  of  Galway,  and  the  islands  of  North  Arran  are  off  the 
coast  of  Donegal. 

Sweden,  Lapland,  and  Norway.— Sncdca,  on  the  north-west 
ofEurope,  is  ll')0  miles  in  length,  and  from  the  Norwegian 
Alps  to  the  limits  of  Russin,  about  600  miles  in  breadth,  Tli>' 
contents  in  square  miles  are  208.912,  and  the  inhabitjints  being 
reckoned  3,000,000,  there  will  be  14  to  every  square  mile. 

Sweden  is  divided  into  several  provinces,  fir.  Sweden  pro- 
per, West  Norland,  Swedish  Lapland,  East  Bothnia,  Finland, 
and  Norway. 

The  established  religion  is  Lutheran,  There  are  one  arch- 
bishopric, thirteen  prelacies,  and  2637  parishes.  The  priests 
are  in  number  1378,  witli  134  vicars,  and  1!J2  inspectors. 

The  government  is  absolute  monairhy  ;  and  the  diet,  or  par- 
liament, consists  of  nobles,  landed  gentlemen,  clergy,  bur- 
gesses or  deputies  of  towns,  and  those  of  the  peasantry. 

Sweden  possesses  only  one  colonial  possession,  the  island  of 
St.  Bartholomew  in  the  West  Indies.  Its  army  is  about  48,000 
men;  and  its  navy  about  twenty  ships  of  the  line.  The  revenue 
about  £1,500,000  ;  the  national  debt  £10,000,000  sterling. 

In  their  manners,  the  Swedes  allect  the  politeness  and  frivo- 
lities of  the  French  ;  the  men  arc  commonly  robust,  the  women 
slender  and  elegant. 

The  Utiiversities  are  those  of  Upsal,  containing  about  500 
students;  Liinden,  .300;  and  Abo,  equalling  that  of  Upsal. 

The  chief  towns  are  Stockholm,  the  ca|)ital,  built  on  seven 
small  islands,  and  resembling  Venire,  but  vvilli  trcalcr  diversity 
of  prospect,  aud  scenery  more  truly  singular  and  romantic. 
Upsal,  the  only  archhishoprie,  contains  about  3000  inb.Tbilants, 
exclusive  of  the  students.  Gothenhurgh.  in  West  Gothland,' 
has  20,000  inhabitants,  and  carries  on  considerable  commerce, 
and  a  brisk  herring  hshcrv. 

Carlskrona,  founded  by  Charles  XI.  in  1C80,  contains  about 
11,000  inhabitants;  and  Abo,  in  Finland.  8760. 

Sweden  manufactures  iron  and  steel,  copper  and  brass, 
cloths,  hats,  watches,  and  sail  cloths.  The  miners  amount 
to  25.000. 

The  great  forests  of  Sweden  and  Norway  consist  chiefly  of 
pine  and  flr,  spruce  tir ;  the  former  is  called  the  red,  the  latter 
the  uhite  wood  of  commerce. 

The  winter  maintains  a  lengthened  and  drearv  sway  in  the 
iiortli  of  Sweden  ;  and  the  gulf  of  Bothnia  becomes  one  vast 
field  of  ice.  In  the  south,  Sweden  resembles  Scotland  in  tem- 
perature of  climate.  In  the  north,  on  the  other  hand,  in  the 
summer,  the  climate  is  hot,  from  the  great  length  of  the  days, 
and  the  rellection  of  the  sun's  rays  from  the  immerous  moun- 
tains; for  at  Tornea,  in  Swedish  Lapland,  the  sun  never  sets 
for  some  weeks  toijether.  The  Aurora  Borealis  sheds  its  ruddy 
light  through  the  sky,  and  cheers  the  darkness  of  the  winter. 
Sweden  is   more   divcrsilied   than   any  country  of  Europe 
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except  SHitzerland:  extipsive  lakes,  large  pellucid  rirers, 
winding  streams,  foaming  cataracts,  glooaiy  forests,  verdant 
vales,  and  rocks  piled  on  rocks,  on  all  hands  greet  the 
traveller. 

The  Swedish  rivers  are  numerous,  on  account  of  the  lakes 
and  mountains.  The  chief  arc  the  Ells,  the  GoUia,  the  Motalo, 
the  Dahl,  and  the  IJothnia.  The  lakes  are  those  of  VVener, 
VVeter,  Meier,  Hielmar,  Stor,  Enara,  Hcrnarba  Staer,  or  the 
great  lake,  Ternea,  and  the  Pajana  in  Finland,  eighty  miles  in 
length,  and  fourteen  miles  in  breadth. 

The  chief  mountains  are  those  which  divide  Sweden  and 
Swedish  Lapland  from  Norway;  and  from  these,  successive 
ranges  diverge  in  a  south-east  direction.  The  centre  of  this 
chain,  like  that  of  the  Pyrenees,  is  the  loftiest  part,  and  it 
declines  towards  Lapland. 

There  are  few  species  of  trees  in  Sweden  beside  the  fir,  the 
mountain  ash,  the  alder,  the  birch,  and  the  willow;  but  in  the 
south,  the  lime,  the  elm,  the  ash,  and  the  oak  llourish.  And 
the  inner  bark  of  the  fir,  mixed  with  rye-meal,  furnishes  to  the 
poor  a  coarse  bread  in  time  of  scarcity. 

The  Swedish  horses  are  small,  but  of  good  mettle.  The  bear, 
the  lynx,  the  wolf,  the  beaver,  the  otter,  the  glutton,  the  fljing 
squirrel,  the  rein-deer,  falcons,  eagles,  ducks,  geese,  and  an 
infinite  variety  of  game,  are  found  in  Sweden,  and  Swedish 
Lapland. 

The  mines  of  Sweden  are  the  grandest  in  Europe  ;  as,  the 
gold  mines  of  Adelfors,  in  the  province  of  Smoland  ;  the  silver 
mines  of  Salberg,  thirty  miles  west  of  Upsal ;  the  cupper  mine 
in  Delecarlia;  the  iron  mines  of  Danamora ;  and  an  entire 
mountain  of  iron  ore,  near  Tornea,  in  Lapland. 

The  Swedish  islands  in  the  Baltic  are,  Rugen,  Oeland,  Goth- 
land, and  the  isles  of  Aland,  at  the  entrance  of  the  Gulf  of 
Bothnia. 

Norway. —  Norway,  ceded  to  Sweden  by  Demnark,  in  lieu  of 
Pomerania,  is  divided  into  Christiansand,  Aggerhaus,  Bergen, 
Drontheim,  Norland,  and  Finmark.  The  population  is  esti- 
mated at  700,000,  and  has  remained  pure  and  unmixed  by  con- 
quests ;  hence,  the  Norwegians,  the  descendants  of  the  ancient 
Fins  and  Laps,  still  retain  the  muscular  frame,  the  fresh  coun- 
tenance, and  the  yellow  or  red  hair  of  the  Normans.  The 
Peasantry  are  frank  without  ostentation,  and  undaunted  with- 
out insolence.  Their  ordinary  dress  is  grey,  with  red  button- 
holes, and  white  metal  buttons;  and  the  women  dress  in  a 
petticoat  and  shift,  with  a  close  collar  round  their  throat,  and 
a  black  sash.  The  Laplanders,  or  Norwesians  of  Finmark  or 
Lapmark,  are  of  a  small  size,  generally  about  four  feet,  with 
large  heads,  high  check-bones,  swarthy  complexions,  wide 
mouth  and  thick  lips,  dark  eyes,  and  short  black  hair.  Their 
usual  dresses  are  red  caps  lined  with  fur,  and  robes  of  cloth 
or  skin. 

The  religion  of  Norway  is  the  Lutheran,  and  there  are  four 
bishoprics.  The  parochial  clergy  are  maintained  by  their 
glebes,  tithes,  and  surplice  fees. 

In  Lapland,  the  sun  is  absent  for  seven  weeks  at  a  time  ;  but 
the  stars  are  then  visible,  and  from  ten  to  one  in  the  day  time 
there  is  a  kind  of  twilight,  by  which  a  person  may  see  to  read 
without  artificial  light. 

There  are  four  grammar  schools  in  Norway,  and  a  special 
seminary  for  the  Laplanders  at  Bergen. 

The  thief  towns  of  Norway  are  Bergen,  the  capital,  contain- 
ing a  population  of  19,000  souls;  Christiana,  with  a  population 
of  10,(100  inhabitants;  and  Drontheim,  the  ancient  residence  of 
the  kings  of  Norway,  8,000  souls.  The  chief  products  of  Nor- 
way are  wood,  goats'  hides,  silver,  copper,  iron,  &c. 

Though  the  most  mountainous  country  in  the  world,  Norway 
boasts  a  salubrious  atmosphere  ;  its  inhabitants,  in  general, 
attain  a  good  old  age;  and  though  the  weather  in  winter  is 
cold,  the  harbours  are  seldom  frozen.  The  highest  land  is 
2,655  feet  above  the  level  of  the  sea  ;  the  loftiest  vale,  '2,000 
feet ;  and  the  pine  prows  at  an  elevation  of  3.(>00  feet. 

The  chief  river  in  Norway  is  the  Glomen,  full  of  cataracts 
and  shoals  ;  yet  50,000  trees  are  annually  floated  down  its 
stream  to  Frederickstadt.  Next  in  consequence  is  the 
Dramrae,  then  the  Louven,  the  Torrisdals,  the  Tana,  and  the 
Alten.  The  lakes  are  those  of  Mioss,  Rands,  T\ri,  and  Foe- 
mund.     The  first  is  sixty  miles  long,  the  second  fifty,  but  uot 


more  than  two  in  breadth,  the  third  is  fifteen  miles  long,  and 
exhibits  an  enchanting  picture  of  bays  and  creeks,  diveisified 
by  corn-fields,  fertile  meadows,  and  hanging  forests ;  and  the 
last  is  thirty-five  miles  long  and  eight  broad.  The  Maelstroom, 
a  whirlpool  on  the  sea-shore  of  Norland,  proves  dangerous  to 
boats,  and  even  to  the  majestic  whale. 

The  Danish  Dominions. — The  kingdom  oi  Denmark  consists 
of  Zealand,  Holstein,  Lunenberg,  Jutland,  Iceland,  and  the 
Feroe  Islands.  Zealand  is  an  island  at  the  entrance  of  the 
Baltic  ;  Holstein  and  Lunenberg  border  on  Germany  ;  Jutland 
is  a  tongue  of  land  projecting  from  the  continent  at  Holstein  ; 
Iceland  is  a  large  island  in  the  Arctic  Ocean  ;  and  the  Feroe 
Islands  lie  north-west  of  Shetland. 

The  established  religion  is  the  Lutheran;  and  in  Denmark 
proper  there  arc  six  bishoprics,  and  two  in  Iceland.  The 
chief  see  is  that  of  Zealand,  which  yields  about  £1,000  per 
annum.  The  parochial  clergy  are  maintained  by  their  glebes, 
tithes,  and  surplice  fees.  In  Jutland,  however,  some  of  the 
livings  do  uot  exceed  £20  a  year.  The  government  is  absolute 
monarchy,  but  exercised  with  mildness. 

The  population  is  about  two  millions  and  a  half,  the  square 
contents  of  territory  180,000  miles,  therefore  there  are  twelve 
inhabitants  to  a  square  mile.  The  army  is  about  70,000  men. 
The  reveuue  of  Denmark  is  £543,554  ;  Sleswick  and  Holstein, 
£300.000;  the  West  India  islands,  £262,000;  the  customs  at 
the  Sound,  £122,554;  Altona,  £3,150.  The  maintenance  of 
the  government  amounts  to  £1,050,000.  The  national  debt  is 
£2,600,000. 

The  colonial  possessions  are  Tranquebar,  on  the  coast  of 
Coroiuandel  ;  Christianburgh,  on  the  coast  of  Guinea  ;  a  small 
part  of  Greenland;  St.  Jan,  St.  Thomas,  and  St.  Croix,  in  the 
West  Indies. 

The  Danish  peasantry  are  vassals,  idle,  dirty,  and  dispirited; 
but  the  superior  classes  difl'er  little  from  their  neighbours  oti 
the  continent  of  Europe.  Every  parish  of  Denmark  is  provided 
with  two  or  three  schools  ;  and  the  masters  teach  the  youth 
their  native  language,  writing,  and  arithmetic.  But  in  Hol- 
stein there  are  sixteen  grammar  schools,  eleven  in  Sleswick, 
and  nineteen  in  Jutland  or  Denmark  proper,  maintained  at  the 
royal  expense.  The  universities  are  those  of  Copenhagen 
and  Kiel. 

The  chief  cities  are  Copenhagen,  the  capital,  in  the  island  of 
Zealand,  with  90,000  inhabitants  ;  and  Altona  on  the  Elbe, 
close  to  Hamburgh,  with  a  population  of  25,000  inhabitants. 
At  Elsinore,  all  foreign  ships  entering  the  Baltic,  pay  a  toll  or 
custom-due.  The  canal  of  Kiel,  tn  cnty  miles  in  length,  unites 
the  Baltic  with  the  Eyder,  which  falls  into  the  German  sea. 

Denmark  exports  corn,  horses,  and  black  cattle ;  butter,  fish, 
tallow,  hides,  oil,  tar,  pitch,  resin,  and  timber;  and  it  imports 
silks,  broad  cloths,  wine,  brandy,  salt,  furniture,  and  colonial 
produce. 

The  soil  of  Jutland  and  Holstein  resembles  that  of  England; 
and  the  process  of  agriculture  is  excellent  in  the  south. 

The  chief  river  is  the  E\dar,  the  ancient  boundary  between 
Denmark  and  Germany.  In  Denmark  proper,  there  are  some 
hills  and  forests,  but  no  mountains. 

Iceland  is  200  miles  long,  200  broad,  and  contains  50,000 
inhabitants.  This  island  is  famous  for  its  volcanic  mount 
Hecia,  its  boiling  springs,  sulphureous  rivers,  and  the  litera- 
ture of  its  natives. 

The  Feroe  Islands,  seventeen  in  number,  have  a  population 
of 5,000;  but  though  not  unfertile,  their  products  are  scanty; 
and  they  are  chiefly  famed  for  many  singular  ranges  of  basaltic 
columns. 

The  Russian  Empire. — Russia  is  the  most  extensive  empire 
in  the  world;  its  length  being  9,200  miles,  its  breadth  2,400 
miles,  and  its  superficial  contents  1,200,000  square  miles.  Its 
entire  population  is  fifty  millions  of  inhabitants,  thousands  of 
whom  are  mere  barbarians  and  savages. 

Its  religion  is  the  Greek  Church  ;  the  clergy  are  67,000,  ana 
are  exempt  from  taxes.  There  are  thirty  bishoprics,  18,350 
cathedrals  and  parish  churches  in  this  empire;  the  monasteries 
arc  480;  the  monks  7,300;  the  nunneries  741,  and  the  nuns 
3,000. 

The  government  is  a  military  despotism  ;  the  laws,  the  will 
of  the  emperor ;  and  the  provinces  are  managed  by  viceroys. 
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The  greater  part  of  the  peasantry  or  boors  are  serfs  or  slaves  ; 
and  in  the  bank  belonging  to  the  goverument,  a  slave  was  wont 
to  be  taken  in  pawn  for  forty  roubles! 

The  chief  colonics  of  Russia  are  on  the  eastern  coast  of  the 
Asiatic  continent ;  her  army  is  immense,  but  her  navy  incon- 
siderable ;  the  revenue  is  not  above  £12,000,000;  but  there  is 
liardly  any  national  debt. 

The  manners  and  eustoms  of  the  Russians  are  as  various  as 
their  distinct  countries  or  races  ;  and  may  be  viewed  as  those 
of  the  Laplander,  the  Tartar,  the  Asiatic,  the  Parisian,  and 
the  Pole. 

The  chief  towns  are  Moscow,  Petersbnrgh,  Archangel,  To- 
bolsk, Irkutsk,  Revel,  Astracao,  Clierson,  Smolensko,  &e. 
Moscow  contained  1,000  places  of  public  worship,  before  it 
was  burned  in  1812,  and  its  public  buildings  were  the  most 
magnificent  in  Europe.  Petersburgh  boasts  an  extensive 
commerce  ;  Cherson  is  the  chief  mart  in  the  south  of  Russia; 
and  Astracan  carries  on  mueh  trade  with  Persia  and  India. 

Russia  has  an  extensive  inland  navigation  of  2,400  miles, 
between  the  Baltic  and  Caspian  seas.  Its  manufactures  arc 
carried  on  with  spirit,  prosperity,  and  protit ;  and  its  internal 
and  foreign  commerce  is  very  considerable.  The  climate  of 
Russia  is  various,  on  account  of  its  great  extent,  both  north 
and  south.  In  the  north,  the  winters  arc  intensely  cold  ;  in 
the  south,  they  are  mild  ;  and  summer  in  both  is  warm  and 
genial.  The  soil  is  various,  pasturage  is  abundant,  and  though 
the  harvests  are  plentiful,  agriculture  is  conducted  with  great 
negligence.  The  rivers  of  Russia  are  numerous,  and  generally 
on  a  grand  scale  ;  as,  for  instance,  the  Volga,  the  sovereign  of 
European  rivers ;  the  Don  or  Tanais  ;  the  Neiper  or  ancient 
Boristhenes  ;  the  Dwina  ;  the  Bog,  or  Hypanis  ;  the  Nicster  ; 
the  Narva  ;  the  Duna  ;  and  the  Niemen.  The  lakes  are  those 
of  Imandra,  in  Russian  Lapland  ;  Onega,  1 JO  miles  long  and 
thirty  broad,  and  Ladoga,  130  miles  long,  and  thirty  broad,  in 
the  government  of  Onetz  ;  the  lake  Peypus,  sixty  miles  long 
by  thirty  broad  ;  the  lake  Ilmen  ;  the  Beilo,  or  White  Lake  ; 
and  the  Seliger,  in  the  government  of  Tver. 

The  mountains  are  those  of  Olonetz  and  Ural,  which  separate 
Europe  from  Asia.  But  in  general,  Russia  is  a  desert  and 
level  country. 

The  animals  peculiar  to  Russia  are  bears,  wolves,  lynxes, 
elks,  camels,  horses,  sheep,  reindeer,  poultry,  game,  &c.  The 
mines  are  chielly  iron  ore,  at  Dougna,  near  Smolensk;  but  in 
the  Uralian  mountains  gold  has  been  discovered. 

Among  the  natural  curiosities,  the  grotto  of  Kurgur,  on  the 
western  side  of  the  Uralian  mnuntains,  is  of  great  extent,  con- 
taining many  subterraneous  lales  and  meadows.  The  ice- 
bergs which  float  in  the  Arctic  Ocean  reflect  all  the  colours  of 
the  rainbow,  and  seem  so  many  cathedrals  of  crystal,  adorned 
with  silver  pinnacles. 

The  chief  islands  belonging  to  Russia,  are  Cronstadl,  in  the 
Gulf  of  Finland;  Ocscl  and  Dago,  in  the  Baltic,  peopled  by 
Estonians,  or  Livonians  ;  Nova  Zembla,  in  the  White  Sea  ; 
Spitzbergen  ;  the  dreary  group  of  isles  called  the  Seven  Sisters  ; 
the  Kanitsehadale  Islands,  comprising  the  Kurile  Isles,  the 
Aleutian  Islands,  and  the  Renaiski  group. 

Prussia. — Prussia  dates  its  consequence  as  a  kingdom 
among  the  states  of  Europe,  at  the  commencement  oS  the  18th 
century.  Its  acquisition  of  territory  since  1814,  has  been  con- 
siderably increased  by  Russia  and  Great  Britain,  that  the 
balance  of  power  might  be  more  advantageously  distributed 
between  the  north  and  the  south  of  Europe.  The  extent  of 
Prussia  is  now  about  COO  miles  long  by  300  broad  ;  and  it 
comprehends  the  I'ullowing 

Divisintis.  Towns.  Rivers. 

1.  The  Kingdom  of  Prussia,  Konigsburg,        Pregal, 

2.  Polish,  or  Western  Russia,        Dantzic,  Vistula, 

3.  Part  of  Silesia,  Breslaw,  Oder, 

4.  Electorate  of  Brandenburg,        Berlin,  Spree, 

5.  Part  of  Pomerania,  Stettin,  Oder, 
(i.  Part  of  Lower  Saxony,  Magdeburg,  Elbe, 
7.  Part  of  Westphalia.  Einbden.  Ems. 
The  population  is  estimated  at  nine  millions;  and  in  their 

manners  and  customs,  the  Prussians  resemble  their  German 
neighbours     They   are,  in  general,  industrious,  honest,  and 
brave. 
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The  religion  is  Protestant,  nnder  the  two  divisions  of  Luthe- 
ran and  Calvinistic  ;  though  by  its  recent  acquisitions  Prussia 
has  now  many  Roman  Catholic  subjects.  The  power  of  the 
clergy  is  inconsiderable.  The  government  approaches  a  mili- 
tary despotism,  supported  by  an  army  of  200,000  troops ;  and 
the  perpetual  supply  of  recruits  for  this  force,  creating  a  con- 
stant uncertainty  of  destination  for  life,  impedes  greatly  the 
national  education.  The  universities  are  those  of  Frankfort 
on  the  Oder;  Konigsberg  and  Pasna  or  Pasen.  The  chief 
towns  are  Berlin,  the  capital,  containing  a  population  of 
142.000  inhabitants;  Konigsberg,  50,000  ;  Breslaw.  the  capital 
of  Silesia  ;  Brandenburg;  Frankfort  on  the  Oder;  Magdeburg; 
Neufchatel  ;  Stettin,  and  Thorn. 

The  manufactures  of  Prussia  are  chiefly  glass,  iron,  brass, 
paper,  woollen  cloth,  and  silk,  mostly  for  home  consumption; 
and  the  exports  are  timber,  corn,  tallow,  skins,  leather,  flax, 
hemp,  and  linens,  which  pass  for  Dutch  manufacture. 

In  general  the  climate  of  Prussia  is  cold  and  moist ;  and  the 
lower  parts  of  Silesia  arc  the  most  healthy.  Though  Prussia 
proper  is  fertile,  the  whole  district,  from  Berlin  to  Potsdam, 
resembles  a  wilderness ;  and  the  peasantry  arc  oppressed  by 
taxation  and  levies  for  the  army. 

The  chief  rivers  are  the  Elbe,  the  Spree,  the  Havel,  the 
Oder,  the  Vistula,  the  Pregal,  and  the  Memel.  The  lakes  are 
the  Spel<ling-Sce,  and  the  estuaries  of  the  Oder,  the  Vistula, 
and  the  Memel,  called  respectively  the  Grass  HalT,  the  Frisce 
Had',  and  the  Curische  Half.  The  mountains  are  chiedy  situ- 
ated in  Silesia,  and  may  be  considered  as  northern  branches  of 
the  Carpathian,  yet  in  the  north-west  part  of  Silesia,  the  Sjjits- 
berg  and  Graftzberg  are  detached  mountains,  somewhat  less 
elevated  than  the  Carpathian  chain. 

Silesia,  bordering  Hungary,  presents  continuoas  forests ;  and 
the  forest  of  Masavia,  not  far  from  Warsaw,  is  a  famous  haunt 
of  the  Urus,  or  wild  cattle  of  Lithuania.  Prussia  possesses 
some  iron  foundcrics;  coal  is  found  in  Silesia;  and  the  Sam- 
land  shore  of  the  Baltic  is  the  repository  of  amber. 

Gtrmant/. — Germany  is  situated  in  the  middle  of  Europe ; 
its  length  is  (iOO,  and  its  breadth  ,000  miles.  This  country  is 
chiefly  remarkable  for  its  political  subdivisions  into  electorates, 
grand  duchies,  duchies,  marquisates,  principalities,  bishop- 
rics, and  free  cities.  These  are  all  independent  states  united 
by  a  political  tie,  under  the  title  of  the  Germanic  Confcrln-atioii. 

The  conmionly  received  division  of  Germany  is  into  nine 
parts,  called  circles  ;  namely. 

Three  Northern.  Three  Middle.  Three  Soulhem. 

Westphalia,  Lower  Rhine,  Swabia, 

Lower  Saxony,  Upper  Rhine,  Bavaria, 

Tapper  Saxony,  Franconia,  Austria. 

Note. — These  circles  are  again  subdivided  into  principalities, 
electorates,  &c.  among  more  than  200  independent  princes; 
but  Lubcck,  Frankfort,  Bremen,  and  Hamburg,  are  sovereign 
states,  governed  by  their  own  magistrates. 

The  climate  of  Germany  is  temperate,  inclined  rather  to 
cold  than  heat,  and  the  soil  is  rich  and  fertile  both  for  corn 
and  pasture. 

In  their  character  the  Germans  are  open  and  free  ;  inured 
to  labour,  they  are  dexterous  in  manufactures,  fruitful  in  in- 
ventions, and  when  called  into  the  army  make  good  soldiers. 
The  population  is  twenty-five  millions,  and  the  army  400,000 
contingent  troops. 

The  religion  of  north  Germany  is  the  Reformed  or  Protestant, 
while  in  the  south  the  Roman  Catholic  failh  prevails.  And  the 
government  is  aristoeratical,  but  itschief  magistrate  may  be  of 
the  Catholic,  the  Lutheran,  or  the  Calvinistic  faith. 

The  chief  rivers  are  the  Elbe,  the  Wcser,  the  Rhine,  and  the 
Danube.  The  chief  towns  are  Dresden,  Meissen,  \\'illcn- 
burg,  Magdeburg,  and  Hamburg,  on  the  banks  of  the  Elbe  ; 
Bevern,  Miiidcn,  and  Bremen,  on  the  banks  of  the  ^^■eser ; 
Dusseldorf,  Coblentz,  Heidelberg,  on  the  Rhine;  Ulni,  Ncn- 
burg,  Ralisbon,  Passau,  Vienna,  and  Presburg,  on  the  Danube  ; 
Munich,  Prague,  Stutgard,  and  Frankfort. 

The  chief  lakes  are  those  of  Plau,  in  the  duchy  of  Mecklen- 
burg; the  Baden-See,  or  lake  of  Constance;  and  the  Chiem- 
See,  in  Upper  Bavaria.  The  mountains  are  those  of  the  Hariz, 
forming  a  fine  amphitheatre,  30(M)  feel  high  at  the  great  Broken, 
its  greatest  ridge;  the  Minden  Hills  in  Westphalia;  the  Erzgc- 
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berg;,  or  Metallic  Mountain,  extendin«c  between  Bohemia  and 
Saxony,  and  supplying;  silver,  tin,  and  other  metals  ;  the  moun- 
tains of  the  Black  Forest;  the  Tyrolese  Alps  ;  and  the  Carpa- 
thian chain.  The  Drondinj^-vvald  (Corest)  is  to  the  north  of 
Mag;deburg;  the  Sollinge-wald,  are  the  woody  mountains  of 
thcHartz;  the  Luttcn-wald  is  the  Thurinjrian  forest;  in  the 
south  is  the  forest  of  Spessart  ;  the  Black  Forest  is  south  of 
the  !Mayn  in  Swabia.  The  oak  is  the  prevailing  tree  in  all 
these  forests  ;  and  the  wild  boar  feeds  on  its  fruit. 

The  chief  German  states  on  the  north  of  the  Mayn,  are 
Saxony,  Brunswick,  Lunenbur<r,  Hessia,  Mecklenburtf,  the 
duchy  of  Brunswick,  the  city  of  Hamburg,  some  smaller  states, 
and  the  ecclesiastical  powers. 

Saxuni/. — In  this  division  the  Elector  of  Saxony  is  the  chief 
potentate,  and  his  dominions,  (which  include  Saxony  proper, 
Voifftland,  in  the  south;  Lusatia,  in  the  east;  apartofThu- 
rinpa,  in  the  west;  and  a  part  of  Misnia  and  Heneberg.) 
extend  from  east  to  west  200  miles,  and  from  north  to  south 
about  130  miles. 

The  religion  of  Saxony  is  the  Protestant;  the  bishoprics  are 
Merseberg  andNaumberg;  the  sovereign  can  issue  no  laws 
without  the  consent  of  the  nobles,  the  clergy,  and  the  burgesses, 
who  assemble  sexlennially  to  regulate  the  taxes  and  imposts ; 
the  army  is  computed  at  24,000  men. 

The  chief  cities  are  Leipsic,  the  celebrated  mart  of  German 
literature,  with  a  population  of  30,000  inhabitants  ;  and  Dres- 
den, with  a  population  of  50,000  inhabitants.  The  chief  manu- 
factures are  thread,  linen,  laces,  ribbons,  velvets,  carpets, 
paper,  colours,  glass,  and  porcelain. 

Saxony  is  famous  for  its  tin,  copper,  lead,  iron,  and  silver 
mines;  and  its  agricultural  products  are  both  numerous  and 
plentiful.  Indeed,  the  country  between  Meissen  and  Dresden 
rivals  the  north  of  Italy,  and  many  parts  of  Germany  are  in- 
debted to  it  for  hops,  flax,  hemp,  tobacco,  saffron,  madder, 
and  wine. 

T/ic  Kingdom  of  Hanover. — The  electorate  of  Brunswick 
Lunenberg,  or  Hanover,  has  been  erected  into  a  kingdom 
dependent  on  Great  Britain,  since  the  peace  of  Paris  in  1814. 
This  electorate  comprises  Luneberg,  Bremen,  Verden,  and 
Saxe  Lunenberg,  adjacent  to  Holsteiu,  on  the  north  bank  of 
the  Elbe.  In  the  south  it  has  Calenburg,  and  Grubenhagen  ; 
in  the  west  Diepholtz  and  Hoya ;  and  Danueberg  in  the  east. 
Its  length  is  180  miles  from  east  to  west,  and  about  100  from 
north  to  south. 

The  religion  is  Lutheran,  and  the  government  is  conducted 
by  a  council  of  regency,  appointed  by  the  king  of  Great 
Britain. 

The  chief  towns  are  Hanover,  containing  about  16,000  inha- 
bitants:  Gottingen,  7,000  souls;  Verden,  Luneburg,  Lunen- 
burg, Zell,  Eiubeek,  and  Osterode.  Tiie  manufactures  are 
linen,  cotton,  and  broad  cloths  ;  the  exports,  metals,  linens, 
timber,  cattle,  and  grain  ;  the  agricultural  products  are  wheat, 
rye,  barley,  oats,  peas,  haricots,  flax,  hemp,  tobacco,  madder, 
fruits,  potatoes,  &c. 

The  chief  rivers  are  the  Elbe,  the  Weser,  the  Lcina,  the 
Aller,  the  Ilmenau,  and  the  small  streams  of  Loha,  Lutter, 
Fuse,  and  Siber ;  and  there  are  a  few  small  lakes,  as  those  of 
Dieplwitz  and  Stinhuddcr ;  but  the  forests,  though  numerous, 
are  not  extensive. 

The  bishoprick  of  Osnabruck,  in  Westphalia,  is  considered 
an  appendage  of  Hanover.  A  prince  of  the  house  of  Hanover 
exercises  the  civil  and  criminal,  and  the  archbishop  of  Cologne, 
the  spiritual  superiority,  of  the  bishopric  of  Osnabruck,  whose 
inhabitants  are  computed  at  120,000  souls,  and  its  revenue  at 
£26,250  sterling. 

Hesse  Casscl. — Hessia,  or  Hesse  Casscl,  is  about  eighty 
miles  long,  and  about  the  same  in  breadth.  Its  inhabitants  are 
about  750,000  souls  ;  and  its  military  force  has  amounted  to 
12,000  men.  It  abounds  in  game  and  fish,  fossils  and  minerals  ; 
silver,  copper,  lead,  fine  clays,  marble,  and  alabaster  are  also 
found;  and  the  vales  are  diversified  with  vineyards  and  fields, 
fertile  in  corn  and  pasturage,  and  watered  by  the  Khine,  the 
Mayn,  and  numerous  smaller  rivers. 

The  religion  is  the  Reformed;  and  there  are  three  orders  of 
the  state,  nobles,  clergy,  and  burgesses,  from  Casscl,  Marburg, 
and  some  other  towns.    The  universities  arc  those  of  Marburi;, 


Rintelin,  and  Giessen.     Cassel  contains  about  22,000  inhabit- 
ants ;  the  county  of  Hanau  about  100,000  souls. 

jf'/ie  Ducliy  of  Mechknburg. — The  duchy  of  Mecklenburg  con- 
tains 4,800  square  miles,  peopled  by  375,000  inhabitants.  It  is 
divided  into  Schiverin  and  Gustro,  celebrated  for  their  lakes, 
heaths,  and  marshes,  with  a  sandy  soil  that  produces  only  rye 
and  oats.  The  religion  is  Lutheran,  with  six  superintendants 
and  an  university  at  Rostock.  The  taxation  is  regulated  by 
the  states,  consisting  of  the  nobility  and  burgesses.  The 
manufactures  are  chiefly  wool  and  tobacco;  the  exports  by 
Lubec  and  Hamburg,  are  grain,  flax,  hemp,  hops,  wax,  honey, 
cattle,  butter,  cheese,  fruits,  feathers,  dried  geese,  tallow,  lin- 
seed, wool,  and  timber. 

Hamburg. — Hamburg,  the  third  city  of  Germany,  contains 
100,000  inhabitants,  who  are  ruled  by  an  aristocratic  senate  of 
thirty-seven  persons.  The  religion  is  the  Lutheran.  Its  trade 
lies  in  linen  and  woollen  cloth,  wines  and  sugars,  coffee, 
spiceries,  metals,  tobacco,  timber,  leather,  corn,  dried  fish, 
and  furs. 

The  Principalifi/  of  Oldenburg,  tVc. — The  principality  of  Olden- 
burg has  75,000  inhabitants ;  Pomerania,  now  the  property  of 
Denmark,  100,000  ;  the  principality  of  Anhalt,  about  100,000; 
Nassau,  130,000  ;  Schwartzburg  in  Thuringia,  100,000  ;  Wal- 
deck,  80,000 ;  the  county  of  Lippe  in  Westphalia,  95,000 ;  the 
county  of  Reuss,  66,000  ;  Frankfort  on  the  Mayn,  36,000  ;  and 
the  town  of  Papenburg,  with  its  3')00  souls,  in  East  Friesland, 
belongs  to  the  Baron  of  Landsberg  Veelen. 

The  Ecclesiastical  States,  (Vc— The  ecclesiastical  states  are, 
1.  The  elector  of  Mentz,  who  holds  the  city  of  Erfurth,  and 
15,000  inhabitants.  2.  The  elector  of  Triers,  or  Treves.  3.  The 
elector  of  Cologne.  4.  The  bishoprics  of  Munster,  Osna- 
bruck, Paderborn  in  Westphalia,  and  Liege.  5.  The  bishop- 
ric of  Hildesheim,  in  Lower  Saxony.  6.  Of  Fulda,  in  the 
Upper  Rhine:  and,  7.  Wurtzburg,  in  Franconia.  The  eccle- 
siastical electorates  contain  a  population  of  300,000  inhabit- 
ants ;  the  bishoprics  average  from  70,000  to  200,000  each. 

The  German  states  south  of  the  Mayn,  are,  the  electorate  of 
Bavaria,  conjoined  with  the  Palatinate,  the  duchy  of  Wirtem- 
berg,  those  of  Anspach  and  Salzia,  with  the  smaller  states  and 
the  ecclesiastical  powers.  The  preponderating  powers  in  the 
south  of  Germany,  are  Bavaria  and  Wirtemberg;  now  erected 
into  kingdoms. 

The  Kingdom  of  Bavaria. — The  kingdom  of  Bavaria  is  divided 
into  Upper  and  Lower,  and  what  is  called  the  Higher  Palatinate; 
the  first  is  a  mountainous  country,  the  second  champaign  and 
fertile  ;  but,  in  general,  the  country  is  woody,  interspersed  with 
lakes  of  various  sizes.  The  religion  is  Catholic;  the  inhabit- 
ants about  two  millions  ;  the  revenue  £1,166,600;  the  military 
force  about  15,000  men.  The  chief  rivers  are  the  Danube,  the 
Inn,  the  Iser,  the  Lech,  the  Nab,  and  the  Neckar.  Munich, 
the  capital,  is  the  most  elegant  city  of  Germany,  and  its  popu- 
lation amounts  to  38,000  souls.  Landshut  and  Strauben  are 
in  Lower  Bavaria;  Ratisbon  is  an  imperial  city  ;  Manheim,  in 
the  Palatinate  of  the  Rhine,  contains  24,000  inhabitants  ;  and 
Heidelburg  is  famous  for  its  wines.  The  states,  or  parliaments, 
are  composed  of  the  clergy,  nobility,  and  burgesses.  The 
only  college  is  at  Ingolstadt,  but  Munich  has  an  academy  of 
sciences. 

The  Kingdom  of  Wirtemhirg . — The  kingdom  of  Wirteraburg 
contains  about  600,000  inhabitants,  and  next  to  Saxony,  is  the 
best  in  the  empire,  being  by  far  the  most  considerable  and  fer- 
tile part  of  the  circle  of  Swabia.  The  Black  Forest  supplies  it 
with  timber  and  fuel,  and  the  castle  of  Wirtemburg,  in  the 
bailliage  of  Canstadf,  gives  name  to  the  kingdom.  The  re- 
ligion is  Lutheran,  and  the  church  is  ruled  by  four  superinten 
dants,  called  abbots,  and  thirty-eight  rural  deaus.  The  chief 
city  is  Stutgard  ;  and  Zubingcn,  the  second  city,  is  celebrated 
for  its  university. 

3Jinor  States. — Anspach,  or  Onolsbaeh,  with  Bayreutb,  lias  a 
population  of  320,000,  on  2,300  sijuare  miles  of  territory.  The 
principality  of  Bayreuth,  or  Culmbach,  with  Onolsbaeh,  forms 
the  chief  power  of  Franconia,  now  annexed  to  the  sovereignty 
of  Prussia. 

The  margraviate  of  Baden,  situated  between  the  Rhine  and 
the  kingdom  of  \^'irtemburg,  is  fertile  in  wine,  corn,  and  fruit, 
and  has  abundance  of  fish,  wood,  and  game.     The  population 
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is  estimatcil  at  200,000  inhabitants  ;  and  the  city  of  Nuremberg 
contains  30,000  souls. 

Salzia,  and  the  archbishopric  of  Saltzburjr,  possesses  a 
population  of  250,000  souls,  peopling  2,880  square  miles.  This 
see  was  founded  in  710,  by  St.  Rupert,  an  EnglishmaD,  and  the 
archbishop  is  primate  of  all  Germany. 

Saltzburg  has  20,000  inhabitants,  and  the  archbishopric 
sways  many  fair  lordships  in  Austria,  Stiria,  and  Carinthia. 
The  sees  south  of  the  Mayn,  arc:  1.  The  archbishopric  of 
Sallzburg;.  2.  The  bishopric  of  Wurtzburg.  3.  Bramburij, 
containing  180,000  souls.  4.  Speyr,  or  Spire,  50,000  inha- 
bitants. 5.  Aiclistett,  in  the  southern  corner  of  Franconia.  G. 
Augsburg,  in  Suahia.  7.  Constance.  8.  Strasburg.  'J,  Kemp- 
tin,  Buchau,  and  Lindau,  Abatial  territories;  with  the  priory  of 
Ellsvangen.  10.  The  bishopric  of  Passau,  in  Bavaria,  with  a 
population  of  25,000.  11.  That  of  Freysingcn,  with  the  terri- 
tory of  Wendenfels,  near  the  Rhactiau  Alps,  contains  23,000 
souls  :  and  12.  The  bishopric  of  Ratisbon. 

Austria. — The  Austrian  dominions  border  those  of  Russia 
and  Turkey  on  the  east;  Prussia,  Upper  Saxony,  Bavaria, 
and  Swabia,  bound  them  on  the  north  ;  Swisserland,  and  the 
Italian  states,  skirt  their  southern  limits.  In  lenglli  7G0,  in 
breadth  520  miles.  The  contents  in  square  miles  are  184,0OJ; 
and  there  are  184  inhabitants  to  every  square  mile.  Venetian 
Dalmatia,  and  some  Italian  territory,  has  fallen  to  the  lot  of 
Austria,  whose  population  is  now  about  30,000,000.  The  Aus- 
trian dominions  comprehend  : 

Chief  Towns.  liivers. 

1    Tu     C  The  Archduchy  )  ■,,.  ,  t\       u 

.'■T^'M       of  Austria,   ^  <\.enna„  Danube, 

circle  or    j    Duchy  of  Stiria,  Gralz,  Muchr. 

/   Carniola,  Laybach,  Laybach. 

V   Carinthia,  Clagenfurt,  Clan. 

2.  The  kingdom  of  Bohemia,  Prague,  Danube. 

Q    iv/r„.-„..;„  S  OIniutz  and 

J.  flloravia,  \      „ 

(      Brum). 

4.  Part  of  Silesia,  Troppau,  Oppa. 

5.  Part  of  Bavaria,  east  of  the  Inn. 
Upper  Hungary,     Presburg,  Danube, 
'lowcr  Hungary,     Buda,  or  Offcn, 
Sclavonia,                Kszeg,                 Drave. 
Croatia,                    Carlstadt,            Culp, 

Transylvania,  Hermanstadt. 

(  Lamburg,  or  )     ,, 

Poland,  bor-  (^— ""■"  \      Leopold,     S     ^"f''- 

dered  by  the   (  r    j      •   •  r^  ^r-  .    ■ 

river  Bii"      ^  Lodominia,  Cracow,  Vistula. 

The  established  religion  is  the  Roman  Catholic,  but  the 
government  is  exceedingly  tolerant  of  all  religious  persuasions  ; 
for,  in  Moravia  and  Bohemia,  Protestants  of  various  sects 
abound  ;  and  the  Lutherans  are  little  inferior  in  number  to  the 
Romanists.  The  government  is  absolute  monarchy,  supported 
by  an  enormous  military  force  of  above  300,000  men.  The 
revenue  is  computed  at  10,000,000  sterling,  and  the  national 
debt  at  40,000,000  sterling.  The  Austrians  are  reserved,  but 
civil  ;  and  their  women,  tliough  elegant  in  their  manners,  are 
destitute  of  those  mental  accomplishments  which  give  the 
females  of  France  and  Britain  such  an  ascendancy. 

Hungary  has  an  aristocratical  senate  ;  and  Austria  its  states, 
consisting  of  the  four  orders  of  clergy,  peers,  knights,  and  bur- 
gesses. The  laws  are,  however,  mild  and  salutary  ;  but  while 
the  Austrians  live  contented,  the  Hungarians  are  too  often 
dissatisfied  with  their  masters,  and  disposed  to  anarchy.  The 
universities  are  those  of  Vienna,  Prague,  Inspruek,  Gratz, 
Buda,  Dehrelzin.  and  Eriau. 

The  chief  cities  and  towns  arc,  Vienna,  the  capital  of  the 
Austrian  dominions,  on  the  south,  or  rather  the  west  side  of 
the  Danube,  containing  about  2.'>4,00O  inhabitants;  Prague, 
the  capital  of  Bohemia,  containing  80,000;  Gratz,  the  capital 
of  Stiria,  35,000  souls ;  Presburg,  the  capital  of  Hungary, 
270,000  inhabitants;  Buda,  20,000;  Lcmberg,  or  Leopold,  in 
Poland,  20  000;  Cracow,  the  ancient  capital  of  Poland,  24.000; 
Bruii,  in  Moravia,  18,000  ;  Olmutz,  in  the  same  country,  12,000  ; 
Troppau,  in  Austrian-Silesia,  12,000;  Inspruek  aiid  Trent, 
each,  10,000;  and  Trieste,  18.000. 

The  climate  of  Austria  is  mild  and  salubrious  ;  but  the  air  of 


0.  Hungary,   J   Li 
including     )  S( 
(.  Ci 
vania, 

^  Galilzia 


Hungary  is  damp  and  cold,  from  numerous  lakes  and  morasses. 
The  general  outline  of  the  Austrian  territory  is  finely  variegated, 
and  sulhciently  irrigated  for  every  species  of  European  vege 
table  product.     And  the  soil  is  fertile  and  productive,  notwith- 
standing the  general  neglect  of  agriculture. 

The  chief  rivers  are  the  Elbe,  the  Danube;  the  Tiess,  whiclh 
falls  into  the  Danube  near  Belgrade;  the  Save,  which  forms 
the  boundary  between  Austria  and  Turkey;  the  Drave,  which 
joins  the  Danube  below  Eszeg;  and  the  Inn,  which  joins  the 
Danube  at  Passau.  The  Raab  anil  the  Leytha  are  intermediate 
streams  between  the  Drave  and  the  Inn.  The  Mulda  joins  the 
Elbe  near  Mclnich  ;  and  the  Morau  joins  the  Danube  not  far 
from  Procoburg.  The  principal  lakes  are  those  of  Traun  and 
Ebernsec,  in  Austria  Proper;  Clagenfurt,  in  Carinthia;  the 
Cirknitz-see,  in  Carniola  ;  the  Platten-see,  in  Hungary,  abound- 
ing with  fisli ;  the  Neusidler,  in  the  vicinity  of  Eisenstadt ; 
Palitzen,  on  the  cast  of  the  Tiess  ;  and  the  Tsege  Zo,  in  Tran- 
sylvania. The  lake  of  Cirknitz  is  a  complete  natural  curiosity, 
eight  miles  long  by  four  broad.  In  the  month  of  June,  the 
water  descends  under  ground,  through  numerous  crevices  in 
the  bottom  ;  but  in  September  it  again  rcascends  with  consi- 
derable violence,  thus  yielding  rich  pasturage  in  summer,  and 
an  abundance  offish  in  winter. 

The  chief  mountains  are,  the  Rhaetian,  or  Tyrolese  Alps  ; 
the  Brenner  mountains,  or  Rhaetian  Alps  ;  the  glaciers  of  Vcr- 
ner,  west  and  north  of  Inspruek  ;  the  Lobel  mountains,  which 
separate  Carinthia  and  Carniola  ;  and  the  .Tulian,  or  Carnic 
Alps,  which  divide  Carinthia  from  Italy.  The  Carpathian 
mountains,  900  feet  high,  which  bound  Hungary  on  the  north 
and  east;  and  the  Sudetic  chain,  which,  branching  from  the 
Carpathian,  divides  Bohemia  and  Moravia  from  Silesia,  and 
the  Prussian  dominions. 

The  forests  in  Austria  are  both  numerons  and  extensive, 
clad  with  elm,  lime,  birch,  and  alder  trees;  oak,  chestnut,  and 
beech  trees  ;  the  black  and  white  poplar,  and  aspen;  syca- 
mores and  maples  ;  the  ash,  the  pine,  the  fir,  and  the  larch. 
Horses  run  wild  in  these  forests;  the  cattle  are  of  a  slaty-blue 
colour;  the  Hungarian  sheep  have  long  erect  spiral  horns,  and 
hairy  fleeces.  The  urns,  or  bison,  ranges  the  forests  of  Carpa- 
t'lia  ;  the  bear,  the  boar,  the  wolf,  the  chamois,  the  marmot, 
and  the  beaver,  are  among  the  numerous  wild  quadrupeds. 

The  Kinijdom  of  the  Netherlands. — This  kingdom,  comprising 
Holland  and  the  Low  Countries,  was  erected  into  a  sove- 
reignty, by  the  treaty  of  Vienna,  in  1815.  Holland  is  composed 
of  seven  provinces,  called  after  the  following  names,  with  their 
chief  towns  : 
The  I'rorinees  of  Chief  Towns  and  Rivers. 

Holland, Amsterdam,  nnd  the  Hague. 

Overvssel  \  Dervcnter,   on   the    river   Yssel,   and 

■'        ' (      Zwoll  on  the  river  Aa. 

Zealand, Middleburg,  on  the  isle  of  Walcheren. 

Friesland, Lcewarden  canal. 

Utrecht, I'trecht,  on  the  Rhine. 

Groningen, Groningen  canal. 

Guelderland, Arnhciin,  on  the  Rhine. 

Zutphen, Zutpben,  on  the  Yssel. 

Tliese  provinces,  with  the  Netherlands,  and  the  duchy  of 
Luxemburg,  comprise  the  most  fertile  countries  in  Europe, 
inhabited  by  7,000,000  of  wealthy  and  industrious  people.  The 
Dutch,  like  all  plain-dealing  people,  are  ceremonious,  rather 
than  polite;  and  in  distinction  to  a  Parisian  the  Hollander 
seems  to  say,  "  I  w'ould  rather  be  unmannerly  than  trouble- 
some." 

The  Protestant-Calvinislic  religion  prevails  in  Holland  ;  but 
in  the  Netherlands  there  are  numerous  Roman  Catholic  fami- 
lies ;  and  there  are  not  a  few  Lutherans  and  Jews  to  be  met 
with.  The  colonies  are  situate  in  the  East  and  West  Indies, 
and  at  the  Capo  of  Good  Hope.  The  army  may  be  computed 
at  (iO.OOO  troops  in  war-time,  and  the  navy  once  amounted  to 
about  forty  ships  of  the  line. 

At  Rotterdam,  Breda,  Middleburg,  and  Groningen,  there 
are  very  celebrated  Latin  schools  ;  Leydcn,  I'trecht,  Hardcr- 
wyck,  Tranecker,  and  Groningen,  arc  famous  for  their  univer- 
sities;  Amsterdam  and  Dcvenler  have  two  inferior  colleges: 
and  Hacrlerii  is  noted  fur  its  academy  of  sciences.  The  chief 
cities  and  towns  arc,  Amsterdam,  whose  popniation  amounts  to 
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212,000  souls,  and  its  haven  is  one  forest  of  masts ;  Leyden, 
containing  50,000  inhabitants  ;  Rotterdam,  48,000 ;  Haerlein, 
40.000 ;  the  Hague,  though  esteemed  only  a  village,  36,000  ; 
Middleburg,  in  Zealand,  30,000  ;  and  Utreclit,  Delfl,  Dort,  and 
Groningen,  each  about  20,000  inhabitants. 

No  country  in  Europe  boasts  an  equal  inland  navigation 
with  Holland  ;  a  circumstance  easily  accounted  for  by  the  fact, 
that  the  land  is  almost  every  where  lower  than  the  sea,  which 
is  kept  out  by  dams  and  dykes.  A  country  so  low,  and  from 
its  abundant  inland  navigation  so  level,  must,  of  necessity, 
possess  a  humid  and  cold  climate;  and  where  the  combination 
of  land  and  water,  with  scanty  elevations  of  barren  sand,  is 
very  intimate,  we  cannot  expect  that  agriculture  will  be  consi- 
derable, though  the  pasturage  may  be  rich,  and  even  abundant. 
Hence  Holland  is  the  country  for  the  manufacture  of  butter ; 
and  so  scrupulous  are  the  good  women  about  their  cows' 
warmth  and  cleanliness,  that  it  is  no  uncommon  thing  to 
see  whole  herds  in  the  meadows  clothed  with  mantles  and 
coverlets. 

The  chief  rivers  are  the  Rhine  and  the  Meuse;  and  the  chief 
lake  is  the  sea  of  Haeileni. 

Flanders,  an  integral  part  of  the  kingdom  of  the  Netherlands, 
is  about  180  miles  long,  reckoning  from  the  eastern  limit  of 
Luxembourg  to  Ostend.  and  120  in  breadth,  from  the  northern 
boundary  of  Austrian  Brabant  to  the  most  southern  limit  of 
Hainault ;  covering  a  surface  of  7,520  square  miles,  and  peo- 
pled by  1,900,000  inhabitants.  The  religion  is  the  Roman 
Catholic,  and  the  bishoprics  are  those  of  Bruges,  Antnferp, 
Ghent,  &c. ;  in  all  nine,  under  the  archbishopric,  or  metro- 
politan see  of  Mechlin.  Religious  pageantry  dazzles  the  un- 
lettered devotee.  The  universities  of  Tournay,  Douay,  and  St. 
Omer,  have  long  been  famous.  The  chief  cities  and  towns  are, 
Brussels,  containing  80,000,  Ghent  60,000,  Antwerp  50,000, 
Mons  25,000,  Brages  20,000,  Namur  20,000,  Luxembourg 
12,000,  Roermond  10,000,  and  Limbourg,  8,000  inhabitants  ; 
Sluys,  and  Ostend.  Brussels  is  celebrated  for  its  manufacture 
oflaee;  Ghent  for  its  Venetian  site,  being  built  on  a  number 
of  little  islands  ;  Antwerp  as  the  chief  mart  of  Flemish  com- 
merce ;  and  Cambray  is  renowned  for  its  cambrics. 

The  climate  is  more  remarkable  for  moisture  than  for  warmth; 
but  agriculture  flourishes  well,  and  the  Netherlands  jield  not 
to  Lombardy,  or  England,  in  the  essentials  of  good  husbandry. 
The  chief  rivers  are,  the  Rhine;  the  Meuse,  or  Maes;  the 
Scheldt ;  the  Dyle,  and  the  Nethe.  The  forest  of  Soigne  is  in 
Brabant ;  and  the  remains  of  the  ancient  forest  of  Ardennes 
pervade  Hainault  and  Luxembourg,  from  Valenciennes  to 
Treves. 

/'rfljicc— This  country,  600  miles  in  length  from  north  to 
south,  and  500  in  breadth  from  east  to  west,  was  formerly 
divided  into  provinces ;  but,  since  the  revolution,  it  has  been 
divided  into  departments.  The  following  table  contains  both 
divisions. 


Province. 

Department. 

City. 

Riier. 

Flaudre 

]  Nord 

Lille 

Deule 

Francoise 

S 

Artoi's 

Pas  du  Calais 

Arras 

Scarpe 

Picardie 

Somme 

Amiens 

Somme 

/  Bas  Seine 

Rouen 

Seine 

\  Calvados 

Caen 

Orne 

Normandie 

<  Manche 

Coutances 

/  Orne 

Alen^on 

Sarte 

VEure 

Evrcux 

Iton 

/■Seine 

Paris 

Seine 

Isle  de 
France 

\  Seine  &.  Oise 

Versailles 

Seine 

«'0ise 
i  Aisne 

Beauvais 
Laon 

Tberain 

vSeine  &Marne  Melun 

Seine 

TMarne 

;  Chfilons-sur- 
[      Marne 

Marne 

Champagne 

<  Ardennes 

Mczi(ircs 

Meuse 

i  Aube 

Troyos 

Seine 

vHaute  Marne 

Chaumont 

Marne 

/■Meuse 
>  Moselle 

Bar-le-Duc 

Ornain 

Lorraine 

Mentz 

Moselle 

)  Meurthe 
f  Vosges 

Nancy 

Meurthe 

Epinal 

Moselle 

Prcvitice. 

Alsace 


Brelagne 

Maine  et 
Perche 

Aujou 

Touraiue 

Orleannois 

Berri 
Nivernois 

Bourgogne 


Franche 
Comte 


Poitou 


Marche 


Limosin 


Dcparlment.  City. 

S  Haut  Rhiu        Colmar 
i  Bas  Rhin  Strasburg 

rllle  !c  Vilaine    Rennes 
\  Cotes  du  Nord  St.  Brieux 
<vFinisterre  Quimper 

iMorbihan  Vaunes 

vLoire  Infre        Nantes 
^  Sartbe  Le  Mans 

( Mayenne  Laval 

tMayenneand)^ 
i      Loire  S 

Indre  &  Loire 
r  Loiret 
<  Eurc  &  Loire 
I  Loire  &  Cher 
5  Indre 


Tours 
Orleans 
Chartres 
Blois 

Chateauroux 
\  Cher  Bourges 

Nievre  Nevers 

-Yonne  Auxcrre 

Dijon 
Saone  &  Loire  Ma^on 
Bourg 
Haute  Sa6ne    Vesoul 

Besan^on 
(  Lons-le-Sau- 
(      nier 
5  Fontenay-Ie- 
(     peuple 
Niort 


)  Cote  d'Or 

(,Ain 
/  Hau 
7  Doubs 

(Jura 

C  Vendee 

»  Deux  Sevres 

vVienne 

^  Haute  Vienne 
comprising 
part  of  Li- 
mosin 
Creuse 

/•  Correze,  com- 

}      prising  part 

i      ofHauteVi- 

V     enne 
Allicr 


^ 


Bourbonnois 

Saintonge,  "j  oharenfe 
comprising  f^"/'?"!*' 
Aunis  S     I''f^"e^re 

Angoumois    -^ 
comprising  ' 


Poitiers 
>  Limoge 

Guferet 
[^  Tulle 

Moulins 


>  Saintes 
S 


Riicr. 

Fetcht  &  Lauch 

Rhine 

Vilaine 

Near  the  Sea 

Oder 

Sea-port 

Loire 

Sarte 

Mayenne 

Mayenne 

Loire 

Loire 

Eure 

Loire 

Indre 

Eure 

Loire 

Yonne 

Ouche 

Saoue 

Ressouze 

Doubs 
Valliere 

Vendee 

Sevres 
Claiu 

Vienne 

Crenze 

Corrfeze 

Allier 
Charante 


part  of 
Saintonge 

Auvergne 

Lyonnois, 
Foret  & 
Beaujoleis 

Dauphin^ 


Gyenne, 
compre- 
hending 
Gascognc 


Bearne 


-Charente 


Angouleme        Charante 


Corat^  de  Foix  Arriege 
Roussillon 


S  Puv  de  Dome  Clermont 

iCantel  St.  Flour 

i  Rhone  Lyon 

<  Loire  Montbrison 
'  Isere  Grenoble 

5  Hautes  Alps  Gap 

<  Drome  Valence 
Dordogue  Perigueux 
Gironde  Bordeaux 
Lot  5c  GaronneAgen 

Lot  Cahors 

Aveyron  Rhodez 

Gers  Auch 

T j„„  i  Mont-de-Mar- 

Landes  < 

(      san 

Hautes  Pyrenees  Tarbe 

Basses  Pyr6n6es  Pau 

Taras<;on 

(  Pvrenees  „ 

\     V-k  ■     J  1  Perpignan 

i     Orientals  '   " 

HauteGaronne  Toulouse 


Langiiedoc 


Aude 
Tame 
Garde 
Lozere 
Ardcrhe 
Haute  Loire 
.Heraut 


Carcassonne 

Castres 

Nimes 

Mende 

Privas 

Le  Puy 

Montpellier 


Rhone 

Isere 
Rhdne 

Ille 

Gironde 

Garonne 

Lot 

Aveyron 

Gers 

Douzc 

Adour 

Le  Cavedc  Pau 

Arriege 

Tot 

Garonne 

Aude 

Agout 

Vistre 

Lot 

Near  the  Rhone 

Borne 
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Province. 


Provence 


Corsica 


Department.       City. 

Bourhes  du     1   .  - 
i>i  ;  Ai 


fVit, 

]  B, 


River. 
Arc 


lasses  Alps  D'l^ne 

,'ar  Toulon  Mediter.  Sea 

^  Golo  Bastia 

\  Liamone  Ajaccio  ct  Bastia 


The  conquests  made  by  France  duriiis  the  late  wars,  from 
ITJ'i  to  1814,  are  not  intea:ral  parts  of  her  dominions  ;  as  most 
of  them  have  been  given  up  to  their  parent  stales. 

The  islands  belonging-  to  France,  are  the  isles  of  ITieres, 
near  Toulon,  which  are  the  same  as  Homer's  isle  of  Calypso, 
in  the  Mediterranean  ;  the  isles  of  Rhe,  Delleisle,  and  Oleron, 
near  Roehelle,  are  in  the  bay  of  Biscay.  Corsica  is  the  birth- 
place of  Napoleon  Buonaparte. 

The  establislied  reli^aon  in  France  is  the  Roman  Catholic  ; 
but  the  Gallican  CImiicIi  is  more  independent  of  the  See  of 
Jionic  than  that  of  any  otli'T  country  professing  the  same  faith. 
Before  the  revolution,  tlit/c  were  in  Franre  17  archbishops, 
750  great  convents  of  monks,  and  200  nunneries:  tlic  monks 
and  nuns  were  reckoned  •200,000,  and  the  revenues  of  the  clergy 
and  religious  houses  six  millions  sterling. 

The  government  is  an  hereditary  monarchy,  confined  to  the 
male  branches  of  the  house  of  Bourbon,  In  the  succ^essinn  of 
Charles  X. ;  then  the  Duke  of  Angoulenie  ;  the  Puke  of  Bour- 
deaux,son  of  the  Duke  de  Berri ;  tlie  Duke  of  Orleans,  and 
liis  sons;  Prince  of  Conde,  &c. 

The  population  is  estimated  at  31  millions  ;  and  tlie  army  at 
250,000  men  ;  the  navy  is  inconsideraMe  ;  the  revenue  is  about 
2.5  millions  sterling.  The  French  in  their  manners  possess  a 
singular  degree  of  vivacity  and  gaiety,  and  frivolity  of  dispo- 
sition; and  their  politeness  is  the  result  of  ali'ectation  and 
pride,  rather  than  of  physical  purity  and  tutored  elegance. 

In  some  branches  of  experimental  philosophy  the  French 
Lave  made  consideiable  progress,  but  in  regard  to  mechanics, 
and  the  application  of  machinery  in  abridging  labour,  they 
liave  always  been  the  pupils  of  the  lirilish.  The  universities 
of  France  were  formerly  those  of  Douay,  Ciien,  Paris,  Rheinis, 
Nanci,  Strasbourg,  in  the  north  ;  Nantes,  Angers,  Poitiers, 
Orleans,  Bourges,  Dijon,  Bcsant;on,  in  the  middle  ;  and  liour- 
deaux.  Pan,  Perpignan,  Toulouse,  Montpellier,  Aix,  Orange, 
and  Valence,  in  the  south. 

The  chief  cities  are,  Paris,  the  capital,  with  a  population  of 
C00,(KM(  inhabitants;  Lyons,  100,000  and  famous  for  its  manu- 
factures of  articles  of  luxury;  Slarseilles  and  Bourdeaux,  each 
peopled  with  about  80.000  inhabitants;  Lisle,  noted  for  its 
iortifications,  boasts  a  i)opulation  of  flO,0;iO  inhabitants  ;  Ami- 
ens, 40,000  ;  Itoinm,  the  capital  of  Noiuiandy,  7v!.00l» ;  lirest, 
the  chief  maritime  arsenal,  ;j0,t)0lt ;  Nantes,  ,'')li,000 ;  Orleans, 
40,000;   Strasbourg.  40,000;   and  Thoulouse.  60,000  soids. 

The  inland  navigation  of  France  is  confined  to  the  canal  of 
Briare,  or  Burgundy  ;  the  canal  of  Orleans ;  the  canal  of 
Picardy ;  and  that  nf  Languedoc,  plantnd  and  executed  by 
the  engineer  l!i(|uet,  during  the  ministry  of  Colbert,  in  the 
reign  of  Louis  XIV. 

In  regard  to  its  climate.  Franco  may  be  diviiled  into  tliree 
regions  :  the  bleak  air  of  the  north  ;  the  s^iliibrious  atmosphere 
of  the  noddle  region  ;  and  the  genial  south,  so  inviting  to  in- 
valids from  Britain.  The  north.  v\esl,and  inteiior  of  France, 
are  diversified  with  rivers,  cnials,  fori  sis,  and  inoiinlains  ;  but 
in  general  the  plain  predominates.  Cornwall  linds  its  rival  in 
the  gravelly  heatlis  of  Biiiany;  from  Fbimleis  to  Orleans  a 
rich  loam  prevails,  like  what  we  meet  willi  in  Middlesex,  and 
the  adjacent  counties  :  the  mounlainons  n^gion  of  the  south  is 
fertile ;  and  the  coumiou  products  are  corn,  grapes,  fruits, 
olives,  tobacco,  hemp,  tlax,  silk,  manna,  and  sallron. 

The  chief  rivers  are  the  Seine,  the  Loire,  the  Rhone,  the 
Garonne:  and  the  lakes  are  those  of  Proience,  among  the 
Vosgcs  of -Alsace,  .nnd  some  other  provinces.  The  nmnnlains 
are  those  of  Britany,  the.  Vos?-es,  Mount  .lura,  the  Alpine 
ridges  of  Dauphine  ;  the  Ovenm  s,  about  fiOliO  fcit  high  ;  ami 
the  Pyrenees.  The  forests  are  Oilcans,  Aidcnnes.  the  former 
the  retreat  of  banditii,  the  lalo-r  renowned  for  deeds  of  cbivalrv; 
and  the  forest  of  Fontiiineliliau.  '1  he  desert  of  La  Craii,  coni- 
prisiug  a  plain  of  150,000  acres,  of  Provence,  is  eniirdv  com- 
31. 


posed  of  round  gravel,  or  sbinglc,  than  which  tlie  sea  shore  is 
not  more  barren. 

.S'/)rji>i.— Spain,  from  west  to  east  is  about  COO  miles  long, 
and  from  north  to  south  the  breadth  is  reckoned  500  miles  ; 
and  situated  between  the  3()th  and  44th  degrees  of  north  lati- 
inde  ;  the  climate  is  delightful  and  the  soil  luxuriant. 

The  popidation  is  estimated  at  11  millions;  the  army  at 
fiO.OOO ;  and  the  revenue  at  live  millions  and  a  half  sterling. 
The  government  is  absolute  and  hereditary  monarchy.  Spain 
is  a»  present  divided  into  22  provinces  for  the  crown  of  Castile, 
and  four  for  Arragon.  Those  for  Castile  arc,  the  kingdom  of 
Galiicia,  the  provinces  of  Burgos.  Leon,  Zamora,  Salamanca, 
Kstremadura,  Valencia,  Valladolid,  Segovia,  Avila,  Toro, 
Toledo,  La  Mancha,  Murcia,  Guadalaxara,  CueD(;a.  Soria, 
Mndrid.  and  .\ndalusia.  The  four  for  .Vrragon  \»ere  formerly 
the  Moorish  kingdoms  of  Seville,  Cordova,  Jaen,  and  Grenada. 
The  most  common  and  generally  received  division  of  Spain  is 
as  follows : 

Khitfilows.  Capitals. 

The  kingdom  "of  Galiicia, St.  .lago  di  Compostclla. 

The    principality  of  Astuiias,     Oviedo. 

The  lordsliip  of  Biscay Bilboa. 

The  kingdom  of  Navarre Pampeluna. 

The  kingdom  of  Leon Leon. 

The  kingdom  of  Old  Castile,. .      Burgos. 

The  kingdom  of  Arragon Saragossa. 

The  principality  of  Catalonia,     Barcelona. 
The  province  of  Estremadura,     Badajos. 
The  kingdom  of  New  Castile,     Madrid. 

The  kingdom  of  Valencia Valencia. 

The  kingdom  of  .'\ndalusia,  ..     Seville. 

The  kingdom  of  Murcia Murcia. 

The  kingdom  of  Grenada,. . .       Grenada. 
I'/ie  Islands  of' 

Majorca "j  „,      .  .r  Majorca. 

,   •  '  /  The  .Ancient)  ,  ••'„ 

Ivica ]■     ,,   .  -^  Ivica. 

Minorca >     Jialeares     ^  ^y^^^  |vi„i,on. 

The  chief  rivers  are  the  Ebro,  the  Douro,  the  Tagus,  the 
Guadiana,  and  the  Guadalquiver ;  the  Bidasoa  and  the  Tinto. 
And  among  the  lofty  mountains  of  this  country  we  may  enu- 
merate the  Pyrenees,  the  Cantabrian  mountains,  the  Alountain 
of  the  Sierra  Molina,  the  Sierra  Morena.  the  Sierra  Nevada, 
Montserrat,  and  Gibraltar.  The  Ebro  falls  into  (he  Mediter- 
ranean, the  Douro  into  the  Atlantic  at  Oporto,  the  Tagus 
into  the  Atlantic  at  LiNbon,  the  Guadiana  into  the  Bay  of 
Cailiz.  the  Guadalquiver  into  the  .\tlantic  at  St.  Lncar,  the 
Bidasoa  separates  France  and  Spain,  and  the  Tinto.  or  Yellovr 
.Stream,  empties  itself  into  the  >icditcrranean  at  Iluelva.  The 
Pyrenees  separate  France  from  S()ain  ;  the  Cantabrian  moun- 
tains extend  from  Itoncevalles  to  Cape  Finisterre;  the  Molina 
Sep  irate  (lid  from  New  Castile;  the  Morena  divides  Castile 
and  Kstremadura  from  Andalusia;  the  Nevada,  or  Snow 
iMountains,  run  east  and  wist  through  Grenada  ;  Montserrat 
is  .^:!00  feet  high,  and  .'10  miles  from  Barcelona  :  and  Gibraltar, 
the  Calpe  of  the  ancients,  is  the  key  to  the  Mediterranean, 
held  bv  Great  Britain. 

The  chief  cities  and  towns  in  the  kingdom  of  Galiicia  are, 
St  .LiL'o.  Corunna,  Ferrol,  Moldonedo,  Lugo,  Ortense,  and 
Tuy.  In  Asturias  are  t)viedo.  Santillana.  Aviles,  and  St.  Vin- 
cent. In  Biscay  are  Bilboa,  Tolosa,  Vittoria,  and  Malaga.  In 
Andalusia  are  Seville,  Cordova.  Cadiz,  and  Xeres.  In  Old 
Castile  .ire  Buriros  and  Valladolid.  In  Navarre  are  Pampe- 
luna, Olita,  Tudela,  Estella,  and  Sangucs.  Saragossa,  Terra- 
cona,  Huesca,  Btdbastro,  Teruel,  Ainsa,  and  Jaen,  are  in 
Vrragon.  Catalonia  is  celebrated  for  the  most  industrious 
inhabitants  of  Spain,  and  their  chief  towns  are,  Barcelona, 
Montenello,  Tarragona,  and  Roses,  anciently  called  Khodope. 
In  Valencia  are,  Valencia,  Monviedro,  Gandia,  and  Alicanf. 
?.Iorcia  and  Castigna  are  in  the  kingdom  of  Murcia.  In  Gre- 
nada are.  Grenada,  Soria,  Segovia,  Madrid,  and  Toledo.  In 
Lfon  are,  Leon,  Salamanca,  Zanmra,  and  Ciudad  Rodrigo.  In 
Estremadura  are.  Merida.  Badajos.  and  Placcntia. 

Though    the    cliTjTte    be    generally    healthy,   the  solano,   a 
noxious  wind,  which  blov\s   from  the  south-east,  produces  a 
sensation   bordering   on    madness  ;    but   its  duration   seldom 
exceeds  three  days.    And,  except  in  the  two  Casliles,  the  soil 
4  H 
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so  peculiarly  fertile,  abounds  in  excellent  pastures,  vineyards, 
groves  oloranue  and  lemon  trees.  The  horses  hiive  long  been 
celebrated  for  their  Arabian  beauty  and  tleetness  ;  and  the 
sheep  called  Miiinos  yield  the  government  an  annual  profit  of 
£  I, ()()6,C(X)  sterling.  Wolves,  bears,  and  locusts,  are  com- 
mon in  Spain;  it  is  celebrated  also  for  its  hares,  partridges, 
pheasants,  and  game  of  various  kinds. 

The  Spaniards  are  proud  and  cold  upon  a  first  introduction 
to  strangers,  but  possess,  on  acquaintance,  both  urbanity  and 
vivacity  under  this  repulsive  exterior.  Their  sobriety  and 
_  temperance  arc  proverbial  ;  and  the  grandees  and  nobles  live, 
'  in  general,  in  a  state  of  much  simplicity,  without  parade  or 
ostentation ;  but  upim  partieidar  occasions  they  display  a 
splendour  and  magniliccnce  not  to  be  equalled  by  the  nobility 
of  any  other  kingdom.  They  are  fond  of  theatrical  amuse- 
ments, bull  fights,  and  dancing. 

The  religion  is  the  Roman  Catholic,  and  the  inquisition  has 
reigned  v.ilh  exorbitant  power.  The  archbishops  are  eight, 
the  bishoprics  are  forty-si\ ;  and  the  clergy  and  religious 
persons  are  computed  at  188,Oi3!  exempt  from  the  usual 
avocations  of  life.  The  Spanish  people  had  embraced  a  free 
constitution,  and  reestablished  Iheir  parliament  or  I'urtcs ;  but 
their  iin;rateful  monarch,  by  the  help  of  French  bayonets,  has 
remounted  an  absolute  throne,  and  ecclesiaslical  domination 
!ias,  at  the  same  time,  resumed  its  tyranny  over  the  public 
mind. 

I'«rliir;a!. — Portugal,  the  most  westernly  country  of  Europe, 
is  about  3ti0  miles  long,  and  120  broad  ;  and  the  population  is 
about  two  millions  and  a  half.  The  religion  is  Roman  Catholic, 
the  government  absolute  and  hereditary  monarchy  ;  but  the 
royal  family  have  emigrated  to  Brazil,  and  Portugal  now  is 
governed  by  a  viceioy!  Portugal  is  divided  into  six  pro- 
vinces, riV. — 1.  Eutre  Douro  e  Minho.  2.  Tra  los  Monies.  3. 
Beira.     4.  Estreniadura.     o.  Alentejo.     6.  Algarva. 

The  chief  colonies  are  Brazil,  Sladeira,  and  some  settle- 
ments on  the  coast  of  Africa,  with  Goa  and  Macao  iu  the 
East  Indies. 

The  army  is  computed  at  24,000  men  ;  the  naval  power  thir- 
teen sail  of  the  fine,  and  fifteen  frigates;  and  the  revenue  two 
mlliions  sterling.  The  Portuguese  are,  in  general,  an  elegant 
people;  the  peasantry  are  miserable  vassals  of  the  nobility, 
whose  prejudices  are  pernicious  and  impolitic. 

The  chief  i  iiies  and  towns  are,  Lisbon,  the  capital,  with  a 
population  of  200,000  inhabitants;  Oporto,  30,000;  Braga, 
Coimbra,  Ivora,  and  Tavora.  The  cliuiate  is  excellently  salu- 
brious, and  the  country  is  generally  fertile,  abounding  in  vine- 
yards, groves  of  orange  and  lemon  trees,  but  agriculture  is 
little  cultivated. 

The  chief  livers  are  the  Tagus,  the  !\Iondega,  the  Toro,  and 
the  Cadaon.  And  the  mountains  are  tho>e  of  Idubeda,  pass- 
ing the  town  of  Guarda  ;  the  chain  ofArrabcda,  in  Estrenia- 
dura; and  the  chain  of  Alentejo,  running  between  the  city  of 
Jvora  and  the  town  of  Estrauias;  and  Cintra,  near  Lisbon. 
The  Portuguese  islands  are,  the  Azoies,  comprising  the  isles 
of  St.  Michael  Tereera,  Pico,  or  the  Peak,  Fayal.  Horez.  and 
Corvo.  In  geneial,  these  islands  arc  mountainous,  and  ex- 
posed to  earthquakes  and  violent  storms,  yet  their  produce  of 
wheat,  wine,  IVuils,  and  wood,  is  very  abundant. 

Siiitzcrlunil. — This  country  is  bounded  on  the  east  by  the 
Tyro!  and  Austrian  Suabia,  on  the  west  by  France,  on  the  north 
by  the  Black  Forest,  and  on  the  south  by  Savoy  and  Ilalv. 
Its  length,  from  east  to  west,  is  200  miles,  and  its  breadlh  about 
130  from  north  to  south.  Switzerland  is  the  most  mountainous 
country  in  Europe,  but  the  air  is  salubrious,  the  soil  fertile, 
.)nd  its  wildest  regions  are  diversified  by  cultivated  fields  and 
vineyards,  extensive  lakes  and  veidant  vales,  umbrageous 
woods  and  frightful  :;Iaciers. 

jfV/t'  'f'hirleen  ttyujinal  C<tiilo)is  arc: 

The  Cantons  of  Towns.  Laltcs.  Rivers. 

1.  Zuiieh, Zurich, Zurich, 

2.  Berne, Berne Aar. 

3.  Basil Basil Rhine. 

4.  IJnderwalden, .  .  Stanz  and  Same. 
.5.  Scbweitz Scinveitz. 

6.  Ziig Zug Zug. 

7.  Claris Claris. 


Reuss. 


Sanen. 
Kliine. 


T/ie  Cantons  of  Towns.  Lakes,  Riiert. 

8.  Soleure, Soleure, Aar. 

1>.  Uri Altorf 

10.  Appenzell, Appenzell. 

11.  Lucerne, Lucerne, Lucerne. 

1 2.  Fribourg Fribourg, 

13.  Schaffhausen  .   .  Schalfbausen, 

In  1603,  the  following  cantons  were  added  by  the  French  to 
Switzerland: — Argovia,  Thuringia,  Tessin,  Orisons,  St.  Gall, 
and  Vaud. 

The  religion  of  Switzerland  is  mixed  ;  some  cantons  profess- 
ing Catholicism,  while  others  are  Calviuistic  Protestants.  The 
Catholic  cantons  are,  Uri,  Scbweitz.  Underwalden.  Zug, 
Lucerne,  Fribourg,  Soleure,  Berne.  The  Protestant  are,  Zurich, 
Basil,  Schallhausen,  Part  of  Claris,  and  Appenzell. 

The  government  is  a  strange  mixture  of  aristocracy,  venal 
olig.(rcliy,  and  bold  democracy  ;  and  under  these  respective 
forms,  we  find  laws  sufliieiently  jealous  and  severe  ;  but  the 
people  are  renowned  for  their  morality  and  frank  indepen- 
dence. The  population  amounts  to  two  millions  of  souls  ;  the 
military  force  is  reckoned  at  20,000  men;  and  the  revenue 
about  a  million  sterling.  But  taxation  must  be  moderate  where 
the  people  are  proverbially  poor  ;  and  foreign  subsidies,  aris- 
ing from  the  permission  of  the  youth  to  serve  as  mercenaries 
in  the  armies  of  other  countries,  swell  the  resources  to  equal 
the  expenditure. 

The  city  of  Basil  contains  14,000  inhabitants,  and  is  cele- 
brated for  its  university  ;  Berne  13,000,  and  its  college  ;  Zurich, 
f  r  its  college  and  public  library  ;  Lausanne,  9000  inliabitanls  ; 
Fribourg  and  Schaffhausen  each  COOO,  and  Lucerne  .50(10. 

The  chief  rivers  are  the  Rhine  and  the  Rhone,  the  Aar  and 
the  Reuss,  the  Lien  and  the  Fleur  ;  and  the  lakes  are  both 
numerous  and  picturesque.  Constance,  Geneva,  Maggiore, 
Lugano,  Neufchalel,  Zurich,  and  Lucerne,  are  the  chief  lakes. 
The  mountains  are,  the  Alps,  covered  with  snow  at  their  sum- 
mits ;  Mount  Rosa,  Mount  Blanc,  Mount  St.  Bernard,  and 
Mount  St.  Gothard. 

The  horses  of  Switzerland  are  esteemed  for  tlieir  vigour  and 
spirit;  and  the  ibex  (a  species  of  goat)  is  as  common  amon^ 
the  Alps  as  are  goats  in  Wales.  In  the  day  he  ascends  the 
highest  summits,  but  at  night  he  seeks  the  valleys  to  browze  on 
aromatic  plants.  When  scared,  the  ibex  will  dart  up  a  perpen- 
dicidar  rock  of  eighteen  feet  high,  at  three  springs  ;  bounding 
like  a  racket-ball  struck  against  a  stone  wall.  The  chamois 
and  the  marmot  are  common  ;  and  in  the  highest  Alps  [lie 
bearded  vulture  preys  upon  the  white  hare,  the  marmot,  the 
chamois,  kids,  and  lambs. 

//«/)/. — This  country  is  usually  divided  into  three  parts,  the 
norihern,  middle,  and  southern.  It  is  a  beautiful  ami  fertile 
peninsula,  assuming  the  appearance  of  a  boot-leg  on  the  map, 
and  admirably  adapted  for  conmierce.  Its  length  is  G70,  aiid 
its  medial  breadth  100  miles.  The  population  is  thirteen  mil- 
lions ;  of  which,  allowing  six  millions  for  Naples  and  Sicily, 
and  three  millions  for  the  Pope's  dominions,  there  will  be  four 
millions  for  the  northern  states. 

In  the  north  the  Alpine  scenery  is  truly  sublime  ;  the  Apen- 
nines give  many  charms  to  the  central  part;  Florence  and 
Tivoli  excite  the  traveller's  admiration  ;  and  Naples  is  gene- 
rally beautiful,  though  exposed  to  the  fiery  irruptions  of 
Vesuvius. 

The  chief  rivers  are  the  Po,  the  Adige,  the  Brenta.  the  Piara, 
the  Arno,  and  the  Tiber,  with  the  Rubicon,  or  Finuiessiuo,  a 
dimiimtive  stream  which  falls  into  the  Adriatic.  The  lakes  are 
those  of  Maggiore,  Locamo,  Lugano,  Coiuo,  Lecco,  Iseo,  Di 
Garda,  in  the  north  ;  Perugia,  Bolsena,  Rieti,  Albano,  and 
Nemi,  in  the  centra!  part;  and  Celano.  and  Varano,  in  the 
Neapolitan  territory.  The  mountains  are  the  Alps,  the  Apen- 
nines, and  Vesuvius. 

Naples  and  Sicily  forming  the  southern  part,  may  be  regarded* 
as  one  kingdom.  Sicily,  separated  from  Naples  by  the  strait 
of  Messina,  is  an  island  about  170  miles  long  and  8t)  broad. 
Next  to  Constantinople,  Naples  is  the  most  charming  city,  for 
situation,  in  Europe. 

'Ihe  Strait  of  Messina  is  celebrated  for  the  Scylla  and  Oha- 
rybdis  of  the  anticnts  ;  the  former  being  a  lofty   rock  un  ihe 
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Calabrian  shore,  and  the  latter  a  spot  wliere  the  waves,  prcatly 
ajji'''' ■>)  l>y  numerous  poinlcil  rocks  at  the  bottom  of  the  sta, 
assume  the  appearance  of  a  whirlpool. 

The  Lipari  isles,  adjacent  to  Sic^ily,  are  celebrated  for  their 
rocks  of  volcanic  ttlass,  and  the  frotlo  of  the  sea  ox — a  cavern 
m  feet  hifsh,  'MM  Icet  Ionic,  and  120  feet  l)road,  situated  in 
Felicuda.  Malta  and  Uogo  are  valuable  in  a  maritime  point 
of  view. 

The  central  part  of  Italy,  comprisin?r  the  dominions  of  the 
Church,  Tuscany,  Lucca,  St.  Marino,  Piornbino,  and  the  isle  of 
fillia,  may  be  thus  illustrated  :— The  dominions  of  the  Church 
yield  £:i5(),0(W  sterling  annually  ;  the  revenue  of  the  firand 
Duchy  of  Tuscany  is  half  a  million  yearly  ;  the  Luccanese  arc 
the  most  industrious  people  of  Italy;  the  diminutive  republic 
of  St.  Marino  claims  the  Pope's  protection;  the  principality 
of  Pionibino,  on  the  Italian  shore,  and  opposite  to  the  isle  of 
Elba,  is  a  neglected  spot,  and  both  are  known  best  for  their 
iron  ores. 

Piedmont,  Milan,  Mantua,  Parma,  and  Placentia,  Modena, 
and  Genoa,  in  the  north  of  Italy,  now  claim  (mr  attention. 

Piedmont,  with  Savoy,  is  \M  miles  long  and  100  broad,  and 
belongs  to  the  Kinjc  of  Sanlinia. 

The  capital  of  Piedmont  is  Turin,  containing  80,000  inhabit- 
ants; Vereclli,  20,000  ;  Alexandria,  12,000  ;  a  little  to  the  east 
of  which  is  Marengo. 

The  fertile  duchy  of  Milan  contains  2432  square  miles,  and  a 
population  of  more  than  a  million  of  inhabitants. 

Milan, the  chief  city,  contains  120,000  inhabitants;  Pavia  is 
celebrated  for  its  university,  as  is  also  Pa<lua;  and  Verona  is 
not  more  renowned  for  its  antiquities,  than  Venice  for  its 
enchanting  maritime  situation,  and  the  wealth  of  its  merchants. 

The  small  duchy  of  Mantua  contains  but  12,000  inhabitants  ; 
while  that  of  Modena  boasts  a  population  of  320,000,  and  a 
revenue  of  £140,000. 

The  population  of  Parma  and  Placentia  is  reckoned  300,000; 
the  revenue  £17.5,000;  the  soil  is  rich,  the  pastures  fine,  and 
the  Parmesan  cheese  has  been  celebrated  for  centuries. 

Genoa  assumed  the  title  of  the  Liburiau  Ixepublie  shortly 
after  1798;  but  it  now  belongs  to  Sardinia.  The  population  is 
computed  at  400,000  ;  the  city,  SO.OOO;  and  the  troops,  30,000. 

Lombardy,  Mantua,  the  ancient  Republic  of  Venice,  and 
Dalmatia,  belong  now  to  Austria  ;  the  grand  duchy  of  Tus(;any 
to  the  .\rchd(ike  Ferdinand  ;  and  Parma  and  Placentia  to  the 
e.x-empress  Maria  Louisa. 

Turkeii  in  Eiimpe.— The  Turkish  dominions  contain  182,560 
.square  miles,  comprising  many  ancient  kingdoms  and  repub- 
lics, whose  classic  names  but  tell  the  lleeting  grandeur  of 
remote  antiquity. 

The  following  are  the  names,  both  ancient  and  modern,  of 
the  provinces  of  the  Turkish  empire  : 

Modern.  Ancient. 

1.  Moldavia,  north Dacia. 

2.  Budzac,  or  Bessarabia,  .  .  (ietae  and  Feucini. 

3.  Walachia, Daeia. 

4.  Bulgaria, Moesia. 

5.  Romelia '>  T'"'acia,  P;eonia,  Macedonia, 

(      Gra;cia. 

(>.  The  Morea Peloponnesus. 

7.  .Albania ^  Kpirus.  Chaonia,  and   Part  of 

I      Ilh  ricum. 

K.  Dalmatia, Dalmatia. 

9.  Servia > 

10.  Bosnia ',',',  \  l-'""ouia. 

11.  Turkish  Croatia, Pannonia  and  Norlcum. 

Turkey  extends  870  miles  from  north  to  south,  and  C.SO  in 
breadth  fiom  east  to  west  ;  and  its  popuhili(Mi  may  be  esli- 
roated  at  eight  millions  The  established  religion  is  the 
Mahomniedan  ;  but  about  two-thirds  of  the  people  arc  (^.reck 
Christians,  who,  along  with  their  religion,  retain  their  priests 
bishops,  archliish.ips.  and  patriarchs.  In  ihe  Mahonimedail 
taith  there  are  also  Ihe  niulti.  or  ponlilf,  who  presides  at  Con- 
Ktantinople  ;  the  moubl.ihs.  or  .loclnrs  of  the  law,  the  Koran 
being  a  code  of  civil  and  nliiiious  observance;  the  inferior 
muflis,  or  judges,  and  the  cadilesquiets,  or  chiel  justices  ■  the 
loiaums,  or  parish  priests,  who    perform   the    service   of  the 


mosques;  the   dervishes,  or  monks,  of  whom  there  are  four 
various  orders,  or  institutions. 

The  government  is  despotic,  but  the  sultan's  povirer,  subject 
to  the  laws  of  the  Koran,  is  wisely  balanced  by  a  religious 
aristocracy.  The  Turki.sh  navy  amounts  to  thirty  ships  of  the 
line  ;  and  the  army  to  1.^)0,0410  ill-disciplined  and  mutinous 
troops.  The  revenue  is  computed  at  seven  millions  sterling, 
partly  derived  from  a  capitation  tax  on  unbelievers,  and  paitly 
from  a  land  tax  and  the  custom.^. 

The  Turks  are  abstemious  in  diet ;  their  cliiif  furniture  is  the 
carpet  vvliich  covers  the  floor;  their  amusements  ]>artake  of 
indolent  apathy  ;  but  the  personal  cleanliness  of  botii  sexes  is 
highly  laudable. 

The  chief  cities  and  towns  arc,  Constantinople,  with  a  popu- 
lation of  400,000  souls  ;  of  whom  200,000  are  Turks,  UW,000 
Greeks,  and  the  remainder  Armenians,  Jews,  and  Franks. 
.Idrianople,  140  miles  north-west  of  Constantinople.  Filipopoli, 
a  mean  town,  whose  situation  is  so  low,  that  the  mud  in  its 
streets  is  sometimes  knee  deep,  and  the  foot  passengers  get 
along  only  by  stones,  erected  like  posts,  to  facilitate  the  inter- 
course of  a  wretched  city  consiilcrable  in  size.  Sosia  has 
70,000  inhabitants  ;  Silistiia,  in  Bulgaria,  CO.tMlO;  Bucharest, 
in  Walaehia,  00,000;  Jaffy,  in  Moldavia,  and  Bender,  in  Bes- 
sarabia, each  12.000;  Belgrade,  in  Servia,  25,000;  Banjaluka, 
in  Bosnia,  18.000;  Salonica,  (iO.OOO ;  Larissa,  25,000;  while 
Atini  (Athens)  is  a  miserable  village. 

Turkey  is  famous  for  carpets,  currants,  figs,  saffron,  statuary 
marble,  silk,  and  dnigs. 

The  climate  is  delicious,  the  air  pure,  and  the  seasons  regu- 
lar ;  and  though  the  soil  be  rich,  agriculture  is  neglected  ;  and 
the  Turks  excel  in  no  one  useful  art  or  science. 

The  chief  rivers  arc  the  Danube,  the  Maritz,  or  ancient 
Hebrus,  which  falls  into  the  A\^^tan  sea;  the  Esker ;  the 
Morava,  anciently  the  Margus  ;  and  the  Driii,  which  falls  into 
the  Save.  The  lakes  are  chielly  found  in  Budzae  and  Wala- 
ehia round  Ismail,  and  .some  in  Albania.  The  mountains  are 
those  of  Ha-mus,  Acroeeraunia,  Pimlus,  Olympus,  Ossa, 
Pelius,  and  Mount  Athos,  resembling  Mount  Serrat  in  Spain, 
and  celebrated  for  its  monasteries  and  cells  of  devout  hermits. 
The  islands  belonging  to  Turkey  in  Europe  are.  Cerigo  and 
Candia  on  the  soutli  coast  of  the  Morea  ;  Milo,  Santerim, 
Stanpalin,  Paros,  Naxia,  Eogia,  Zia,  and  Zine,  on  the  cast; 
Andro,  Nesropont,  and  Skvros.  east  of  Livadia.  South  of  the 
island  of  Paros  is  Antiparos,  whose  grotto  is  the  admiration  of 
travellers.  The  whole  isle  is  one  huge  rock  of  fine  white 
marble,  ami  the  grotto  is  distinguished  from  the  caverns  in 
Derbv  shire,  by  the  snowy  whiteness  of  the  calcareous  spat 
which  appears  on  either  hand,  or  suspended  from  the  roof  in 
the  most  elegant  and  picturesque  forms.  The  present  struggle 
in  Greece  for  liberty,  is  so  very  problematical,  that  we  have 
kept  entirely  aloof  from  the  political  aspect  which  this  once 
classic  lauil  now  wears. 

On  the  west  of  Epirus  are  Corfu,  St.  Maura.  Ithaca,  Cepha- 
lonia,  and  Zante,  forming  a  new  republic,  under  the  protectiou 
of  Great  Britain. 

EUTOCIUS,  an  eminent  mathematician,  who  lived  at  the 
time  of  the  decline  of  the  sciences  in  Greece,  was  a  native  of 
.\scalon,  in  Palestine,  and  a  disciple  of  Isodorus,  one  of  the 
celebrated  architects  employed  by  the  emperor  Justinian.  He 
probably  nourished  about  the  comniencement  of  the  sixth  cen- 
tury, though  we  have  no  particulars  respecting  his  life;  but  his 
works  rellect  much  honour  on  his  memory.  He  wrote  elaborate 
and  perspicuous  "  Commentaries  on  the  Books  of  .\rcbimedes 
concerning  the  .Sphere  and  (^vlinder;"  ;\ii<l  also  on  the  first 
four  books  of  the  conies  of  "  Apollonius  Perga-ns."  These 
commentaries  have  not  only  elucidated  many  dillicnlt  passages 
in  those  profound  writers,  but  have  tended  to  throw  light  on 
the  history  of  mathcinntics. 

EVAPOUATION,  in  Natural  Philosophy,  is  the  conversion 
of  water  into  vapour,  which  becoming  lighter  than  the  alnio- 
spberc,  is  carried  considerably  above  the  earth's  surface  ;  and 
afterwards  by  a  partial  condensation  forms  clouds,  and  finally 
descends  in  rain.  Anrious  li>potheses  have  been  advanced  to 
account  for  the  process  of  evaporation,  some  attributing  it  to 
one  cause,  and  some  to  another;  and  it  is  dillicnlt  to  say 
-which  has   the  greater  claim  to  attention,   as   none  of  tlituu 
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appear  perfectly   satisfactory.     This  beinfc  tlie  case,  and  as 
our  limits  will  not   ailniit  of  a  long  detail  of  all  the  theories 
that   have   been   written    on   this    subject,  our  remarks  shall 
embrace  the  most  interesting  experiments,  observations,  and 
pheivomcna,   relating   to   evaporation.— That  water  salted  to 
about  the  same  dcprce  as  salt-water,  and  exposed  to  a  heat 
equal  to  that  of  a  summer's  day,  •did,  from  a  circular  surface 
of  about  eisht  inches' diameter,  evaporate  at  the  rate  of  six 
ounces  in  twenty-four  hours.     Whence,   by    calculation,   the 
thickness  of  the'  pellicle  or  skin  of  water,  evaporated  in  two 
Lours,  was   the  fiftv-third  part  of  an   inch  ;  but,  for  a  round 
number,  suppose  it  only   a   sixtieth  part;    then,  if  water  as 
warm  as  the  air  in  summer  evaporates  the  thickness  of  one- 
sixtieth  part  of  an  inch  in  two  hours,  from  its  whole  surface, 
in  twelve  hours  it  will  evaporate  the  tenth  of  an  inch:   which 
quantity  will  be  found  abundantly  suRicient  to  furnish  all  the 
rains,  springs,  dews,  &c.    By  this  experiment,  every  ten  square 
inches  of  surface  of  the  water  yield  in  vapour,  daily,  a  cubic 
inch  of  water:  and  each  square  foot,  half  a  wine  pint;   every 
space  of  four  feet  square,  a  gallon  ;  a  mile  square,  (i914  tuns  ; 
and   a   square   ilcgree,   of  69   English   miles,   will    evaporate 
33,000,000  tuns  a  day  ;  and  the  whole  Mediterranean,  com- 
puted to  contain  160  square   degrees,  at  least  5280.000,000  of 
tuns  each  day.     A  surface  of  eight  square  inches,  evaporated, 
purely  by  the  natural  warmth  of  the  weather  without  wind  or 
sun  in  the  course  of  a  whole  year,  16,'29-2  grains  of  water,  or 
64  cubic  inches  ;  the  depth  of  water,  therefore,  evaporated  in 
12  months,  amounts  to  8  inches.     But  the  annual  evaporation 
is  actually  from  48  to  3Gi  inches.    Water  evidently  evaporates 
more  in  windy  than  in  calm  weather,  as  the  fleecy  vaporous 
air  is  then  more  speedily  dissipated.     And  in  May,  June,  July, 
and  August,  the  evaporation  is  greatest.     Many   experiments 
have  been  made  to  determine  the  precise  rate  of  evaporation 
by  dilferent  philosophers,  and  we  learn  that  the  evaporation 
is  confined  entirely  to  the  surface  of  the  water:  hence  it  is  in 
all  cases  proportional  to  the  surface  of  the  water  exposed  to 
the  atmosphere.     Much  more  vapour  of  course  rises  in  mari- 
time countries,  or  those  interspersed  with  lakes,  than  in  inland 
countries.     Much  more  vapour  rises  during  hot  weather  than 
during  cold:  hence  the  quantity  evaporated  depends  in  some 
measure  upon  temperature.     The  precise  law  has  been  happily 
discovered  by  Dalton,  who  says,  in  general,  the  quantity  eva- 
porated from  a  given  surface  of  water  per  minute,  at  any  tem- 
perature, is  to  the  quantity  evaporated  from  the  same  surface 
at  212°,  as  the  force  of  vapour  at  the   first  temperature  is  to 
the  force  of  vapour  at  212°.     Hence,  in  order  to  discover  the 
Ijuantity  which  will   be  lost  by   evaporation  from  water  of  a 
given   temperature,  we   have    only   to  ascerlaiii   the  force  of 
vapour  at  that  temperature.     Hence,  we  see  that  the  presence 
of  atniosphciie  air  obstructs  the  evaporation  of  water ;  hut  this 
evaporation  is  overcome   in   proportion   to    thi^   force   of  the 
vapour.     The  (piantity  of  vapour  which  rises  from  water,  even 
■when  the  temperature  is  the  same,  varies  according  to  circum- 
stances.    It  is  least  of  all  in  calm   weather,  greater  when  a 
breeze  blows,  and  greatest  of  all  with   a  strong  wind.     See 
Frf.fzino. 

EVKt^-TION,  in  Astronomy,  the  most  considerable  of  the 
lunar  irregularities,  caused  by  the  action  of  the  s!iii  upon  the 
iHOon  :  the  lunar  eveetion  was  discovered  by  Ftoleniy.  and  is 
the  first  irregularity  in  the  motion  of  ihis  hody  with  wliieh  the 
ancients  were  ac(;uaitited.  Its  general  and  constant  edeet  is 
to  diminish  tlie  equntion  of  the  cenire  in  the  sy/.igies,  and  to 
increase  it  in  the  ((uadralure,  and  may  be  explained  l)y  a 
change  supposed  to  lake  place  in  th<'  cccentri-ity  of  the  lunar 
orbit,  and  at  the  same  time  a  motion  in  the  apogee.  This 
inequality  can  be  represented  very  exactly,  by  supposing  it 
proportional  to  the  sine  of  doirble  tlie  angular  dist.ince  f)f  ihe 
moon  from  the  sun,  minus  the  mean  anomaly  of  the  moon,  and 
the  co-elhcient  to  this  proportion  is  now  generally  slaied  in 
modern  astronomical  works  at  I"  20'  28',  whence  the  formula 
for  the  eveclion  Is 

(1°  20'  28")  X  sin.  2  dist.  (0  —  mean  anomaly   ) 
from  w  l.icli  it  is  easy  to  foilow  llie  s:iecessive  varialioos  of  this 
equation,  f'r  in  oider  to  this  it  is  onl;,  reipd-ile  lo  consider  the 
dilferiMit  \al:ies  which  its  argume-it  ein  take.     It   is  also  verv 
easy  to  hod  the  peiiod  of  eveclion  from  the  variation  in  the 


value  of  the  angle  on  which  it  depends.  For  this  purpose  it 
will  be  suflicient  to  calculate  the  variations  of  this  angle  in  a 
given  time,  and  thence  to  conclude  by  a  simple  proportion,  the 
number  of  days  necessary  for  it  to  vary  :jGO°.  This  period 
dilfcrs  but  little  from  the  periodic  revolution  of  the  moon;  viz. 
27-178533  days. 

EVERGREEN,  in  Gardening,  a  species  of  perennials  whicli 
continue  their  verdine  all  the  ye:ir. 

EVICTION,  signifies  a  recovery  of  lands  or  tenements  by 
law. 

EVIDENCE,  in  Law,  proof  by  testimony  of  witness  on  oath, 
or  by  writings,  or  records  adduced  before  a  court,  or  compe- 
tent jurisdiction.  It  is  twofold,  written  or  verbal  ;  the  former 
by  records,  deeds,  bonds,  or  other  documents  ;  the  latter  by 
witnesses  examined  t'ifa  race,  and  called  technically,  parole 
evidence.  It  is  also  either  absolute  or  presumptive  ;  and  may 
be  that  which  is  given  in  proof  by  the  parties,  or  »  liich  the  jury 
know  of  themselves,  for  every  thing  wliieh  makes  a  fact  or 
thing  evident  to  them,  is  called  evidence. 

Witnesses  are  summoned  by  writ  of  subpoena  to  attend,  on 
penalty  of  £lt>0  to  the  king,  and  £10  to  the  party,  besides 
damages  sustained  by  their  non-attendance.  All  witnesses  of 
all  religions,  who  believe  in  a  future  state  of  rewards  and 
punishments,  are  received,  but  not  persons  infamous  in  law  by 
their  crimes,  nor  persons  directly  interested  in  the  matter  at 
issue;  and  no  counsel  or  attorney  shall  be  compelled  to  disclose 
the  secrets  intrusted  to  him  by  his  client,  but  he  may  give 
evidence  of  facts  which  he  knew  by  other  means  than  for  the 
purpose  of  the  cause.  One  witness  is  sufficient  to  any  fact, 
except  in  high  treason,  when  two  are  required  ;  but  that  is 
only  in  treasons  of  conspiracy  against  the  state,  and  not  trea- 
son relating  to  the  coin,  &c.  The  oath  of  the  witness  is  to 
speak  the  truth,  the  whole  truth,  and  nothing  but  the  truth  ; 
and  all  evidence  is  to  be  given  in  open  court.  The  general 
rules  of  evidence  are: — I.  The  best  evidence  must  be  given 
that  the  nature  of  the  thing  is  capable  of.  2.  No  person  inte- 
rested in  the  question  can  be  a  witness;  but  to  this  there  are 
exceptions;  as,  first,  in  criminal  prosecutions;  secondly,  for 
general  usage,  for  convenience  of  trade,  as  a  servant  to  prove 
the  delivery  of  goods,  though  it  tends  to  clear  bimselfof  neg- 
lect. 3.  Where  the  witness  acfjuires  the  interest  by  his  own 
act,  after  the  party  wi,o  calls  him  has  a  right  to  his  evidence. 
The  third  rule  is,  that  hearsay  of  a  matter  of  fact  is  no  evi- 
dence ;  but  of  matter  of  reputation,  such  as  a  custom,  it  is  in 
some  sort  evidence.  4.  AVhere  a  general  character  is  the  mat- 
ter in  issue,  particular  facts  may  be  received  in  evidence,  but 
not  where  it  occurs  incidentally.  5.  In  every  issue  the  affirma- 
tive is  to  be  proved.  G.  No  evidence  must  be  given  of  what  is 
agreed,  or  not  denied,  upon  the  pleadings. 

Of  Persons  competent  to  r/ive  Eviilence.—TUe  king  cannot  be 
a  witness  under  his  sign  manual,  and  a  peer  must  be  sworn. 
A  judge  and  juror  may  give  evidence.  Members  of  a  corpo- 
ration cannot  be  heard  in  a  cause  of  the  corporation.  In 
actions  against  ehurchwardeus,  &c.  for  money  misspent.  See. 
paiishioners  may  be  e\idencc.  Kinsmen  are  not  lo  be  objected 
to.  Husband  and  wife  are  not  received  as  witnesses  for  or 
against  each  other ;  and  the  bail  cannot  be  a  witness  for  his 
principal,  on  account  of  his  direct  interest  in  the  event.  One 
that  has  any  benefit  under  a  will,  or  deed,  must  release  it 
before  he  can  prove  it  as  a  witness  ;  any  devise  lo  a  person 
who  is  witness  to  a  will,  or  codicil,  is  void,  and  he  shall  be 
received  as  a  witness.  A  bare  trustee,  it  is  said,  may  prove  a 
deed  made  to  himself.  In  actions  for  penalties  on  usury,  the 
borrower,  after  he  has  paid  his  money,  may  be  a  witness  to 
prove  it.  In  actions  against  the  hundred,  a  party  is  received 
as  a  witness  in  his  own  cause.  Persons  notof  sound  memory, 
attainted  of  pra-munire  or  conspiracy,  convicted  of  felony, 
perjury,  or  other  infamous  crimes,  are  incompetent  to  be 
received  as  witnesses;  but  these  are  restored  to  competency  by 
the  king's  pardon  ;  and  the  witness  shall  not  be  asked  any 
(piestion  to  accuse  himself,  but  it  must  be  proved  by  producing 
the  conviction  ;  hut  upon  conviction  of  perjury,  under  statute 
6  Eliz.  c.  0,  noihiiig  but  a  reversal  of  judgment  can  restore  a 
man  to  eompeteiu-.y. 

Wills  of  laud  must  be  attested  and  subscribed  in  the  pre- 
sence  of  the  testator  by    three   witnesses.     In   general,   the 
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courts  are  inclined  to  favour  the  receiving  of  evidence,  and  to 
consider  objections  as  to  interest,  to  go  more  to  the  credibility 
of  the  witness  than  to  his  competency. 

When  a  witness  is  not  liable  to  any  legal  objection,  he  is 
first  examined  by  the  counsel  for  the  party  on  whose  behalf  he 
comes  to  give  evidence,  which  is  called  his  examination  in 
chief,  who  is  not  to  put  what  is  called  leading  questions,  viz. 
to  form  them  into  such  a  way  as  would  instruct  the  witnesses 
in  the  answers  he  is  to  give.  He  is  then  cross-examined  by 
the  other  side,  when  leading  questions  are  necessarily  put ; 
and  then  he  is  re-examined  as  to  what  he  has  been  asked  in 
his  cross-examination.  The  party  examined  must  depose  those 
facts  only  of  which  he  has  an  immediate  knowledge  and  recol- 
lection ;  he  may  refresh  his  memory  with  notes  taken  by  him- 
self at  the  time,  and  if  he  can  then  speak  positively  as  to  his 
recollection,  it  is  sufficient ;  but  if  he  have  no  recollection  fur- 
ther than  lintling  the  entry  in  his  book,  the  book  itself  must  be 
produced.  Deeds,  receipts,  and  writings  requiring  stamps, 
must  be  stamped  before  they  can  be  received  in  evidence. 
Parole  evidence  shall  not  be  admitted  to  annul  or  substantially 
vary  a  written  instrument,  nor  to  explain  the  meaning  of  a  tes- 
tator in  a  will,  though  where  there  are  two  persons  of  the  same 
name,  and  it  is  doubtful  which  is  the  devisee,  from  an  imperfect 
description,  it  must  be  proved  by  witnesses  w  hicli  is  the  devisee. 
By  the  statute  of  frauds,  several  things  must  be  evidenced  by 
writing,  which  previously  miglit  be  proved  by  parole  only.  The 
general  rule  has  been,  for  the  last  century,  under  the  ablest 
judges,  that  no  man  shall  be  asked  a  (juestion,  the  answer  to 
which  might  subject  him  to  criminal  punishment  or  pecuniary 
penalty.  It  has  been  lately  attempted  by  some  judges  to 
extend  it  further,  to  prevent  any  question  being  asked  which 
may  degrade  a  man's  character,  which  it  is  feared  will  deprive 
the  parties  of  all  the  substantial  benefits  of  cross-examination. 

EVOLUTION,  in  War,  the  motion  made  by  a  body  of 
troops,  when  obliged  to  change  their  form  and  disposition,  to 
preserve  a  post,  or  occupy  another,  to  attack  an  enemy  with 
more  advantage,  or  to  be  in  a  better  condition  of  defending 
themselves. 

Evolution,  in  Arithmetic  and  Algebra,  is  the  extraction 
of  roots  ;  being  thus  opposed  to  involution,  which  is  the  rising 
of  powers. 

EXCENTRICITY  of  the  Orbit  of  a  Planet,  in  Astro- 
nomy, is  the  distance  between  the  centre  and  the  focus  of  the 
ellipse  in  which  it  revolves.  The  discovery  of  the  excentricity 
in  the  orbits  of  the  sun  and  moon  is  attributed  to  Ilipparchus, 
who  wrote  a  treatise  on  this  subject  l.oO  years  before  our  era. 
The  ecentricily  of  the  orbit  is  computed  from  the  greatest 
equation  of  the  centre,  by  the  following  proposition :  As  57° 
17'  44."8,  (the  are  ::::  rad.)  is  to  half  the  greatest  equation,  so  is 
rad.  zz.  1  to  the  exenetricity.  See  Astronomy  and  Equation. 

EXCEPTION,  in  Law,  is  a  stop  or  stay  to  any  action.  In 
law  proceedings,  it  is  a  denial  of  matter  alleged  in  bar  to  an 
action  ;  and  in  chancery,  it  is  what  is  alleged  against  the  sulfi- 
ciency  of  an  answer. 

EXCESS,  in  Arithmetic  and  Geometry,  is  the  difference 
between  any  two  unequal  numbers  or  quantities. 

EXCHANGE,  in  Arithmetic,  is  the  reduction  of  diderent 
coins  or  any  denominations  of  money,  whether  there  be  real 
coins  answering  to  them  or  not,  from  one  to  another  :  or  the 
method  of  finding  how  many  of  one  species,  or  denomination, 
arc  equal  in  value  to  a  given  number  of  another;  in  order  to 
which  it  is  necessary  to  know  the  value  of  the  coins  and 
moneys  of  account  of  dillerent  countries,  and  their  proportion 
to  each  other  according  to  the  settled  rate  of  exchange.  The 
several  operations  in  this  case  are  only  different  apjilications 
of  the  rule  of  three.  The  par  of  exchange  is  always  fixed  and 
certain,  it  being  the  intrinsic  value  of  foreign  money,  compared 
with  sterling;  but  the  course  of  exchange  rises  and  falls  upon 
various  occasions.  Thus  in  some  parts  of  France,  they  keep 
their  accounts  as  at  Paris,  Lyons,  and  Rouen,  in  livrcs,  sols, 
and  denicrs,  and  exchange  by  the  crown,  i=  4s.  (jrf.  at  par ; 
and  to  change  French  into  sterling,  we  say.  As  one  crown  is  to 
the  given  rate,  so  is  the  French  sum  to  the  sterling  required; 
or  tlius,  to  change  sterling  into  French,  As  the  rate  of  exchange 
is  to  one  crown,  so  is  the  sterling  sum  to  the  French  required. 
To  illustrate  whicli,  take  these  examples- 
31. 


1.  How  many  crowns  mast 
be  paid  at  Paris,  to  receive 
in  London  £1S0  exchange  at 
is.  Gd.  per  crown? 


d. 
As  54 


cr. 

I  : 


£. 

180: 

240 


54) 43200  800  o: 
432 


2.  A  merchant  at  Paris  re- 
mits to  his  correspondent  in 
London  6(M)  crowns,  at  is.  &/. 
each,  which  is  the  value  iu 
sterling? 

cr.     a.  cr. 

As  1   :  64  :  :  BOO  : 
64 


12)43200 


210)3C0|0 

£.  180 

And  these  examples  will  sulTice  for  other  places;  for  where  the 
rate  of  exchange  is  known,  we  can  easily  determine  how  much 
must  be  paid  or  received  in  any  transaction  \»ith  a  foreign 
country. 

Arbitralion,  or  Comparison  of  Exchange,  determines  the 
method  of  remitting  to,  or  drawing  upon,  foreign  places,  in 
such  a  manner  as  shall  be  most  advantageous  to  the  merchant, 
and  is  either  sinq)le  or  compound. 

Simple  Arbitration,  respects  three  places  only.  Here,  by 
comparing  the  par  of  arbitration  between  a  fiist  and  second 
place,  and  between  the  first  and  a  third,  the  rate  between  the 
second  and  third  is  discovered  ;  from  whence  a  person  can 
judge  how  to  remit  or  draw  to  the  most  advantage,  and  to 
determine  what  that  advantage  is. 

Compound  Arbitration,  respects  the  cases  in  which  the 
exchanges  among  three,  four,  or  more  places  are  concerned. 
A  person  who  knows  at  what  rate  he  can  draw  or  remit 
directly,  and  also  has  advice  of  the  course  of  exchange  in 
foreign  parts,  may  trace  out  a  path  for  circulating  his  money, 
through  more  or  fewer  of  such  places,  and  also  in  such  order, 
as  to  make  a  benefit  of  his  skill  and  credit ;  and  in  this  lies  the 
great  art  of  such  negocialions. 

Exchange,  in  Law,  is  a  mutual  grant  of  equal  interests,  the 
one  in  consideration  of  the  other.  In  exchange,  the  estates  of 
both  parties  should  be  equal ;  that  is,  if  the  one  has  a  fee- 
simple  in  the  one  land,  the  other  should  have  a  like  «state  in 
the  other  land  ;  and  if  the  one  has  fee-tail  in  the  one  land,  the 
other  ought  to  have  the  like  estate  in  the  other  land :  and  so  of 
other  estates. 

EXCHEQUER,  an  ancient  court  of  record,  established  by 
William  the  Conqueror,  and  intended  principally  to  order  the 
revenues  of  the  crown,  and  to  recover  the  king's  debts  and 
duties.  The  court  consists  of  two  divisions,  fir.  the  receipt  of 
the  exchequer,  which  manages  the  royal  revenue  ;  and  the 
judicial,  which  is  subdivided  into  a  court  of  equity,  and  a  court 
of  common  law. 

Exchequer  Bills,  bills  or  tickets  issued  by  the  Exchequer, 
payable  out  of  the  produce  of  a  particular  tax,  or  generally  out 
of  the  supplies  granted  for  the  year,  and  receivable  in  all  pay- 
ments to  the  exchequer.  The  interest  payable  on  them  has  been 
at  various  rates  according  to  the  current  rate  of  interest  at  the 
time  they  were  issued  ;  those  at  present  (1824)  in  circulation, 
bear  interest  at  the  rate  of  Id.  a  day  per  cent.  They  are  fre- 
quently made  out  ier  £100  each,  but  those  issued  of  late  years 
have  been  chiefly  for  £1000  each,  and  they  have  sometimes 
been  made  for  much  larger  sums  ;  they  are  numbered  arithme- 
tically, and  registered  accordingly,  for  the  purpose  of  paying 
them  off  in  regular  course,  the  time  of  which  is  notified  by  public 
advertisement.  The  daily  transactions  between  the  bank  and 
the  exchequer  are  chiefly  carried  on  by  these  bills,  which  are 
deposited  by  the  bank  in  the  exchequer  to  the  amount  of  the 
sums  received  by  them  on  account  of  government ;  the  bank 
notes  and  cash  thus  received  by  the  bank  being  retained  by 
them,  as  the  detail  part  of  the  money-concerns  of  government 
is  all  transacted  at  the  bank.  The  instalments  on  loans  are 
paid  into  the  receipt  of  the  exchequer  in  exchequer  bills,  which 
arc  received  again  by  the  bank  as  cash,  either  for  the  amount 
of  dividends  due,  or  in  repayment  of  advances.  When  these 
bills  sell  at  a  considerable  discount,  or  any  other  circumstance 
indicates  that  the  <|nantity  of  them  in  circulation  is  too  great, 
the  usual  expedient  is  to  fund  a  part  of  them,  that  is,  to  cou- 
4  F 
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vert  them  iuto  a  permanent  debt,  by  offering  the  holders  of  them 
stock  in  lieu  of  their  bills. 

EXCISE  Duties,  inland  taxes  on  commodities  of  general 
consumption,  but  in  general,  the  articles  subjected  to  it  have 
been  such  as  arc  not  absolutely  essential  to  subsistence.  Salt 
appears  to  have  been  the  object  of  an  excise  duty  at  a  very 
early  period ;  in  later  times,  oil,  wine,  tobacco,  and  various 
other  consumable  articles,  have  been  burdened  with  duties  of 
this  description. 

Excise,  one  of  the  principal  branches  of  the  public  revenue, 
consisting  of  inland  duties,  or  taxes  on  articles  manufactured 
or  consumed,  whereas  the  duties  of  customs  are  paid  on  goods 
brought  into  or  carried  out  of  the  country. 

Excise,  in  Law,  is  an  inland  imposition,  sometimes  paid 
upon  the  consumption  of  the  commodity,  or  frequently  upon 
the  retail  sale,  which  is  the  last  stage  previous  to  the  consump- 
tion. For  more  easily  levying  the  revenue  of  the  excise,  the 
kingdom  of  England  and  Wales  is  divided  into  about  lilty  col- 
lect'ions,  some  of  which  are  called  by  the  names  of  particular 
counties,  othej-s  by  the  names  of  great  towns  ;  where  one  county 
is  divided  into  several  collections,  or  where  a  collection  com- 
prehends the  contiguous  parts  of  several  counties,  every  such 
collection  is  subdivided  into  several  districts,  within  which 
there  is  a  supervisor;  and  each  district  is  again  subdivided 
into  out-rides  and  foot-walks,  within  each  of  which  there  is  a 
gauger  or  surveying  officer.  The  officers  of  excise  are  to  be 
appointed,  and  may  be  dismissed,  replaced,  or  altered,  by  the 
commissioners,  under  their  hands  and  seals  ;  their  salaries  are 
allowed  and  established  by  the  Treasury.  If  it  be  proved  by 
two  witnesses,  that  any  officer  has  demanded  or  taken  any 
money,  or  other  reward  whatever,  except  of  the  king,  such 
offender  shall  forfeit  his  office.  By  several  statutes,  no  process 
can  be  sued  out  against  any  officer  of  excise,  for  any  act  done 
in  the  execution  of  his  office,  until  one  month  after  notice  given, 
specifying  the  cause  of  action,  and  the  name  and  abode  of  the  ' 
person  who  is  to  begin,  and  the  attorney  who  is  to  conduct  the 
action ;  and  within  one  month  after  such  notice,  the  officer  may 
tender  amends,  and  plead  such  tender  in  bar  ;  and  having  ten- 
dered insufficient  or  no  amends,  he  may,  with  leave  of  the 
court,  before  issue  joined,  pay  money  into  court.  Officers  of 
excise  are  empowered  to  search  at  all  times  of  the  day,  enter 
warehouses,  or  places  for  tea,  coffee,  &c.  But  private  houses 
can  only  be  searched  upon  oath  of  the  suspicion,  before  a  com- 
missioner or  justice  of  the  peace,  who  can,  by  their  warrant, 
authorize  a  search.  The  office  of  excise  has  also  several 
excellent  regulations  for  procuring  the  due  attention  and  good 
conduct  of  their  officers. 

EXCLUSION,  in  Mathematics,  is  a  method  of  coming  at  the 
solution  of  numerical  problems,  by  previously  throwing  out  such 
numbers  as  are  of  no  use  in  solving  the  question. 

EXCOECARIA,  a  genus  of  the  triandria  order,  in  the  dioecia 
class  of  plants  ;  and  in  the  natural  method  ranking  under  the 
3Sth  order,  tricoccae.  There  are  two  species.  The  agallocha, 
or  aloes  wood,  is  a  native  of  China  and  some  of  the  India 
islands,  and  is  about  the  same  height  and  form  as  the  olive 
tree.  Its  trunk  is  of  three  colours,  and  contains  as  many  sorts 
of  wood  :  the  heart  is  that  of  tambac,  or  calombac,  which  is 
dearer  iu  the  Indies  than  gold. 

EXCOMMUNICATION,  an  ecclesiastical  penalty  or  cen- 
sure, whereby  such  persons  as  are  guilty  of  any  notorious 
crime  or  offence,  are  separated  from  the  coinmunion  of  the 
ciiurch,  and  deprived  of  all  spiritual  advantages. 

EXCORIATION,  in  Medicine  and  Surgery,  the  galling  or 
rubbing  off' the  cuticle,  or  external  skin. 

EXCRETION,  or  Secretion,  in  Medicine,  a  separation  of 
some  fluid,  mixed  with  the  blood,  by  means  of  the  glands. 

EXECUTION,  in  Law,  is  a  judicial  writ,  grounded  on  the 
judgment  of  the  court  whence  it  issues;  and  is  supposed  to 
he  granted  by  the  court,  at  the  request  of  the  party  at  whose 
suit  it  is  issued,  to  give  him  satisfaction  on  the  judgment  which 
he  hath  obtained  ;  and  therefore  an  execution  cannot  be  sued 
out  in  one  court,  upon  a  judgment  obtained  in  another.  These 
are  of  different  sorts,  according  to  the  nature  of  the  action : 
In  actions  were  money  is  recovered,  as  a  debt  or  damages,  they 
are  of  five  sorts  ;  \.  against  the  body  of  the  defendant;  2.  or 
against  his  goods  or  chattels  ;  3.  against  his  goods  and  the 


profits  of  his  lands  ;  '4.  against  the  goods  and  the  possession  of 
ins  lands  ;  5.  against  all  three,  his  body,  lands,  and  goods. 

Execution  of  Criminals,  must  be  according  to  the  judgment ; 
and  the  king  cannot  alter  a  ju-lgment  from  hanging  to  behead- 
ing, because  no  execution  can  be  warranted,  unless  it  be  pur- 
suant to  the  judgment.  This  being  the  completion  of  human 
punishment,  in  all  cases,  as  well  capital  as  otherwise,  must  be 
performed  by  the  legal  officer,  the  sheriff  or  his  deputy.  Mur- 
derers are  to  be  executed  the  day  next  but  one  after  convic- 
tion, unless  it  be  Sunday,  and  anatomized  ;  for  which  reason 
they  are  generally  tried  on  a  Friday. 

EXECUTOR,  a  person  appointed  by  the  testator  to  carry 
into  execution  his  will  and  testament  after  his  decease.  The 
regular  mode  of  appointing  an  executor  is,  by  naming  him 
expressly  in  the  will  ;  but  any  words  indicating  an  intention 
of  the  testator  to  appoint  an  executor,  will  be  deemed  a  suffi- 
cient appointment. 

EXEGESIS,  a  discourse  by  way  of  explanation,  or  comment, 
upon  any  subject. 

EXEMPLIFICATION  of  Letters  Patent,  a  transcript  or 
duplicate  of  them,  made  from  the  enrolment  thereof,  and  sealed 
wilh  the  great  seal. 

EXERCISE,  the  preparatory  practice  of  managing  the  artil- 
lery and  small  arms,  in  order  to  make  the  ship's  crew  perfectly 
skilled  therein,  so  as  to  direct  its  execution  successfully  in  the 
time  of  battle.  The  exercise  of  the  great  guns  of  our  navy 
has  been  as  well  as  all  others,  very  complicated,  and  abound- 
ing with  superfluities,  but  the  following  concise  method  has 
been  introduced  by  an  officer  of  distinguished  abilities,  with 
much  success.  As  these  instructions  abound  with  several 
technical  terms,  the  reader,  whenever  at  a  loss,  may  look  for 
any  of  those  articles,  which  are  all  explained  in  this  work. 
Exercise  of  the  Great  Guns. 


1st.  Silence. 

2d.    Cast  loose  your  guns. 

3d.    Level  jour  guns. 

4th.  Take  out  your  tompions. 

5th.  Run  out  your  guns. 

6th.  Prime. 

7th.  Point  your  guns. 


8th.  Fire. 

9th.  Sponge  yoar  guns. 

10th.  Load  with  cartridge. 

11th.  Shot  your  guns. 

12th.  Put  in  your  tompioDS. 

I3tli.  House  your  gnus. 

14tli.  Secure  your  guns. 


LTpon  beating  to  arms  (every  person  having  immediately 
repaired  to  his  quarters)  the  midshipman,  commanding  a  num- 
ber of  guns,  is  to  see  that  they  are  not  without  every  necessary 
article,  as  (at  every  gun)  a  sponge,  powder-horn,  with  its 
priming-wires,  and  a  sufficient  quantity  of  powder,  shot,  crow, 
handspike,  bed,  quoin,  train-tackle,  &c.  sending,  without  delay, 
for  a  supply  of  any  thing  that  may  be  missing  ;  and  for  the 
greater  certainty  of  not  overlooking  any  deficiency,  he  is  to 
give  strict  orders  to  every  captain  under  him  to  make  the  like 
examination  at  his  respective  gun,  and  to  take  care  that  every 
requisite  is  in  a  serviceable  condition,  which  he  is  to  report 
accordingly.  And  besides  the  other  advantages  of  this  regula- 
tion, for  the  still  more  certain  and  speedy  account  of  being 
taken  upon  these  occasions,  the  midshipman  is  to  give  each 
man  his  charge  at  quarters,  (as  expressed  in  the  form  of  the 
monthly  report,)  who  is  to  search  for  his  particular  implements, 
and  not  finding  them,  is  immediately  to  acquaint  his  captain, 
that  upon  his  report  to  the  midshipman  they  may  be  replaced. 

The  man  who  takes  care  of  the  powder  is  to  place  himself  on 
the  opposite  side  of  the  deck  from  that  where  we  engage, 
except  when  fighting  both  sides  at  once,  when  he  is  to  be  amid- 
ships. He  is  not  to  suffer  any  other  man  to  take  a  cartridge 
from  him,  but  he  who  is  appointed  to  serve  the  gun  with  that 
article,  either  in  time  of  a  real  engagement  or  at  an  exercise. 

Lanterns  are  not  to  be  brought  to  quarters  in  the  night,  until 
the  midshipman  gives  his  orders  for  so  doing  to  the  person  he 
charges  with  that  article.  Every  thing  being  in  its  place,  and 
not  the  least  lumber  in  the  way  of  the  guns,  the  exercise  begins 
with — 

1st.  Silence.  At  this  word  every  one  is  to  observe  a  silent 
attention  to  the  officers. 

2d.  Cast  louse  your  Guns.  The  muzzle-lashing  is  to  be  taken 
off  from  the  guns,  and  (being  coiled  up  in  a  small  compass)  is 
to  be  made  fast  to  the  eye-bolt  above  the  ports.  The  lashing- 
tackles  at  the  same  time  to  be  cast  on,  and  the  middle  of  the 
brecchings  seized  to  the  thimble  of  the  pomiliou.     The  sponge 
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to  be  taken  down,  and  with  tbe  crow,  handspike.  Sac.  laid  upon 
the  deck  by  the  gun.  When  prepared  ft)r  engaging  an  enemy, 
the  seizing  within  the  clinch  of  the  breeching  is  to  he  cut,  that 
the  gun  may  come  sufficienlly  within  board  for  loading,  and 
that  the  force  of  the  recoil  may  be  more  spent  before  it  acts 
upon  the  breeching. 

3d.  Level  your  Guns.  Tlie  breech  of  your  metal  is  to  be 
seized  so  as  to  admit  the  foot  of  the  bed's  being  placed  upon 
the  axle-tree  of  the  carriage  with  the  quoin  upon  the  bed,  both 
the  ends  being  even  one  with  the  other.  When  levelled  for 
firing,  the  bed  is  to  be  lashed  to  the  bolt  which  supports  the 
inner  end  of  it,  that  it  may  not  be  thrown  out  of  its  place  by 
the  violence  of  the  gun's  motion  when  hot  with  frequent 
discharges. 

4tb.  Take  out  your  Tompiuns.  The  tompion  is  to  be  taken 
out  of  the  gun's  mouth,  and  left  hanging  by  its  laniard. 

5th.  liun  out  your  Guns.  With  the  tackles  hooked  to  the 
upper  bolts  of  the  carriage,  the  gun  is  to  be  bowsed  out  as 
close  as  possible,  without  the  assistance  of  crows  or  handspikes, 
taking  care  at  the  same  time  to  keep  the  breeching  clear  of  the 
trucks,  by  hauling  it  through  the  rings  ;  it  is  then  to  be  bent 
so  as  to  run  clear  when  the  gun  is  fired.  When  the  gun  is 
run  out,  the  tackle-falls  are  to  be  laid  alongside  the  carriages 
in  neat  fakes,  that  when  the  gun,  by  recoiling,  overhauls  them, 
they  may  not  get  foul,  as  they  would  if  in  a  common  coil. 

6th.  Prime.  If  the  cartridge  is  to  be  pierced  with  the  prim- 
ing wire,  and  the  vent  filled  with  powder,  the  pan  also  is  to  be 
filled,  and  the  flat  space,  having  a  score  through  it  at  the  end 
of  the  pan,  is  to  be  covered  ;  and  this  part  of  the  priming  is  to 
be  braised  with  the  round  part  of  the  horn.  The  apron  is  to  be 
laid  over,  and  the  horn  hung  up  out  of  danger  from  the  flash  of 
the  priming. 

7th.  Point  your  Guns.  At  this  command  the  gun  is,  in  the 
first  place,  to  be  elevated  to  the  height  of  the  object  by  means 
of  the  side-sights  ;  and  then  the  person  pointing  is  to  direct  his 
fire  by  the  upper  sight,  having  a  crow  on  one  side,  and  a  band- 
spike  on  the  other,  to  heave  the  gun  by  his  direction  till  he 
catches  the  object.  The  men  who  heave  tiie  gun  for  pointing, 
are  to  stand  between  the  ship  s  side,  and  their  «;rows  or  hand- 
spikes, to  escape  the  injury  they  might  otherwise  receive  from 
their  being  struck  against  them,  or  splintered  by  a  shot  ;  and 
the  man  who  attends  the  captain  with  a  match  is  to  bring  it  at 
the  word  "  point  your  guns,"  and  kneeling  upon  one  knee 
opposite  tbe  train-truck  of  the  carriage,  and  at  such  distance 
as  to  be  able  to  touch  the  priming,  is  to  turn  his  head  from  the 
gun,  and  keep  blowing  gently  apon  the  lighted  match  to  keep 
it  clear  from  ashes.  And  as  the  missing  of  an  enemy  in  action, 
by  neglect,  or  want  of  coolness,  is  most  inexcusable,  it  is  par- 
ticularly recommended  to  have  the  people  thoroughly  instructed 
ill  pointing  well,  and  taught  to  know  the  ill  consequences  of  not 
taking  proper  means  to  hit  their  mark  ;  wherefore  they  should 
be  made  to  elevate  their  guns  to  the  utmost  nicety,  and  tlien  to 
point  with  the  same  exactness  ;  and  having  caught  the  object 
through  the  upper  sight,  at  the  word 

8lh.  Fire,  "The  match  is  instantly  to  be  put  to  the  bruised 
part  of  the  priming,  and  when  the  gun  is  di.scharged,  the  vent 
is  to  be  closed,  in  order  to  smother  any  spark  of  fire  that  may 
remain  in  the  chamber  of  the  gun;  and  the  man  who  sponges, 
i«  immediately  to  place  himself  by  the  muzzle  of  the  gun  is 
readiness,  when,  at  the  next  word, 

9th.  Sponge  your  Gun,  The  sponge  is  to  be  rammed  down 
to  the  bottom  of  the  chamber,  antl  then  twisted  round,  to 
extinguish  effectually  any  remains  of  fire  ;  and  when  drawn 
out,  to  be  struck  against  the  outside  of  the  muzzle,  to  shake  off 
any  sparks  or  scraps  of  the  cartridge  that  may  have  come  out 
with  it ;  and  next  its  end  is  to  be  shifted  ready  for  loading  , 
and  while  this  is  doing,  the  man  appointed  to  provide  a  car- 
tridge is  to  go  to  the  box,  and  by  the  time  the  sponge  is  out  of 
the  gun,  he  is  to  have  it  ready  ;  and  at  the  word 

lOlh.  Loadirith  Cartridye,  The  cartridge  (with  bottom  end 
first,  seam  downwards,  and  a  wad  after  it,)  is  to  be  put  into 
the  gun,  and  thrust  a  little  way  within  the  mouth,  when  the 
raniuier.is  to  be  entered  ;  the  cartridge  is  then  to  be  rammed 
down,  and  the  captain  at  the  same  time  is  to  keep  his  priming- 
wire  in  the  vent,  and  seeing  the  cartridge,  is  to  give  the  word 
"  home,"  when  the  rammer  is  to  be  drawn,  and  not  before. 


While  this  is  doing,  the  man  appointed  to  provide  a  shot  ii  to 
provide  one  (or  two,  according  to  the  order  at  that  time,)  ready 
at  the  muzzle,  with  a  wad  likewise  ;  and  when  the  rammer  i.i 
drawn,  at  the  word 

11th.  Sliot  your  Guns,  The  shot,  and  wad  upon  it,  arc  to  be 
put  into  the  gun,  and  thrust  a  little  way  down,  «hen  the  ram- 
mer is  to  be  entered  as  before.  The  shot  and  wad  are  to  be 
rammed  down  to  the  cartridge,  and  there  have  a  couple  of 
forcible  strokes,  when  the  rammer  is  to  be  drawn,  and  laid  out 
of  the  way  of  the  guns  and  tackles,  if  the  exercise  or  action  is 
continued  ;  but  if  it  is  over,  the  sponge  is  to  be  secured  in  the 
place  it  is  at  all  times  kept  in. 

12th.  Put  m  your  7'ompions.  The  tompioos  to  be  pat  into 
the  mnzzle  of  the  cushion. 

I.'?th.  House  your  Guns.  The  seizing  is  to  be  put  on  again 
upon  the  clinched  end  of  the  breeching,  leaving  it  no  slacker 
than  to  admit  of  the  gun's  being  hoisted  with  ease.  The  quoin 
is  to  be  taken  from  under  the  breech  of  the  gun  and  the  bed. 
still  resting  upon  the  bolt  within  the  carriage,  thrust  under  till 
the  foot  of  it  falls  off  the  axletree,  leaving  it  to  rest  upon  the 
end  which  projects  out  from  the  foot.  The  metal  is  to  be  let 
down  upon  this.  The  gun  is  not  to  be  placed  exactly  square, 
and  the  muzzle  is  to  be  close  to  the  wood,  in  its  proper  place 
for  passing  the  muzzle-lashings. 

14th.  Secure  your  Guns.  The  muzzle-lashings  roust  first  be 
made  secure,  and  then  with  one  tackle,  having  all  its  parts 
equally  taught  with  the  breccliing,  the  gun  is  to  be  lashed. 
The  other  tackle  is  to  be  bowsed  taught,  and  by  itself  made 
fast,  that  it  may  be  ready  to  cast  off  for  lashing  a  second 
breeching.  Care  must  be  taken  to  hook  the  first  tackle  to  the 
upper  bolt  of  the  carriage,  that  it  may  not  otherwise  obstruct 
the  reeving  of  the  second  breeching,  and  to  give  the  greater 
length  to  the  end  part  of  the  fall.  No  pains  must  be  spared  in 
bowsing  the  lashing  very  taught,  that  the  guns  may  have  the 
least  play  that  is  possible,  as  their  being  loose  may  be  produc- 
tive of  very  dangerous  consequences.  The  quoin,  crow,  and 
handspike,  are  to  be  put  under  the  gun;  the  nowder  bom  hnn" 
up  in  its  place,  &.c.  "  -  " 

"  Being  engaged  at  any  lime  when  there  is  a  large  swell,  a 
rough  sea,  or  in  squally  weather,  &c.  as  the  ship  may  be  liable 
to  be  suddenly  much  heeled,  the  port  tackle-fall  is  to  be  kept 
clear,  and  whenever  the  working  of  the  gun  will  admit  of  it, 
the  man  charged  with  that  office  is  to  keep  it  in  his  hand;  at 
the  same  time  the  muzzle  lashing  is  to  be  kept  fast  to  the  ring 
of  the  port,  and  being  hauled  taught,  is  to  be  fastened  to  the 
eye-bolt  over  the  port  hole,  so  as  to  be  out  of  tlic  gun's  way  in 
firing,  in  order  to  haul  it  in  at  any  time  of  danger.  This  pre- 
caution is  not  to  be  omitted  when  engaging  to  the  windward, 
any  more  than  when  to  the  leeward,  tho.se  situations  being  very 
subject  to  alter  at  too  short  a  warning.  A  train  tackle  is  always 
to  be  made  use  of  with  the  lee  guns,  and  the  man  stationed  to 
attend  it  is  to  be  very  careful  in  preventing  the  gun's  runoiog 
out  at  an  improper  time. 

Exercise  may  also  be  applied  with  propriety  to  the  forming 
a  fleet  into  order  of  sailing,  line  of  Imtllc,  S>c.  an  art  which  tho 
French  have  termed  evolutions  or  tactics.  In  this  sense  exer. 
cise  may  be  defined  the  execution  of  the  movements  w  hich  the 
different  orders  and  dispositions  of  fleets  occasionally  require, 
and  which  the  several  ships  are  directed  to  perform  by  means 
of  signals. 

KXHAUSTED  Receiver,  a  glass,  or  other  vessel,  out  of 
which  the  air  hath  been  drawn  by  means  of  the  air-pump.  See 
Pneumatics. 

EXHAUSTIONS,  in  Geometry.  Method  of  exhaustions  is 
a  way  of  proving  the  equality  of  two  magnitudes,  by  a  reductio 
ad  absurdum,  shewing,  that  if  one  be  supposed  cither  greater 
or  less  than  the  other,  there  will  arise  a  contradiction.  The 
method  of  exhaustions  was  of  frequent  use  among  the  ancient 
mathematicians,  as  Euclid,  Archimedes,  &c.  It  is  founded  on 
what  the  former  says  in  his  tenth  book,  n'r.  that  those  quan- 
tities whose  difference  is  less  than  any  assignable  quantity ,  are 
equal ;  for  if  they  were  unequal,  however  small  the  difference 
might  be,  yet  it  might  be  so  multiplied,  as  to  become  greater 
than  eitherof  them,  and  if  not  so,  then  it  is  really  nothing. 

EXHIBIT,  in  Law,  is  where  a  writing,  being  produced  in  a 
chancery  suit,  the  comiuissioner  certifies  on  the  back  thereof, 
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that  the  same  was  shewn  to  the  witness  at  the  time  of  his 
examination,  and  by  him  sworn  to. 

EXHIBITION,  a  benefaction  settled  for  the  benefit  of  scho- 
lars in  the  universities,  that  are  not  on  the  Ibundation. 

EXIGENT,  in  Law,  a  writ  which  lies  where  the  defendant 
in  a  personal  action  cannot  be  found,  nor  any  effects  of  his 
within  the  country,  by  which  he  may  be  attached  or  distrained. 

EXOCOETUS,or  the  Flying  Fish,  in  Ichthyology,  a  genus 
belonging  to  the  order  of  abdomtnales.  "When  pursued  by 
another  6sli,  it  raises  itself  from  the  water  by  means  of  these 
fins,  and  ilies  in  the  air  to  a  considerable  distance,  till  the  fins 
are  dry,  and  then  it  falls  down  into  the  water.  In  its  own 
element  it  is  perpetually  harassed  by  the  dorados  and  other 
fish  of  prey.  If  it  endeavours  to  avoid  them,  by  having  recourse 
to  the  air,  it  either  meets  its  fate  from  the  gulls  or  the  alba- 
tross, or  is  forced  down  again  into  the  mouths  of  the  inhabitants 
of  the  water,  who  below  keep  pace  with  its  aerial  excursions. 
This  fish  is  most  common  between  the  tropics. 

EXOTIC,  an  appellation  for  the  produce  of  foreign  coun- 
tries. Exotic  plants  of  the  hot  climates  are  very  numerous, 
and  require  the  utmost  attention  of  the  gardener. 

EXOTERIC  and  ESOTERIC,  are  terms  denoting  external 
and  internal,  and  were  applied  to  the  double  doctrine  of  the 
ancient  philosophers,  the  former  public  and  open,  and  the 
latter  secret,  or  confined  to  a  select  number  of  disciples. 

EXPANSION,  in  Physics,  is  the  enlargement  or  increase  in 
the  bulk  of  bodies,  in  consequence  of  a  change  in  their  tempe- 
rature. This  is  one  of  the  most  general  efl'ects  of  heat,  being 
common  to  all  bodies  whatever,  whether  solid  or  fluid.  The 
expansion  of  solid  bodies  is  determined  by  the  Pyrometer, 
and  that  of  iluids  by  the  Thermometer.     See  these  articles. 

The  expansion  of  fluids  varies  considerably  ;  but,  in  general, 
the  denser  the  fluid,  the  less  the  expansion:  thus,  water  ex- 
pands more  than  mercury,  and  spirits  ot  wine  more  than 
water;  and  commonly  the  greater  the  heat,  the  greater  the 
expansion  ;  but  this  is  not  universal,  for  there  are  cases  in 
which  expansion  is' produced,  not  by  an  increase,  but  by  a 
diminution  of  temperature.  Water  furnishes  us  with  the  most 
remarkable  instance  of  this  kind.  Its  maximum  of  density 
corresponds  with  42°. 5  of  Fahrenheit's  thermometer,  when 
cooled  down  below  42°. 5,  it  undergoes  an  expansion  foi  every 
degree  of  temperature  wliich  it  loses  ;  and  at  32°  the  expan- 
sion amounts  to  f^-,  of  the  whole  expansion  which  water  under- 
goes when  heated  from  42° .5  to  212°.  With  this,  more  recent 
experiments  coincide  very  nearly  ;  for  by  cooling  100,000  parts 
in  bulk  of  water  from  42°.o  to  32°,  they  were  converted  to 
100,031  parts.  The  expanskin  of  water  is  the  same  for  any 
number  of  degrees  above  or  below  the  maximum  of  density. 
Thus,  if  we  heat  water  ten  degrees  above  42°.5,  it  occupies  pre- 
cisely the  same  bulk  as  it  does  when  cooled  down  ten  degrees 
below  42°.5.  Therefore  the  density  of  water  at  32"  and  at  53° 
is  precisely  the  same.  Dalton  cooled  water  to  the  tempera- 
ture of  5°  without  freezing,  or  37°. 5  below  the  maximum  point 
of  density  ;  and  during  the  whole  of  that  range,  its  bulk  pre- 
cisely corresponded  with  the  bulk  of  water  the  same  number  of 
degrees  above  42°.5. 

The  prodigious  force  with  which  water  expands  in  the  act  of 
freezing,  is  shewn  by  glass  bottles  filled  with  water,  which  are 
commonly  broken  in  pieces  when  the  water  freezes.  A  brass 
globe  whose  cavity  is  an  inch  in  diameter,  may  be  burst  by 
filling  it  with  water  and  freezing  it.  and  the  force  necessary  for 
this  elTect  is  27,720  this  weight.  The  expansive  force  of  freez- 
ing water  may  be  explained,  by  supposing  it  the  consequence 
of  a  tendency  which  water,  in  consolidating,  is  observed  to 
have  to  arrange  its  particles  in  one  determinate  manner,  so  as 
to  form  prismatic  crystals,  crossing  each  other  at  angles  of 
60°  and  120°.  The  force  with  which  they  arrange  themselves 
in  this  manner  must  be  enormous,  since  it  enables  small  quan- 
tities of  water  to  overcome  so  great  mechanical  pressures.  This 
observation  is  conspicuously  illustrated  by  observing  the  crys- 
tals of  ice  on  a  piece  of  water  exposed  to  the  action  of  the  air 
in  frosty  weather;  or  upon  a  pane  of  glass  in  a  window  of  a 
room  without  a  fire,  at  the  same  season.  Various  methods 
have  been  tried  to  ascertain  the  specific  gravity  of  ice  at  32°; 
that  which  succeeded  best  was  to  dilute  spirits  of  v.ine  with 
water  till  a  mass  of  solid  ice  put  into  it  remained  in  any  part 


of  .the  liquid  without  either  sinking  or  rising.  The  specific 
gravity  of  such  a  liquid  is  0.92,  which  of  course  is  the  specific 
gravity  of  ice,  supposing  the  specific  gravity  of  water  at  60°  to 
be  1.  This  is  an  expansion  much  greater  than  water  experi- 
ences even  when  heated  to  212°,  its  boiling  point.  We  see 
from  this,  that  water,  when  converted  into  ice,  no  longer  ob- 
serves that  equable  expansion  measured  by  Dalton,  but  under- 
goes a  very  rapid  and  considerable  augmentation  of  bulk. 

EXPARTE,  a  term  used  in  the  Court  of  Chancery,  when  a 
commission  is  taken  out  and  executed  by  one  side  or  party 
only,  upon  the  other  parties  neglec linger  refusing  tojoin  therein. 

EXPECTATION,  in  the  Doctrine  of  Chances,  is  the  value 
any  prospect  of  prize  or  property  depending  upon  the  happen- 
ing of  some  uncertain  event,  the  value  of  which  in  all  cases  is 
equal  to  the  whole  sum  multiplied  by  the  probability  that  the 
event  on  which  it  depends  may  happen. 

Expectation,  in  the  Doctrine  of  Life  Annuities,  denotes  that 
particular  number  of  years  which  a  life  of  a  given  age  has  an 
equal  chance  of  enjoying,  or  the  time  which  a  person  of  a 
given  age  may  justly  expect  to  live.  But  Simpson  has  shewn 
that  this  period  does  not  coincide  with  that  which  writers  on 
annuities  call  the  expectation  of  life,  except  on  a  supposition 
of  a  uniform  decrease  in  the  probabilities  of  life  ;  and  Dr.  Price 
adds,  that  even  on  this  supposition  it  does  not  coincide  with 
what  is  called  the  expectation  of  life,  in  any  case  of  joint  lives. 
See  Survivorship.  The  expectation  of  life  coincides  with  the 
sums  of  the  present  probabilities,  that  any  single  or  joint  life 
shall  attain  to  the  end  of  the  first,  second,  third,  &c.  moments 
from  this  time  to  the  end  of  their  possible  existence,  or  in  case 
of  survivorships,  with  the  sum  of  the  probabilities,  that  there 
shall  be  a  survivor  at  the  expiration  of  those  periods.  From 
which  principles  Dr.  Price  has  shewn  how  Demoivre  deduced 
his  rules  for  detei  .mining  the  expectation  of  any  given  life. 
.Simpson's  Table  of  the  Expectation  of  Life  in  London,  is  as 
follows  : 


Age. 

1 

Exliectation. 

Age. 

21 

Expectation. 

Age. 

41 

Expectation. 

Age. 

61 

1 

Expectation. 

270 

28-3 

19-2 

120 

2 

320 

22 

27-7 

42 

18-8 

62 

11-6 

3 

340 

23 

27-2 

43 

18-5 

63 

11-2 

4 

35-(5 

24 

26-6 

44 

181 

64 

108 

5 

360 

25 

261 

45 

17-8 

65 

10-5 

G 

360 

26 

2.5-6 

46 

174 

66 

101 

7 

35-8 

27 

251 

47 

170 

67 

98 

8 

33-6 

28 

24-6 

48 

16-7 

68 

9-4 

9 

35-2 

29 

24- 1 

49 

16-3 

69 

91 

10 

34-8 

30 

23-6 

50 

160 

70 

8-8 

11 

34.3 

31 

231 

51 

15-6 

71 

8-4 

12 

33-7 

32 

22-7 

52 

15  2 

72 

81 

13 

331 

33 

22-3 

53 

149 

73 

7-8 

14 

326 

34 

21-9 

54 

14o 

74 

7-6 

lb 

31-9 

35 

21-5 

55 

14-2 

75 

72 

16 

31-3 

36 

21.1 

56 

13-8 

76 

6-8 

17 

30-7 

37 

20-7 

57 

134 

77 

6-4 

18 

30- 1 

38 

20-3 

58 

13-1 

78 

60 

19 

29-5 

39 

19-9 

59 

12-7 

79 

65 

20 

28-9 

1 

40 

19-6 

60 

1 

12-4 

80 

6.0 

From  this  table,  the  expectation  of  life,  at  any  age,  is  found 
on  inspection  ;  thus,  a  person  of  20  years  of  age  has  an  expec- 
tation of  living  289  years,  and  in  the  same  manner  may  be 
found  the  expectation  at  any  other  age. 

EXPECTOR.\NTS,  in  Pharmacy,  medicines  which  promote 
expectoration;  such  are  the  stimulating  gums  and  resins, 
squills,  &c. 

EXPECTORATION,  the  act  of  evacuating  or  bringing  up 
phlegm,  or  other  matters,  out  of  the  trachea  and  lungs,  by 
coughing,  &c. 

EXPERI.MENT,  in  Philosophy,  is  a  trial  of  the  effect  or 
result  of  certain  applications  and  motions  of  natural  bodies,  in 
order  to  discover  their  natures,  laws,  relations.  Sec. 

EXPERIMENTAL  Philosophy,  is  that  which  deduces  the 
laws  of  nature,  the  properties  and  powers  of  bodies,  and  their 
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actions  upon  each  other,  from  sensible  experiments  and  obser- 
vations. In  our  inquiries  into  nature,  we  are  to  be  guided  by 
those  rules  and  maxims  which  are  found  genuine,  and  conso- 
nant to  a  just  method  of  physical  reasoning ;  and  these  rules 
are  by  Sir  Isaac  Newton  reckoned  four,  viz.  I.  More  causes 
of  natural  things  are  not  to  be  admitted,  than  are  true,  and 
sufficient  to  explain  the  phenomena;  for  nature  is  simple,  and 
does  nothing  in  vain.  2.  Therefore  of  natural  ed'ects  of  the 
same  kind,  the  same  causes  are  to  be  assigned,  as  far  as  it  can 
be  done  ;  as  of  respiration  in  man  and  beasts,  of  the  descent  of 
stones  in  Europe  and  America,  of  light  in  a  culinary  fire  and  in 
the  sun,  and  of  therefleclion  of  light  in  the  earth  and  the  other 
planets.  3.  The  qualities  of  natural  bodies  which  cannot  be 
increased  or  diminished,  and  agree  to  all  bodies  on  which 
experiments  can  be  made,  are  to  be  reckoned  as  the  qualities 
of  all  bodies  whatever ;  thus,  because  extension,  divisibility, 
hardness,  impenetrability,  mobility,  the  vis  inertia,  and  gravity, 
are  found  ia  all  bodies  under  our  inspection,  we  may  conclude 
that  they  belong  to  all  bodies  wliatever,  and  of  which  they  arc 
the  original  and  universal  properties.  4.  In  experimental 
philosophy,  propositions  collected  from  the  phenomena  by 
induction,  are  to  be  deemed  (notwithstanding  contrary  hypo- 
theses) either  exactly,  or-very  nearly  true,  till  other  phaenomena 
occur,  by  which  they  may  be  rendered  more  accurate,  or  liable 
to  exception.  This  ought  to  be  done,  lest  argument  of  induc- 
tion should  be  destroyed  by  hypotheses,  and  logical  series  be 
superseded  by  conjectures. 

EXPERIMENTUM  Ciiucis,  a  leading  or  decisive  experi- 
ment, is  so  termed  on  account  of  its  being  like  a  cross,  placed 
in  the  meeting  of  several  roads,  guiding  men  to  the  true  know- 
ledge of  what  they  are  inquiring  after;  or  on  account  of  its 
being  a  kind  of  torture,  whereby  the  nature  of  the  thing  is  dis- 
covered by  force. 

EXPLOSION,  in  Natural  Philosophy,  a  sudden  and  violent 
expansion  of  an  aijrial  or  other  elastic  fluid,  by  which  it  instantly 
throws  otf  any  obstacle  in  its  way.  Explosion  did'crs  from 
expansion  in  this ;  that  the  latter  is  a  gradual  power,  acting 
uniformly  for  some  time,  whereas  the  former  is  momentary. 
The  expansions  of  solid  substances  do  not  terminate  in  violent 
explosions,  on  account  of  their  slowness,  and  the  small  space 
through  which  the  expanding  substance  moves.  Thus  we  lind, 
that  though  wedges  of  wood,  when  wetted,  will  cleave  solid 
blocks  of  stone,  they  never  throw  them  to  any  distance,  as 
gunpowder  does.  On  the  other  hand,  it  is  seldom  that  the 
expansion  of  any  elastic  (Uiid  bursts  a  solid  substance,  without 
throwing  the  fragments  of  it  to  a  considerable  distance.  The 
reasons  of  this  may  be  comprised  in  these  particulars  :  1.  The 
immense  velocity  with  which  the  aiirial  fluids  expand,  when 
affected  by  a  considerable  degree  of  heat.  2.  Their  celerity  in 
acquiring  heat,  and  being  affected  by  it,  which  is  much  superior 
to  that  of  solid  substances.  Thus  air,  heated  as  much  as  iron 
when  brought  to  a  white  heat,  is  expanded  to  four  times  its 
bulk  :  but  the  metal  itself  will  not  be  expanded  the  600th  part 
of  that  space.  In  the  case  of  gunpowder,  the  velocity  with 
which  the  flame  moves  is  calculated  by  Mr.  Robins,  to  he  no 
less  than  7000  feet  in  a  second,  or  little  less  than  70  miles  per 
minute.  Hence  the  impulse  of  the  fluid  is  inconceivably  great, 
and  the  obstacles  on  which  it  strikes  are  carried  oil  with  vast 
velocity,  though  much  less  than  that  just  mentioned  ;  for  a 
cannon-ball,  with  the  greatest  charge  of  powder,  docs  not 
move  at  a  greater  rate  than  2400  feet  per  second,  or  little  more 
than  27  miles  per  minute.  The  velocity  of  the  ball  again  is 
promoted  by  the  sudden  propagation  of  the  heat  through  the 
whole  body  of  the  air,  as  soon  as  it  is  extricated  from  the 
materials  of  which  the  gunpowder  is  made,  so  that  it  is 
enabled  to  strike  all  at  once,  and  thus  greatly  to  augment 
the  movements  of  the  ball.  We  may  conclude,  upon  these 
principles,  that  the  force  of  an  explosion  depends,  1.  on  the 
the  quantity  of  elastic  fluid  to  be  expended  ;  2.  on  tlie  velocity 
it  acquires  by  a  certain  degree  of  heat;  and  3.  on  the  cele- 
rity with  which  the  degree  of  heat  allects  the  whole  of  the 
expansile  fluid.  These  three  take  place  in  the  greatest  perfec- 
tion where  the  electric  fluid  is  concerned,  as  in  lightning,  earth- 
quakes, and  volcanoes.     See  Stkam. 

EXPONENT,  in  Algebra,  a  number  placed  over  any  power 
or  involved  quantity,  to  shew  to  what  height  the  root  is  raised  ; 
33. 


thus  the  number  2  is  the  exponent  of  i',  and  4  the  exponent 
of  x',  OT  r  T  X  X. 

EXPORTATION,  in  Commerce,  the  art  of  sending  good^ 
out  of  one  country  into  another. 

EX  POST  FACTO,  in  Law,  something  done  after  another: 
thus,  a  law  is  said  lobe  ex  post  faclu  w\]en  it  is  enacted  to 
punish  an  offence  committed  iKfore  the  passing  of  the  law  ;  a 
violation  of  the  plainest  principles  of  justice. 

EXPRESSED  OILS,  in  Chemistry,  arc  those  which  are 
obtained  from  bodies  only  by  pressing,  to  distinguish  them 
from  animal  and  essential  oils,  which  last  arc  for  the  most  part 
obtained  by  distillation. 

EXTENSION,  in  Philosophy,  one  of  the  common  and  essen- 
tial properties  of  body,  or  that  by  which  it  possesses  or  takes 
up  some  part  of  universal  space. 

EXTENT,  in   Law,   signifies   a   writ    or   command   to  the 

sheriff,  for  the  valuing  of  lands  or  tenements;  and  sometimes 

the  act  of  the  sheriff,  or  other  commissioner,  upon  this  writ; 

but   most   commonly  it  denotes  an  estimate  or  valuation  of 

.  lands,  and  hence  come  our  extended  or  rack  rents. 

EXTERMINATION,  in  general,  the  extirpating  or  destroy- 
ing something.  In  Algebra,  surds,  fractions,  and  unknown 
quantities,  are  cxfermiuated  by  the  rules  observed  for  reducing 
equations. 

EXTRA  Judical,  in  Law,  is  when  judgment  is  given  in  a 
cause  or  case  not  depending  in  that  court  where  such  judg- 
ment is  given,  or  wherein  the  judge  has  no  jurisdiction,  or  legal 
authority. 

Extra  Parochial,  out  of  any  parish  ;  privileged  or  exempted 
from  the  duties  of  a  parish. 

EXTRACT,  in  Pharmacy,  is  a  solution  of  the  purer  parts  of 
a  mixed  body  inspissated,  by  distillation  or  evaporation,  nearly 
to  the  consistence  of  hoiif,y. 

ExTUAcr,  exists  in  almost  all  plants,  and  consists  principally 
of  astringent  matter,  and  extract ;  by  the  action  of  water  upon 
it,  the  astringent  matter,  is  first  dissolved,  and  may  be  sepa- 
rated from  the  extract.  Extract  is  always  more  or  less 
coloured  ;  it  is  soluble  in  alcohol  and  water,  but  not  soluble  in 
ether.  It  unites  with  alumina  when  that  earth  is  boiled  in  a 
solution  or  extract  ;  and  it  is  precipitated  by  the  salts  of  alu- 
mina, and  by  many  metallic  solutions,  particularly  the  solution 
of  muriate  of  tin.  From  the  products  of  its  distillation,  it  seems 
to  be  composed  principally  of  hydrogen,  oxygen,  carbon,  and 
a  little  azote. 

EXTRACTION  of  the  Sqlarb  Root.  Extracting  the 
square  root  is  to  find  out  such  a  number  as.  being  multiplied 
into  itself,  the  product  will  be  equal  to  the  given  number. 
Rule  1.  Point  the  given  number,  beginning  at  the  unit's  place, 
then  to  the  hundreds,  and  so  upon  every  second  figure  through- 
out. 2.  Seek  the  greatest  square  number  in  the  first  point 
towards  the  left-hand,  placing  the  scpiare  number  under  the 
first  point,  and  the  root  thereof  in  the  quotient ;  subtract  the 
square  number  from  the  first  point,  and  to  the  remainder  bring 
down  the  next  point,  and  rail  that  the  liesohend.  3.  Double 
the  quotient,  and  place  it  for  a  divisor  on  the  left-hand  of  the 
resolvend  ;  seek  liow  often  the  divisor  is  contained  in  the 
resolvend,  (preserving  always  the  unit's  place.)  and  put  the 
answer  in  the  quotient,  and  also  on  the  right-hand  side  of  the 
divisor;  then  multiply  by  the  figure  last  put  in  the  quotient, 
and  subtract  the  product  from  the  resolvend  ;  bring  down  the 
next  point  to  the  remainder,  (if  there  be  any  more  1  and  pro- 
ceed as  before. 


Roots, 
Squares, 


1.     2. 
1.     4. 


4.     5.     6.     7.     8.     9. 
IG.  25.  3C.  49.  C4.  81. 


Example.     What  is  the  square  root  of  1  19025? 

119025(345  Ans. 
9 

04)590 
256 

685)3425 
3423 

4  G 
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To  Extract  the  Square  Root  of  simple  Algebraic  Quantities. — 
Extract  the  root  of  the  co-efficient  for  the  numerical  part,  and 
divide  the  index  of  the  letter,  or  letters,  by  the  exponent  of 
the  proposed  root,  and  it  will  give  the  answer  required.  Thus 
the  square  root  of  9  a;'  =  3  x^  =.  3x;  and  the  cube  root  of 
Sx'  =  2x. 

To  find  the  Root  of  Compound  Quantitks,  proceed  as  in  com- 
mon arithmetic,  ranging  the  quantities  according  to  the  dimen- 
sions of  one  of  the  letters,  and  proceed  as  under: 

Ex.  1.  Extract  the  square  root  of  x'  —  4a,'  +  Gx^  — 4x  +  1. 
a-4  _   4 .x-3   +   6 a:=  —   4 a;  -f  I  (.i'  —   2x  +    I  =  root 

X* 


2a:'  —  2.r)  —   4  .r'-   +   6.i-' 

—   4x'  +   4.r- 


2.r2  —   ix  +   I)  2x«  —  4x4-1 
2x-  —  4a  +    I 


2.  Extract  the  square  root  of  4  n' -)-  l■2a^r-t-  ISa^x' -l-6a.rHx' 
4a'  +  l2aKv  +  ]3«'x=  +  6ax^  -|-  x'  (2a'  +  3ax  +  x' 
4  a' 

4a'  +  3 ax)  \-2a^x  +  .31«'.r' 
12a3x  -f-    9a'x' 


4  a'  -f-  6  a  X  +  x')  4  a'x'  -|-  6  a  x=  +  x' 
4a'x'4-  6ax^  -j-  ar' 

To  find  the  Roots  of  Powers  in  general. — Find  the  root  of  the 
first  term,  and  place  it  in  the  quotient;  subtract  its  power 
from  that  term  ;  then  bring  down  the  second  term  of  the  divi- 
dend. Involve  the  root,  last  found,  to  the  next  loioest  power, 
and  multiply  it  by  the  index  of  the  given  power  for  a  divisor; 
divide  the  dividend  by  this  divisor,  and  the  quotient  will  be 
the  next  term  of  the  root.  Involve  now  the  whole  root,  and 
subtract  and  divide  as  before  ;  and  so  on  till  the  wliole  is 
finished. 

Ex.  1.  Required  the  square  root  of  a» —  2a=x-|-3a'x' —  2ax'4-.T'. 
a'  —  2  a'  X  -f-  3  a'  x-—  2  a  x'  +  x'  («'  _  a  x  -f  .r' 
a' 


2  a')  —  2  as  x 


a* 


2  a'x 


("'■ 


a  x)' 


2  n')  2  «'  X' 


«'—  2 a'x -I-  3a',x'—  2 ax'  +  x'  =  («'—  ax  -f  x')' 

/Tf.  2.  Extract  the  cube  root  of  x«  -|-  6x'  —  40 x»  +  96x  =  64. 
1-6  +  Cx5  —  40 X'  -I-  96x  —  64  (x'  -h  2x  —  4 
x« 


3x')  6.r" 


.T"-'  -H  6a-'  -I-  12x'  +  S.v'-  =  (x'  -f  2x)' 

S-T*)—  12.1' 
a-c  4-  6  X'  —  40  X'  -I-  06  X  —  64  =  (.t'  -f  2  x  —  4)' 


ExTRACTlot^  of  the  Cube  Root.  To  extract  the  cube  root  is 
to  find  out  a  number,  which  being  multiplied  into  itself,  and 
then  into  that  product,  producetli  the  given  number.  Rule  1. 
Point  every  third  figure  of  the  cube  given,  beginning  at  the 
unit's  place  ;  seek  the  greatest  cube  to  the  first  point,  and  sub- 
tract it  therefrom;  put  the  root  In  the  quotient,  and  bring 
down  the  figures  in  the  next  point  to  the  remainder  for  a 
resohend.  2.  Find  a  divisor,  by  multiplying  the  square  of  the 
quotient  by  3.  See  how  often  it  Is  contained  in  the  resohend, 
rejecting  the  units  and  tens,  and  put  the  answer  in  the  quo- 
tient. 3.  To  find  the  subiriilicnd.  1.  Cube  the  last  figure  in 
tlie  quotient.  2.  Multiply  all  the  figures  in  the  quotient  by  3, 
'-xcept  the  last,  and  that  product  by  the  square  of  the  last.  3. 
Multiply  the  divisor  by  the  last  figure :  Add  these  products  to- 
gether, and  they  will  give  the  subtrahend  ;  which  subtract  from 
the  rcsolvend  ;  to  tiie  remainder  bring  down  the  next  point, 
and  proceed  as  before. 

Roots.       1.       2.       3.       5.       6.       7.       8.       9. 
Cubes.        1.       6.     27.  125.  216.  343.  512.  729. 


Example.     What  is  the  cube  root  of  99262847.' 

99252847 (463 
Divisor,  64  z:  cube  of  4. 


Square  of  4  x  3  =  48)35252  resohend. 


216  =  cube  of  6. 
432    =  4  X  3  X  bv  square  of  6 
288      =:  divisor  X  by  6 


Divi.sor,  33336  subtrahend. 


Square  of  46  x  3  =:  6348)  1916847  resohend. 


27  =  cube  of  3. 
1242    rz  46  x  3  X  by  square  of  3. 
19044      z=L  divisor  x  by  3. 


1916847  subtrahend. 


A  more  Concise  Method  of  Extracting  the  Cube  Root. — Rule  1. 
Point  every  third  figure  of  the  cube  given,  beginning  at  the 
unit's  place,  then  find  the  highest  cube  to  the  first  point,  and 
subtract  it  therefrom,  put  the  root  in  the  quotient,  bring  down 
the  figures  in  the  next  point  to  the  remainder  for  a  resohend. — 
2.  Square  the  quotient,  and  triple  the  square  for  a  divisor. 
As  4  X  4  x  3  iz  48.  Find  how  often  it  is  contained  in  the 
resohend,  rejecting  units  and  tens,  and  put  the  answer  in  the 
quotient. — 3.  Square  the  last  figure  in  the  quotient,  and  put  it 
on  the  right-hand  of  the  divisor.  As  6  x  6  =:  36  put  to  tlic 
divisor  4  8  :z  48  36. — 4.  Triple  the  last  figure  in  the  quotient, 
and  multiply  by  the  former,  put  it  under  the  other,  units  under 
the  tens,  add  them  together,  and  multiply  the  sum  by  the  last 
figure  in  the  quotient,  subtract  that  product  from  the  resohend, 
bring  down  the  next  point,  and  proceed  as  before. 

Example.     What  is  the  cube  root  of  99252847  ; 


The  square  of  4  x  3  =  48  divisor. 
The  square  of  6  put  to  48  =:  4836 


0x3x4 


99252847 (463 
64 

35252 


.5556  X  6     =     3336 


1916847 


The  square  of  46  =  2116  x  3  =  6348  divisor. 
The  square  of  3  =  0  put  to  6348  =  634809 
3  X  3  X   43  r=    414 


638949  X  3     =     1916847 


Hence  the  cube  root  of  99252847  =  463 
for  463  X  463  X  463  =  99252847 

Another,  and  a  very  simple  method  of  extracting  the  cube 
root,  is  as  follows  :  Point  off  the  given  number  in  periods  of 
three  figures,  beginning  at  the  unit's  place.  Find  the  root  of 
the  last  period,  i.  e.  the  period  on  the  left-hand  side  of  the 
number;  subtract  this  root,  as  in  the  following  example,  where 
64  is  taken  from  99;  to  the  remainder  35  bring  down  the  next 
period  252,  and  seek  a  divisor  by  multiplying  the  square  of 
the  quotient  4  (t.  e.  16)  by  .TOO,  and  the  product  4800  will  be 
the  new  divisor,  which  is  contained  in  35252  six  times  ;  set 
this  6  in  the  quotient.  Bring  down  the  two  periods  99  and  2.'>2 
into  one  sum  99262 ;  now  cube  the  quotient  46,  and  place  its 
product  97336  under  the  dividend  ;  subtract  the  cube  from  this 
dividend,  and  to  the  remainder  1916,  bring  down  the  next 
period  in  the  dividend,  viz.  847  ;  square  the  quotient  46,  mul- 
tiply this  square  by  300  for  a  divisor,  find  how  often  it  is  con- 
tained in  1916847,  viz.  three  times;  set  this  Sin  the  quotient. 
Bring  down  the  whole  dividend  99,262,847,  cube  the  quotient 
463,  and  subtract  its  product  as  before,  and  so  on  till  the  divi- 
dend is  exhausted  : — 
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Thus : 


90|252|847(4fi3 
64 


4'  X 


300  =   4b00     35252(6 
28800 


99252 
463  —     97336 


46|'  X    300  =  634800     1916847  (3 
1904400 


-~,  09252847 

463|»  =     99252847 


EXTRACTOR,  in  Midwifery,  an  instrument,  or  forceps,  for 
extricating  children  by  tlie  head. 

EXTRADOS,  the  outside  of  an  arch  of  a  bridge,  vault,  &c. 
See  Bridge. 

EXTRAVASATION,  in  contusions,  and  other  accidents  of 
the  cranium,  is  when  one  or  more  of  the  blood-vessels  distri- 
buted on  the  dura  mater,  are  broken,  whereby  there  is  such  a 
discharge  of  blood  as  oppresses  the  brain,  frequently  bringing 
on  violent  pains,  and  at  length  death  itself,  unless  the  patient 
is  timely  relieved. 

EXTREME  and  Mean  Proportional.     See  Proportioiinl. 

EXTREMES,  Conjunct  and  Disjunct,  in  Spherical  Trigo- 
nometry, are,  the  former,  the  two  circular  parts  that  lie  next 
the  middle  part,  and  the  latter,  the  two  that  lie  remote  from  the 
middle  part.  These  were  the  terms  applied  by  Napier  in  his 
universal  theorem,  commonly  called  Napier's  Circular  Paris. 

EXUVIjE,  among  naturalists,  denotes  the  cast-off  parts  or 
coverings  of  animals,  as  the  skins  of  serpents,  caterpillars,  and 
other  insects. 

EYE,  the  organ  of  sight,  consisting  of  several  parts,  so 
adapted  to  each  other  as  to  answer  the  purpose  of  distinct 
vision  when  placed  in  a  proper  situation  with  regard  to  light 
and  shade.  The  eye,  though  properly  a  subject  of  anatomy,  is 
so  connected  with  the  doctrine  of  vision,  that  its  structure  must 
first  be  understood  before  any  advances  can  be  made  in  that 
theory,  and  as  such  it  becomes  a  matter  of  philosophical 
inquiry  and  must  not  therefore  be  vi'holly  omitted  in  the  ])re- 
sent  work,  although  our  limits  will  only  admit  of  a  brief  illus- 
tration of  its  construction  and  principal  mode  of  operation. 
The  annexed  figure  represents 
a  section  of  the  human  eye, 
made  by  a  plane,  which  is  per- 
pendicular to  the  coats  which 
contain  its  several  humours, 
and  also  to  the  nose.  Its  form 
is  nearly  spherical,  and  would 
be  exactly  so,  were  not  the 
forepart  a  little  more  convex 
than  the  remainder ;  the  parts 
B  F  B,  BAB,  are,  in  reality,  segments  of  a  greater  and  less 
.sphere.  The  humours  of  the  eye  are  contained  in  a  firm  coat 
B  F,  B  A,  called  the  sclerotica;  the  more  convex  or  protube- 
rant part  of  which,  BAB,  is  transparent,  and,  from  its  con- 
sistency and  horny  appearance,  it  is  called  the  cornea.  This 
coat  is  rcpresenlod  by  the  space  contained  between  the  two 
exterior  circles  IJ  F,  B  A.  Contiguous  to  the  sclerotica  is  a 
second  coat,  of  a  softer  substance,  called  the  r/i«ratiV/fs;  this 
coat  is  represented  by  the  ne.xt  white  space,  and  extends  along 
the  back  part  of  the  sclerotica  to  the  cornea.  From  the  junc- 
tion of  the  chorocides  and  cornea,  arises  the  urea,  B  «,  H  «,  a 
Hat  opaque  membrane,  in  the  forepart  of  which,  and  nearly  in 
its  centre,  is  a  circular  aperture  called  the  ]»ipil.  The  pupil  is 
capable  of  being  enlarged  or  contracted  with  great  readiness  ; 
by  which  means,  a  greater  or  less  number  of  rays  may  be 
admitted  into  the  eye,  as  the  circumstances  of  vision  require. 
In  weak  light,  too  few  rays  might  render  objects  indistinct; 
and  in  a  strong  light,  too  many  might  injure  the  organ.  Whilst 
the  pupil  is  thus  enlarged  or  contracted,  its  figure  remains 
unaltered.  This  remarkable  elTcct  is  thought  to  be  produced 
by  means  of  small  fibres  whicli  arise  from  the  outer  circumfe- 
rence of  the  uvea,  and  tends  towards  its  centre ;  this  circum- 


ference is  also  supposed  to  be  muscular,  and  by  its  equal 
action  upon  the  fibres,  on  each  side,  the  form  of  the  pupil  is 
preserved,  whilst  its  diameter  is  enlarged  or  contracted. 

At  the  back  part  of  the  eye,  a  little  nearer  to  the  nose  than 
the  point  which  is  opposite  to  the  pupil,  enters  the  optic  nei-ve 
V,  which  spreads  itself  over  the  whole  of  the  choroeides  like  a 
fine  net,  and  from  this  circumstance  is  called  the  retina.  It  i.s 
immersed  in  a  dark  mucus,  which  adheres  to  the  chorocides. 
These  three  coats,  the  sclerotica,  the  choroeides,  and  the  retina, 
enter  the  socket  of  the  eye  at  the  same  place.  The  sclerotica 
is  a  continuation  of  the  dura  mater,  a  thick  membrane  which 
lies  immediately  under  the  scull.  The  choroeides  is  a  con- 
tinuation of  the  pia  mater,  a  fine  thin  membrane  which  adheres 
closely  to  the  brain.     The  retina  proceeds  from  the  brain. 

Within  the  eye,  a  little  behind  the  pupil,  is  a-soft  transpa- 
rent substance,  E  D  E,  nearly  of  the  form  of  a  double  convex 
lens,  the  anterior  surface  of  which  is  less  curved  than  the  pos- 
terior, and  rounded  off  at  the  edges,  E,  E,  as  the  figure  repre- 
sents. This  humour,  which  is  nearly  of  the  consistency  of  a 
hard  jelly,  decreasing  gradually  in  density  from  the  centre  to 
the  circumference,  is  called  the  cri/slaliine  humour.  It  is  kept 
in  its  place  by  a  muscle  called  the  ligamentum  ciliare,  which 
takes  its  rise  from  the  junction  of  the  choroeides  and  cornea, 
and  is  a  little  convex  towards  the  uvea.  The  cavity  of  the  eye, 
between  the  cornea  and  crystalline  humour,  is  filled  v»ith  trans- 
parent lluid  like  water,  called  the  arjucous  humour.  The  cavity 
between  the  crystalline  humour  and  the  back  part  of  the  eye, 
is  also  filled  with  a  transparent  lluid,  rather  more  viscous  than 
the  former,  called  the  vitreous  humour. 

It  is  not  easy  to  ascertain,  with  great  accuracy,  the  refract- 
ing powers  of  the  several  humours  ;  the  refracting  powers  of 
the  aqueous  and  vitreous  humours  are  nearly  equal  to  that  of 
water  ;  the  refracting  power  of  the  crystalline  humour  is  some- 
what greater.  The  surfaces  of  the  several  humours  of  the  eye 
are  so  situated  as  to  have  one  line  perpendicular  to  them  all. 
This  line,  A  D  F,  is  called  the  axis  of  the  eye,  or  optic  axis. 

The  focal  centre  of  the  eije,  is  that  point  in  the  axis  at  which 
the  image  upon  the  retina  and  the  object  subtend  equal  angles, 
This  point  is  not  far  distant  from  the  posterior  surface  of  the 
crystalline  lens,  though  its  situation  is  probably  subject  to  a 
small  change,  as  the  figure  of  the  eye,  or  the  distance  of  the 
object,  is  changed. 

From  the  consideration  of  the  structure  of  the  eye,  we  msy 
easily  now  understand  how  the  notices  of  external  objects  are 
conveyed  to  the  brain.     Let  PQ  R,  in  the  annexed  figure,  be 

an  object,  towards  which  the 
axis  of  the  eye  is  directed  ; 
then  the  rays  which  diverge  from 
any  point  Q,  and  fall  upon  the 
convex  surface  of  the  aqueous 
humour,  have  a  degree  of  cou- 
vergcncy  given  thcni ;  they  arc 
then  refracted  by  a  double  convex  lens,  denser  than  the  am- 
bient mediums,  which  increases  the  convergcncy  ;  and  if  the 
extreme  rays  Q  H,  Q  I,  have  a  proper  degree  of  divergency 
before  incidence,  the  pencil  will  be  again  collected  upon  the 
retina,  at  q,  and  there  form  an  image  of  Q.  In  the  same  man- 
ner, the  rays  which  diverge  from  any  other  points,  P,  R,  in  the 
object,  will  be  collected  at  the  corresponding  points,  p.  r,  of  the 
retina,  and  a  complete  image,  p,q.  r,  of  the  object  P  Q  R,  will 
be  formed  there.  The  impression  thus  made,  is  conveyed  to 
the  brain  by  the  optic  nerve,  which  originates  there,  and  is 
evidently  calculated  to  answer  this  purpose. 

Here  it  will  be  obser\'ed,  that  since  the  axis  of  the  several 
pencils  cross  each  other  at  O,  the  focal  centre  of  the  eye,  the 
image  upon  the  retina  is  inverted  with  respect  to  the  object, 
and  yet  it  furnishes  the  mind  witli  the  idea  of  its  being  erect. 
This  is  a  dilliculty  that  has  produced  considerable  discussion 
amongst  philosophers,  and  the  most  satisfactory  explanation 
which  can  probably  be  given  is,  that  experience  alone  teaches  us 
what  situation  of  an  external  object  corresponds  to  a  particular 
impression  upon  the  retina.  Some  opticians,  however,  are 
unwilling  to  concede  this  point,  and  contend  that  the  object  is 
refiected  from  the  retina  to  another  substance  on  which  tliejr 
are  painted,  and  thus  give  to  the  eye  exactly  the  constructioa 
of  a  Gregorian  telescope. 
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The  following  measure  of  tlie  erystalline  and  cornea,  were 
taken  by  Dr.  Gordon  and  Dr.  Brewster,  from  tlie  eye  of  a 
female  above  50  years  of  age,  a  few  liours  after  death. 

Diameter  of  the  crystalline, 0-378 

Diameter  of  the  cornea, 0'40(> 

Thickness  of  the  crystalline, 0'172 

Thickness  of  the  cornea, 0'042 

Measures  of  the  refractive  powers  of  the  humours  of  the 
same  eye : — 

Iiitlei  of  Uefraclion. 

Refractive  power  of  water, 1"3358 

Ditto,  of  aqueous  humour, 1'336G 

Ditto,  of  vitreous  humour, 1-3394 

Ditto,  of  outer  coat  of  crystalline, 1-3767 

Ditto,  of  middle  coat  of  ditto, 1-3780 

Ditto,  of  central  part  of  ditto, 1  3990 

Ditto,  of  the  whole  crystalline, 1-3839 

The  range  of  the  eye,  or  the  field  of  vision,  may  be  taken  at 
110  degrees. 

Eve,  in  Architecture,  is  used  to  signify  any  round  window 
ciade  in  a  pediment,  an  attic,  the  reins  of  a  vault,  or  the  like. 

Eye  of  a  Dome,  an  aperture  at  the  top  of  a  dome,  as  that  of 
the  Pantheon  at  Rome,  or  of  St.  Paul's  at  London:  it  is  usually 
covered  with  a  lantern. 


Eye,  in  Agriculture  and  Gardening,  signifies  a  little  bud,  o 
shoot,  inserted  into  a  tree  by  way  of  graft. 

Eye  of  a  Tree,  a  small  pointed  knot  to  which  the  leaves  stick, 
and  from  which  the  shoots  or  sprigs  proceed. 

Eye  of  a  Bloik  Strop,  is  that  part  by  which  it  is  fastened  or 
suspended  to  any  particular  place  upon  the  sails,  masts,  or 
rigging  ;  the  eye  is  sometimes  formed  by  making  two  eye- 
splices  on  the  ends  of  the  strop,  and  then  fastening  them  toge- 
ther with  a  small  line,  so  as  to  bind  round  a  mast,  yard,  or 
boom,  as  is  deemed  necessary. 

Eye  of  a  Stay,  that  part  of  a  stay  which  is  formed  into  a  sort 
of  collar  to  go  round  tlie  mast-head. 

Flemish  Eye,  is  a  phrase  particularly  applied  to  the  eye  of  a 
stay,  wiiich  is  either  formed  at  the  making  of  the  rope,  or  by 
dividing  the  yarns  into  two  equal  parts,  knotting;  each  pair 
separately,  and  pointing  the  whole  over. 

EvE-ZJo/*,  a  long  bar  of  iron,  with  an  eye  in  one  end  of  it, 
formed  to  be  driven  into  the  decks,  sides,  &C.  for  the  purpose 
of  fastening  ropes,  or  hooking  tackles  to. 

Eyes  of  a  Ship,  a  name  frequently  given  to  those  parts  which 
lie  near  the  hawse  holes,  particularly  in  the  lower  apartments 
within  the  vessel. 

EYELET  Holes,  round  holes  worked  in  a  sail,  to  admit  a 
small  rope  through,  chielly  the  robins  (or  rope-banda),  and  the 
points  or  reef-line. 
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-T  )  the  si.tth  letter  of  the  Alphabet.  As  a  numeral  it  denotes 
40,  and  with  a  dash  over  it  thus  F  40,000.  In  Music  it  stands 
for  the  bass-clef,  and  frequently  for  forte,  as  J^  does  for  forte 
forte.     F,  in  Medicine,  stands  for  fiat,  let  it  be  done. 

FA,  in  Music,  one  of  the  syllables  invented  by  Guido  Are- 
tine,  to  mark  the  fourth  note  of  the  modern  scale  which  rises 
thus,  ut,  re,  mi,  fa.  Musicians  distinguish  two  fa's,  viz.  the 
flat,  marked  thus  t^  ;  the  sharp,  marked  thus  ^  ;  and  the 
natural,  marked  thus  ^  ;  and  called  biquadro.  Fa  finto,  a 
feigned  F,  or  a  feint  upon  that  note. 

FABLE,  a  tale  or  feigned  narration,  designed  either  to 
instruct  or  amuse,  disguised  under  the  allegory  of  an  action. 

Fable  is  also  used  for  the  plot  of  an  epic  or  dramatic  poem  ; 
and  is,  according  to  Aristotle,  the  principal  part,  and  the  soul 
of  a  poem. 

FACE  OF  A  Stone,  in  Masonry,  that  superficies  of  it  which 
lies  in  the  front  of  the  work.  The  workmen  generally  chuse  to 
make  one  of  those  sides  the  face,  which,  when  in  the  quarry, 
lay  perpendicularly  to  the  horizon,  and  eonsequentlyjthe  break- 
ing, not  the  cleaving  way  of  the  stone. 

FACET,  or  Facette,  among  jewellers,  the  name  of  the  little 
faces  or  planes  in  brilliant  and  rose  diamonds. 

/FACTITIOUS,  any  thins  made  by  art,  in  opposition  to  what 
is  the  produce  of  nature.  Thus,  factitious  cinnabar  is  opposed 
to  native  cinnabar. 

FACTOR,  in  Arithmetic,  a  name  given  to  the  multiplier  and 
multiplicand,  because  they  constitute  the  product. 

Factor,  in  Commerce,  an  agent  employed  by  a  merchant  or 
merchants,  to  sell  goods,  or  buy  goods,  at  some  remote  or 
foreign  place,  and  to  negotiate  bills,  &c.  upon  a  certain  fixed 
allowance  or  commission.  The  supercargo  and  factor  differ  in 
this  ;  the  supercargo  takes  care  of  goods  which  he  accompanies 
to  some  destined  place,  and  then  returns  to  his  employers  : 
The  factor  resides  abroad,  and  executes  business  for  dillercnt 
merchants.  But  their  duties,  and  the  circumstances  for  which 
they  are  accountable,  are  the  same.  They  procure  the  best 
intelligence  of  the  markets;  execute  their  business  with  all 
the  despatch  possible;  are  punctual  in  their  correspondence  ; 
act  under  absolute  or  limited  power;  but  it  is  incumbent  on 
the  employer,  if  he  challenge  his  factor's  proceedings,  to  prove 
that  he  could  himself  have  done  better.  And  a  factor  is  never 
warranted  to  deal  or  trust  with  any  persons,  unless  allowed 


by  his  employers,  and  with  persons  of  good  credit.  In  case  of 
bankruptcies,  a  factor  can  lay  attachments,  and  advise  his 
employers  thereof.  Goods  seized  through  liis  negligence,  he 
must  pay  for.  If  a  factor  become  insolvent,  his  employers,  not 
his  creditors,  recover  the  prices  of  all  goods  sold  by  him  for  the 
said  employers.  There  are  various  other  duties  too  tedious 
to  mention,  which  belong  to  the  office  of  factor,  and  vrhich  can 
only  be  known  from  practice. 

FACTORAGE,  called  also  Coimmssioji,  is  the  allowance  given 
by  merchants  to  the  factors  whom  they  employ.  In  Britain  it 
is  about  2J  per  cent;  in  Italy  2^  ;  in  Spain,  France,  Holland, 
Dantzic,  Portugal,  2  per  cent. ;  in  Turkey,  3  per  cent. ;  in 
North  America  6  per  cent,  on  sales,  and  .5  per  cent,  on  returns. 
In  the  West  Indies  8  per  cent  on  sales  and  storage,  &c. 

FACTUM,  is  the  product  arising  from  the  multiplication  of 
several  factors  ;  thus  35  is  the  factum  of  5  times  7. 

FACULTY,  a  privilege  granted  to  a  person  doing  what,  by 
law,  he  ought  not  to  do.  Fur  granting  these  privileges,  there 
is  a  court  under  the  archbishop  of  Canterbury,  called  the  court 
of  the  faculties. 

Faculty,  in  the  Schools,  a  term  applied  to  the  different  mem- 
bers of  an  university,  according  to  the  arts  and  sciences  taught 
there  ;  as  1.  Arts.     2.  Theology.  3.  Physic.    And  4.  Civil  Law. 

Faculty  of  Advoeates,  a  term  applied  to  the  college  or 
society  of  advocates  in  Scotlana,  who  plead  in  all  actions 
before  the  Court  of  Session.  They  meet  in  the  beginning  of 
every  year,  and  choose  the  annual  officers  of  the  society,  viz. 
dean,  treasurer,  clerks,  private  and  public  cxamiuators,  and  a 
curator  of  the  library. 

Faculty  is  also  used  to  denote  the  powers  of  the  human 
mind,  viz.  understanding,  will,  memory,  and  imagination. 

FyECES,  in  Chemistry,  the  gross  matter,  or  sediment,  that 
settles  at  the  bottom  after  distillation,  fermentation,  &c. 

FAGARA,  Ironwood,  a  genus  of  the  monogynia  order,  in  the 
tetandria  class  of  plants,  and  in  the  natural  method  ranking 
under  the  43d  order,  dumose.  There  are  10  species,  all  natives 
of  America,  rising  with  woody  stems  more  than  20  feet  high. 

FAGNANO,  Jules  Charles,  a  distinguished  Italian  mathe- 
matician, born  about  the  year  1690,  early  in  the  eighteenth 
century  published  several  memoirs,  in  the  Italian  journals,  on 
the  transcendental  analysis  ;  there  are  also  many  pieces  of  the 
same  author  in  the  Leipsic  Acts,  which  were  afterwards  pub- 
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lislied  by  himself,  with  some  oUior  papers,  under  the  title  of 
"  Mathematical  Productions  ;"  Pcsaro,  4to.  1750. 

FAGUS,  the  Beech  Tree,  a  genus  of  the  polyaiidria  order  in 
the  monoecia  class  of  plants  ;  and  in  the  natural  method  rank- 
ing under  the  50th  order,  amcntacese.  There  arc  five  species. 
The  most  remarkable  are;  1.  The  sylvatica,  or  beech  tree, 
which  rises  60  or  70  feet  high,  and  has  a  proportionable  thick- 
ness. 2.  The  castanea,  or  chestnut  tree,  has  a  large  upright 
trunk  growing  40  or  50  feet  high.  3.  The  pumila,  dwarf  chest- 
nut tree,  or  chinkapin,  rises  eight  or  ten  feet  high. 

FAIR,  a  greater  kind  of  Market  granted  to  a  town,  by 
privilege,  for  the  more  speedy  and  commodious  buying  and 
selling,  or  providing  such  things  as  the  place  stands  in  need  of. 
It  is  incident  to  a  fair,  that  persons  should  be  free  from  being 
arrested  in  it  for  any  debt,  except  that  which  has  been  con- 
tracted in  the  same  ;  or,  at  least,  promised  to  be  paid  there. 
These  fairs  are  usually  held  twice  a  year,  in  some  places  only 
once  a  year ;  and  by  statute,  they  shall  not  be  held  longer  than 
they  ought  by  the  lords  thereof,  on  pain  of  their  being  seized 
into  the  king's  hands.  Sec.  Also  proclamation  is  to  be  made, 
how  long  they  are  to  continue ;  and  no  person  shall  sell  any 
goods  after  the  fair  is  ended,  on  forfeiture  of  double  the  value, 
one-fourth  to  the  prosecutor,  and  the  rest  to  the  king.  Tlicre 
is  a  toll  usually  paid  at  fairs,  for  the  privilege  of  erecting  stalls 
from  which  to  sell  goods,  as  well  as  booths,  either  for  enter- 
taiment  or  pastime. 

Fair,  a  general  term  for  the  disposition  of  the  wind  when  it 
is  favourable  to  a  ship's  course,  in  opposition  to  what  is  con- 
trary or  foul.  This  term,  when  applied  to  the  wind,  is  much 
more  comprehensive  than  Large,  since  the  former  seems  to 
include  about  eighteen  points  of  the  compass,  or  at  least  six- 
teen, whereas  Larye  is  confined  to  the  beam  or  quarter,  that  is, 
to  a  wind  which  crosses  the  keel  at  right  angles,  or  obliquely 
from  the  stern,  but  never  to  one  right  astern.  See  the  articles 
Lakge  and  Scant. 

Faih  Curve,  in  delineating  ships,  is  a  winding  lire,  whose 
.shape  is  varied  according  to  the  part  of  the  ship  it  is  intended 
to  describe.  This  curve  is  not  answerable  to  any  of  the  figures 
of  conic  sections,  although  it  occasionally  partakes  of  them  all. 

Fair  Way,  the  channel  of  a  narrow  bay,  river,  or  harbour,  in 
which  ships  usually  pass  in  their  way  up  and  down  ;  so  that  if 
any  vessels  arc  anchored  therein,  they  arc  said  to  lie  in  the 
fair  way. 

FAIRY  Circle,  or  Ring,  a  phenomenon  frequent  in  the 
fields,  &e.  supposed  by  the  vulgar  to  be  traced  by  the  fairies  in 
their  dances  :  there  are  two  kinds,  one  of  about  seven  yards  in 
diameter,  containing  a  round  bare  path  a  foot  broad,  with  green 
grass  in  the  middle  of  it.  The  other  is  of  different  bigness,  encom- 
passed with  a  circumference  of  grass,  greener  and  fresher  than 
that  in  the  middle.  Some  attribute  them  to  lightning;  and  others 
to  a  kind  of  fungus  which  breaks  and  pulverizes  the  soil. 

FAKE,  one  of  the  circles  or  windings  of  a  cable  or  hawser, 
as  it  lies  disposed  in  a  coil.  The  fakes  are  greater  or  smaller, 
in  proportion  to  the  extent  or  space  which  a  cable  is  allowed 
to  occupy  where  it  lies. 

FALCA1>E,  in  the  Manege,  the  motion  of  a  horse  when  he 
throws  himself  upon  his  haunches  several  limes  in  very  (]uiek 
curvets,  which  is  done  in  forming  a  stop  and  half  slop. 

FALCATED,  horned,  as  the  moon  in  the  1st  and  3d  quarter. 

FALCO,  a  genus  of  birds  belonging  to  the  order  of  acci- 
pitrcs.  The  eagle,  kite,  and  hawk,  form  this  genus  ;  of  which 
there  are  .32  species.  1.  The  leucocephalus,  bald,  or  white- 
headed  eagle,  is  ash-coloured,  with  head  and  tail  while.  2. 
The  ossifragus,  sea-eagle,  or  osprey,  with  yellow  wax,  and 
half-feathered  legs,  is  about  the  size  of  a  peacock  ;  the  feathers 
are  white  at  the  base,  iron-coloured  in  the  middle,  and  black 
at  the  points  ;  and  the  legs  are  yellow.  3.  The  charysai-tos, 
or  golden  eagle,  weighs  about  twelve  pounds,  and  is  in  length 
about  three  feet,  the  wings  when  extended  measuring  about 
seven  feet  four  inches.  The  sight  and  sense  of  smelling  are 
very  acute:  the  head  and  neck  arc  clothed  with  sharp-pointed 
feathers,  of  a  deep  brown  colour,  bordered  with  tawny  ;  the 
hind  part  of  the  head  in  particular  is  of  a  bright  rusty  colour. 
4.  Tlic  cyaneus,  or  hen-harrier,  with  white  wax,  yellow  legs,  a 
whitish-blue  body,  and  a  white  ring  round  the  eyes  and  throat. 
6.  The  alhicilla,  or  cinereous  eagle,  is  inferior  in  size  to  the 
32. 


golden  eagle  ;  the  head  and  neck  are  of  a  pale  ash-colour,  the 
body  and  wings  cinereous,  coloured  with  brown ;  the  quill 
feathers  very  dark  ;  the  tail  white ;  the  Ic-s  feathered  but  little 
below  the  knees,  and  of  a  very  bright  yellow.  C.  The  maeula- 
tus,  or  crying  eagle,  is  in  colour  of  a  ferruginous  brown  ;  the 
coverts  of  the  wings  and  scapulars  are  varied  with  white  spots  ; 
the  primaries  dusky,  the  ends  of  the  greater  white;  the  breast 
and  belly  of  a  deeper  colour  than  the  rest  of  the  plumage, 
streaked  with  dull  yellow  ;  the  tail  is  dark  brown,  tipt  witli 
dirty  white;  the  legs  are  feathered  to  the  feet,  which  are  yellow. 
The  length  of  the  bird  is  two  feet.  7.  The  milvus,  or  kite,  is  a 
native  of  Europe,  Asia,  and  Africa.  This  species  generally 
breeds  in  large  forests  or  woody  mountainous  countries.  lis 
nest  is  composed  of  sticks,  lined  with  rags,  l)ils  of  flannel,  rope, 
and  paper.  Its  motion  in  the  air  distinguishes  it  from  all  other 
birds,  being  scarcely  perceptible.  Sometimes  it  will  remain 
quite  motionless  for  a  considerable  space  ;  at  others,  glide 
through  the  sky  without  the  least  apparent  action  of  its  wings. 
They  inhabit  the  north  of  Europe,  as  high  as  Jalsbcrg,  in  the 
south  of  Norway.  8.  The  gentilis,  or  gcntil  falcon,  inhabits 
the  north  of  Scotland,  and  was  in  high  esteem  in  the  days  of 
falconry.  9.  The  sulibuteo,  or  hobby,  was  used  in  falconry  ; 
particularly  in  w  hat  was  called  daring  of  larks.  10.  The  buteoi 
or  buzzard,  the  most  common  of  the  hawk  kind  in  England, 
breeds  in  woods,  and  usually  builds  on  an  old  orow's  nest, 
which  it  enlarges,  and  lines  with  wool  and  other  soft  materials. 
II,  The  tinnunculus,  or  kestrel,  breeds  in  the  hollows  of  trees, 
in  the  holes  of  high  rocks,  towers,  and  ruined  buildings.  12. 
Heliaitus,  the  fishing-hawk  of  Catcsby,  called  the  osprey,  mea- 
sures, from  one  end  of  the  wing  to  the  other,  five  feet  and  a  half, 
is  a  species  of  vast  quickness  of  sight ;  and  w  ill  see  a  fish  near 
the  surface  from  a  great  distance,  descend  with  rapidity,  and 
carry  the  prey  with  an  exulting  scream  high  into  the  air.  The 
bald  eagle  hears  the  nolc,  and  instantly  attacks  the  hawk,  who 
drops  the  fish,  which  the  former  catches  before  it  can  reach  the 
ground  or  water.  Resides  these,  there  arc  some  other  species 
distinguished  by  ornithologists,  but  which  it  is  unnecessary  to 
particularize  here. 

FALCONRY,  the  exercise  of  taking  wild  fowl  by  means  of 
hawks.  The  falcons  or  hawks  that  were  in  use  in  these  king- 
doms are  now  found  to  breed  in  Wales,  and  in  North  Rritain 
and  its  isles.  The  peregrine  falcon  inhabits  the  rocks  of  Caer- 
narvonshire. The  same  species,  with  the  gyr-falcon,  the  gcntil, 
and  the  gos-hawk,  are  found  iu  Scotland,  and  the  lanner  in 
Ireland,  This  diversion,  though  very  ancient,  and  in  such  high 
request,  that  many  of  the  gentry  and  nobility  hold  their  estates 
of  the  crown  on  condition  of  supplying  the  king  with  liawks,  is 
now  disused. 

F.\LLING  Star,  in  Meteorology,  a  phenomenon  that  is  fre- 
quently seen,  and  which  has  been  usually  supposed  to  depend 
on  the  electric  fluid.  Sir  Humphrey  Davy,  in  a  lecture  deli- 
vered at  the  Royal  Institution,  gave  many  reasons  against  this 
opinion:  he  conceives  that  they  are  rather  to  be  attributed  to 
falling  stones.  It  is  observable,  that  when  their  appearance  is 
frequent,  they  have  all  the  same  direction ;  and  it  has  been 
remarked,  that  they  are  the  forerunners  of  a  westerly  wind  in 
our  country. 

FALLOPIAN  Tubes,  in  Anatomy,  are  two  ducts  arising  in 
the  womb,  one  on  each  side  of  the  fundus,  and  thence  extended 
to  the  ovaries:  these  have  their  name  from  their  resemblance 
to  a  trumpet,  and  that  of  Gabriel  Fallopius,  a  physician  of 
Italy,  in  the  16th  century,  who  is  reported  to  have  first  ascer- 
tained the  use  and  office  of  these  tubes. 

FALLOW  Land,  is  ground  that  has  been  left  untilled  for  a 
tinie,  in  order  that  it  may  recover  Itself  from  an  exhausted 
state  ;  but  to  render  a  barren  soil  fertile,  it  ought  to  be  fre- 
quently turned  up  to  the  air,  and  to  have  mixed  with  it 
manures  of  animal  dungs,  decayed  vegetables,  lime,  marl, 
sweepings  of  streets,  &c.  In  turning  over  the  soil,  the 
chief  iniplcments  of  the  gardener  are  the  spa<le,  the  hoc,  and 
the  inatlock  ;  and  those  of  the  farmer,  are  the  ploui;li,  the  har- 
row, the  roller,  the  scythe,  and  the  sickle.  And  as  a  succes- 
sion of  the  same  crops  tends  to  impoverish  the  soil,  a  rotation 
of  din"erent  crops  is  necessary.  Potatoes,  grain,  and  white 
crops,  are  exhausting;  but  after  them,  the  soil  is  ameliorated 
by  tares,  turnips,  and  grecu  or  plant  crops.  On  stiff  soils, 
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clover,  beans,  wheat,  cabbajres,  and  oats,  may  be  cultivated  in  | 
succession;  and  on  lifrlit  soils,  potatoes,  turnips,  pease,  oats, 
and  barley,  may  succeed  each  other.  The  general  rule  is,  one 
crop  for  man,  and  one  for  beast.  This  plan  of  varying  the 
crops  is  a  new  discovery.  Formerly,  land  lay  long  in  fallow; 
that  is  to  say,  was  not  worked  every  third  or  fourth  year;  but 
now  it  is  usual,  by  varying  the  crops,  to  get  two,  three,  or  four, 
crops  in  a  year  from  the  same  soil,  without  its  being  exhausted; 
and  fallowing  is,  consequently,  found  to  be  unnecessary. 

FALSETTO,  that  species  of  voice  in  a  man,  the  compass  of 
which  lies  above  his  natural  one,  and  is  produced  by  constraint. 

FALSE  Imprisonment,  in  Law.  To  constitute  the  injury  of 
false  imprisonment,  two  points  are  necessary  :  the  detention  of 
the  person,  and  the  unlawfulness  of  such  detention.  Every 
conlincment  of  the  person  is  imprisonment,  whether  in  a  com- 
mon prison,  or  a  private  house,  or  even  by  forcibly  detaining 
one  in  the  streets  or  highways. 

FARINA  FcECi'NDANS,  in  Botanical  language,  the  dust  on 
the  apices  or  antherae  of  flowers,  which  being  received  into  the 
pistil,  or  seed-vessel  of  plants,  fecundates  the  rudiments  of  the 
seeds  in  the  ovary,  which  would  otherwise  come  to  nothing. 

FARM,  a  Messuage,  or  district  containing  house  or  land, 
with  other  conveniences,  hired  or  taken  by  lease,  either  in 
writing  or  parole,  under  a  certain  yearly  rent.  Farms  vary  in 
size,  from  fifty  to  one  thousand  acres.  Arable  farms  are  gene- 
rally smaller  than  those  employed  in  pasture,  or  grazing. 
These,  from  two  to  four  hundred  acres,  are  the  most  beneficial 
to  the  occupiers  and  the  public.  Farmers  are  called  arable 
farmers,  when  they  are  chiefly  employed  in  raising  corn  ;  and 
pasture  or  grass  farmers,  when  they  are  engaged  in  rearing  and 
fatteninj-  sheep,  and  other  live  stock.  Farms  are  either  laid 
out  according  to  the  taste  of  the  owners  or  occupiers,  in  all  *he 
simplicity  of  pastoral  pootry ;  or  in  such  an  assortment  of  tillage, 
arable  land,  woods,  coppices,  &c.  as  convey  a  distinct  notion 
of  the  pure  Arcadian  demesne  ;  or  as  a  simple  farm  laid  out 
with  a  sufficient  adaptation  of  wood  and  water,  of  arable  and 
pasture  land,  outhouses,  cottages,  and  other  improvements 
sug"gested  by  extensive  or  contracted  enclosures,  as  may 
exhibit  the  good  Englis'i  farm.  But  to  form  an  idea  of  an 
ornamented  farm,  Wooburn  farm,  near  Weybridge,  in  Surrey, 
which  brings  every  rural  citciimstance  and  appendage  within 
the  verge  of  a  garden,  ought  to  be  seen. 

FARRIERY,  the  art  of  shoeing  horses  and  curing  their 
diseases;  though  the  word  vcterinarius,  horse  doctor,  would  be 
more  applicable  to  the  vcterinnrij  art.     See  House. 

FARTHING,  the  fourth  part  of  a  penny;  originally  the 
fourth  tinny,  or  the  fourth  in  the  integer  one  penny. 

FARQUHAR.Georg  e,  an  ingenious  poet  and  dramatic  writer, 
tlie  son  of  an  Irish  clergyman,  was  born  at  Londonderry  in  167a. 

FASCLE,  in  Astronomy,  certain  parts  on  Jupiter's  body 
resembling  belts  or  swaths.  They  are  more  lucid  than  the  rest 
of  that  planet,  and  are  terminated  by  parallel  lines,  sometimes 
broader,  and  sometimes  narrower. 

FASCINES  in  Fortification,  faggots  of  small  wood  of  about 
a  foot  diameter,  and  six  feet  long,  bound  in  the  middle,  and  at 
both  ends. 

FASCIOLA,  in  Ziiology,  the  Fluhe  or  Gowd  Worm ;  a  genus 
of  insects  of  the  order  of  vermes  intestina,  of  which  there  are 
.several  species,  as  the  hepatica.  or  liver  fluke,  which  bears 
some  resemblance  to  the  seed  of  the  common  gourd,  and  is 
found  in  fresh  waters,  ditches,  at  the  roots  of  stones,  sometimes 
in  the  intestines,  and  often  in  the  substance  of  the  other  viscera 
in  quadrupeds. 

FASHION  PiECRS,  the  aftmost  or  hindmost  timbers  of  a 
ship,  which  terminate  the  breadth,  and  form  the  shape  of  the 
stern;  they  are  united  to  the  stern  post,  and  to  the  exlremily 
of  the  wing  transom  by  a  rabbet,  and  a  number  of  strong  nails 
or  spikes  driven  from  without. 

FASTI,  in  Roman  Antiquity,  the  calendar  wherein  were 
expressed  the  several  days  of  the  year,  with  their  feasts,  games, 
and  other  ceremonies. 

FAT,  animal  oil,  in  its  concrete  substance,  deposited  in 
dillerent  parts  of  animal  bodies.  Many  causes  contribute  to 
dissolve  the  fat  in  animals,  as  inlemperature  of  the  body, 
labour  of  mind,  violent  exercise,  scanty  diet,  &c.  ;  and  rest, 
rase,  sleep,  plentiful  food,  generate  fat.     Larks  and  ortolans 


win  fatten  in  24  hours.  To  obtain  fat  pure,  it  must  be  cut  in 
pieces,  and  cleaned  from  the  interposed  membranes  and  ves- 
sels ;  then  cleaned  from  its  gelatinous  matter  by  water  ;  after- 
wards  melted  with  a  little  water,  and  kept  in  a  fluid  state  till 
the  water  has  entirely  evaporated,  which  is  known  by  the  dis- 
continuance of  the  boiling,  for  the  water  alone  causes  it  to 
appear  boiling ;  it  is  then  put  into  cleikQ  vessels  for  use  in 
pharmacy,  the  arts.  Sec. 

Fat,  likewise  denotes  an  uncertain  measure  of  capacity. 
Thus  a  fat  of  isinglass  contains  from  3J  cwt.  to  4  cw  t. ;  a  fat 
of  unbound  books,  four  bales ;  of  wire,  from  20  to  25  cwt.  ; 
and  of  yarn,  from  220  to  321  bundles. 

FATA  MORGANA,  a  singular  aerial  phenomenon,  seen  in 
the  straits  of  Messina.  When  the  rising  sun  shines  from  that 
point  whence  its.  incident  ray  forms  an  angle  of  about  forty-fire 
degrees  on  the  sea  of  Reggio,  and  the  bright  surface  of  the 
water  in  the  bay  is  not  disturbed  either  by  the  wind  or  current, 
when  the  tide  is  at  its  height,  and  the  waters  pressed  up  by- 
currents  to  a  great  elevation  in  the  middle  of  the  channel ;  the 
spectator  being  placed  on  an  eminence  with  his  back  to  the 
sun,  and  his  face  to  the  sea,  the  mountains  of  Messina  rising 
like  a  wall  behind  it,  and  forming  the  back  ground  of  the  pic- 
ture ;  on  a  sudden  there  appears  in  the  water,  as  in  a  catop- 
tric theatre,  various  multiplied  objects;  that  is  to  say,  num- 
berless series  of  pilastres,  arches,  castles,  well  delineated 
regular  columns,  lofty  towers,  superb  palaces,  with  balconies 
and  windows,  extended  alleys  of  trees,  delightful  plains,  with 
herds  and  flocks,  armies  of  men  on  foet,  on  horseback,  and 
many  other  strange  images,  ia  their  natural  colours,  and  pro- 
per actions,  passing  rapidly  in  succession  along  the  surface  of 
the  sea,  during  the  whole  of  the  short  period  of  time  while  the 
above-mentioned  causes  remain.  All  these  objects,  which  are 
exhibited  in  the  Fata  Morgana,  are  proved  by  the  accurate 
observations  of  the  coast  and  town  of  Reggio,  by  P.  Minasi,  to 
he  derived  from  objects  on  shore.  If,  in  addition  to  tlie  cir- 
cumstances we  before  described,  the  atmosphere  be  highly  im- 
pregnated with  vapour,  and  dense  exhalations,  not  previously 
dispersed  by  the  action  of  the  wind  and  waves,  or  rarefied  by 
the  sun,  it  then  happens,  that  in  this  vapour,  as  in  a  curtain 
extended  along  the  cliannel  to  the  height  of  above  forty  palms, 
and  nearly  down  to  the  sea,  the  observer  will  behold  the  scene 
of  the  same  objects  not  only  reflected  from  the  surface  of  the 
sea,  but  likewise  in  the  air,  though  not  so  distinctly  or  well 
defined  as  the  former  objects  from  the  sea.  Lastly,  if  the  air 
be  slightly  hazy  and  opaque,  and  at  the  same  time  dewy  and 
adapted  to  form  the  iris,  then  the  above-mentioned  objects 
will  appear  onJy  at  the  surface  of  the  sea,  as  in  the  first  case, 
but  ail  vividly  coloured  or  fringed  with  red,  green,  blue,  and 
other  prismatic  colours.  As  tlie  day  advances,  the  fairy  scene 
gradually  disappears.  But  the  most  singular  instance  of 
atmospherical  refraction  we  ever  heard  of,  was  that  described 
in  the  Philosophical  Transactions,  as  having  taken  place  at 
Hastings.  The  coast  of  Pieardy,  which  is  between  forty  and 
fifty  miles  distant  from  that  of  Sussex,  appeared  suddenly 
close  to  the  English  shore.  The  sailors  and  fishermen  crowded 
down  to  the  beach,  scarcely  believing  their  own  eyes  ;  but  at 
length  they  began  to  recognize  several  of  the  French  cliffs,  and 
pointed  out  places  they  had  been  accustomed  to  visit.  From 
the  summit  of  the  eastern  cliff  or  hill,  a  most  beautiful  scene 
presented  itself,  for  at  one  glance  the  spectators  could  sec 
Dungeness,  Dover  dill's,  and  the  French  coast,  all  aJong  from 
Calais  to  St.  Valleroy  ;  and,  as  some  afiirmed,  as  far  to  the 
wcstH  ard  even  as  Dieppe.  By  the  telescope,  the  French  fish- 
ing boats  were  plainly  seen  at  anchor;  and  the  diflerent 
colours  of  the  land  on  the  heights,  with  the  buildings,  were 
perfectly  discernible.  This  refractive  power  of  the  atmosphere 
was  probably  produced  by  a  diminution  of  the  density  of  its 
lower  stratum,  in  consequence  of  the  increase  of  heat  commu- 
nicated to  it  by  the  ra\  s  of  the  sun,  powerfully  reflected  from 
the  surface  of  the  earth.  The  delusion  in  the  desert,  between 
Alexandria  and  Cairo,  mentioned  by  M.  Monge,  which  repre- 
sented villages  surrounded  by  water,  when  they  were,  in  fact, 
in  tlie  midst  of  burning  sands,  is  attributed  to  the  same  cause. 

FATHOM,  a  measure  of  six  feet,  used  to  regulate  the  length 
of  the  cables,  rigging,  &c.  and  to  divide  the  lead  (or  sounding) 
lines,  &c. 
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FEALTY,  in  Law,  an  oalli  taken  on  tlic  admittance  of  a 
tenant  to  Ije  true  to  the  lord  of  whom  he  holds  his  land  ;  but 
it  chiefly  appertains  to  copyhold  estates  held  in  fee  and  for 
life  ;  and  the  fealty  of  a  subject  to  his  prince. 

FEATHER,  in  Physiology,  a  general  name  for  the  covering 
of  birds.  Feathers  make  a  considerable  article  of  commerce, 
particularly  those  of  the  ostrich,  heron,  swan,  peacock,  goose, 
&c.,  for  plumes,  oniaments,  beds,  pens,  &c.  Geese  are  plucked 
in  some  parts  of  Great  Britain  five  times  in  the  year,  and  in 
cold  seasons  many  of  them  die  by  this  barbarous  custom. 
Those  feathers  that  are  brought  from  Somersetshire,  are 
esteemed  the  best,  and  those  from  Ireland  the  worst.  The 
best  method  of  curing  feathers  is  to  lay  thcni  in  a  room, 
exposed  to  the  sun ;  and  when  dried,  to  put  them  in  bags, 
and  beat  them  well  with  poles  to  get  off  the  dirt.  Feathers, 
when  chemically  analyzed,  seem  to  possess  nearly  the  same 
properties  with  hair.  The  quill  is  composed  chicDy  of  coagu- 
lated albumen,  without  any  traces  of  gelatine. 

FEATHER-MILL,  in  the  salt-works,  the  partition  in  the 
middle  of  the  furnace,  which  it  divides  into  two  chambers. 

FEBRUARY  is  derived  from  Fehrua,  an  old  Latin  word, 
for  from  the  very  foundation  of  the  city,  we  meet  with  Fehrua 
for  purification;  and  Februare,  to  purge  or  purify.  In  this 
month  the  Romans  held  a  feast  in  behalf  of  the  manes  of  the 
deceased;  and  Macrobius  tells  us,  that  in  this  raontli  also 
sacrifices  were  performed,  and  the  last  offices  were  paid  to  the 
defunct. 

The  Housekeeper's  KaUndar  for  this  month  presents  in  season. 
Fish:  cod,  soles,  sturgeons,  plaice,  Hounders,  skate,  turbot, 
thornback,  whitings,  smelts,  lobsters,  crabs,  oysters,  prawns, 
tench,  carp,  perch,  eels,  lampreys,  and  crawfish. — Meat :  Beef, 
mutton,  veal,  lamb,  and  pork. — PouUi)/ :  Turkeys,  capons, 
pullets,  fowls,  chickens,  pigeons,  pheasants,  partridges,  wood- 
cocks, snipes,  hares,  and  rabbits. —  Veyetuhles:  Cabbages,  savors, 
coleworts,  sprouts,  broccoli,  cardoons,  beets,  parsley,  chervil, 
endive,  sorrel,  celery,  chardbeets,  lettuces,  cresses,  mustard, 
rape,  radishes,  turnips,  tarragons,  mint,  burnet,  tansy,  thyme, 
savory,  marjoram,  radishes,  cucumbers,  asparagus,  kidney 
beans,  carrots,  turnips,  parsnips,  potatoes,  onions,  leeks,  sha- 
lots,  garlic,  rocambole,  salsaCe,  skirret,  scorzoncra,  and  arti- 
chokes.— Fruit:  Pears,  apples,  grapes,  Stc. 

In  the  kingdoms  of  nature  during  this  month,  we  find  that 
bees  begin  to  come  out  of  their  hives,  sheep  drop  their  lambs, 
geese  begin  to  lay,  rooks,  partridges,  &c.  begin  to  pair,  build 
their  nests,  and  lay. 

In  the  Kitchen  Garden  now  sow  radishes,  spinage,  lettuce, 
pease  and  beans,  early  Dutch  turnips  and  onions  for  a  fidl  crop. 
Propagate  by  offsets,  mint,  balm,  sorrel,  tansy,  fennel,  and  tar- 
ragon. Transplant  onions,  carrots,  turnips,  beet,  celery,  and 
endive.  Dig  and  trench  in  moderate  weather,  and  perform  all 
operations  only  in  dri/  weather. 

In  the  hard// Fruit  Department,  plant  all  sorts  of  fruit-trees 
when  the  weatlier  is  fine,  and  strawberries.  Protect  roots  of 
new-planted  tices,  and  tops  of  nectarine,  peach,  plum,  and 
apricot  trees  coming  into  blossom.  Prune  these  ;  also  fruit 
vines,  gooseberries,  currants,  and  raspberries.  E.vamiiie  your 
fruit  room,  and  remove  all  tainted  fruit. 

In  the  culinary  Hot-house  Department,  cucumbers,  melons, 
salads,  and  potatoes,  are  forced — as  are  also  kidney  and  French 
beans,  and  cauliflowers  ;  the  heat  of  all  hotbeds  is  to  be  kept 
up  by  linings.  Attend  to  the  proper  temperature  of  the 
pinery  ;  and  commence  forcing  peaches,  cherries,  and  vines. 

In  the  open  ground  Flower  Garden,  sow  a  few  hardy  annuals, 
mignonette,  and  ten-weeks  stock.  Propagate  hardy  plants 
flora  the  rdot  and  herb.  September  and  March  are  the  best 
seasons  for  this  work.  Prepare  vacant  ground  lor  trees  and 
plants,  &c. 

In  the  Hot-house  Flower  Garden  Departmntt,  force  bulbs,  pre- 
pare for  aiinuvds.  border  lloucrs,  and  Dutch  roots,— and  give 
air  whenever  the  thermoinelcr  rises  to  70°. 

In  the  Pleasure  Ground  and  Nursery  Departments,  plant  deci- 
duous trees  and  shrubs  ;  prune,  dig,  sweep  and  roll  gravel 
walks;  lay  quince,  walnut,  and  mulberry  trees.  Plant  orna- 
mental shrubs  and  forest  trees  ;  and  fell  limber. 

FEE,  in  Law,  a  complete  feudal  property:  which,  \(  absolute, 
IS  called  a  fee-simple;  but  if  limited,  a  fee-tail.    A  tenant  in  fee- 


simple,  is  he  that  hath  lands,  tenements,  or  hereditaments,  to 
bold  to  hira  and  his  heirs  for  ever,  generally,  absolutely,  or 
simply  ;  without  mentioning  what  heirs,  but  referring  that  to 
his  own  pleasure,  or  to  the  disposition  of  the  law.  This 
inheritance  of  lands  may  be  carved  out  into  divers  estates  : 
as,  if  one  grants  a  lease  for  21  years,  or  for  one  or  two  lives, 
the  fee-simple  remains  vested  in  him  and  his  heirs  ;  and  after 
the  determination  of  those  years  or  lives,  the  land  reverts  to 
the  granter  or  his  heirs,  who  shall  hold  it  again  in  fee-simple. 
Limited  fees  are  usually  clogged  w  ith  conditions  or  qualifi- 
cations of  any  sort. 

Fkf.  Qualified,  is  such  a  freehold  estate  as  has  a  qualification 
subjoined  to  it,  and  must  determine  whenever  the  qualification 
is  at  an  end. 

Fee  Farm,  is  when  the  lord,  upon  the  creation  of  the  te- 
nantcy,  reserves  to  himself  either  the  rent  for  which  it  wa.s 
before  let.  or  a  fourth  part  of  that  farm  rent. 

FEELERS,  in  Natural  History,  a  name  used  by  some  for 
the  horns  of  insects. 

FEELING,  one  of  the  five  external  senses:  the  object  of 
which  is  every  body  that  has  consistency  or  solidity  enough  to 
move  the  surface  of  our  skin.  It  is  necessary  to  perfect  feel- 
ing, that  the  nerves  should  form  small  eminences,  because 
they  are  more  easily  moved  by  the  impression  of  bodies  than 
an  uniform  surface.  By  means  of  this  structure,  we  are 
enabled  to  distinguish  not  only  the  size  and  figure  of  bodies, 
their  hardness  and  softness,  hut  also  their  heat  and  cold. 

FELIS,  Cat,  in  Zoology,  a  genus  of  the  mammalia  class, 
belonsing  to  the  order  of  ferae.  1.  Felis  leo,  the  lion,  an 
inhabitant  of  Asia  and  the  interior  of  Africa.  2.  Felis  tigris, 
tiger,  is  a  native  of  the  warmer  parts  of  Asia,  and  the  Indian 
islands.  ."}.  Felis  pardus,  panther,  principally  found  in  .\frica, 
and  is  to  that  country  what  the  tiger  is  to  Asia,  with  this 
allc\iatlng  circumstance,  that  it  is  supposed  to  prefer  the 
destruction  of  other  animals  to  that  of  man.  Felis  leopardus, 
the  leopard,  is  a  native  of  Senegal  and  Guinea,  as  well  as  of 
many  other  parts  of  Africa  ;  it  also  occurs  in  several  parts  of 
Asia.  In  its  manners  it  resembles  the  paniher.  6.  Felis 
jubata,  the  hunting  leopard,  a  native  of  India,  where  it  is  said 
to  be  tamed,  and  used  for  the  chase  of  antelopes  and  other 
animals.  If  it  misses  its  prey,  it  returns  at  the  call  of  its 
master.  6.  Felis  uncia,  the  ounce,  scarcely  inferior  in  size  to 
the  leopard,  is  a  native  of  several  parts  of  Africa  and  Asia.  7. 
Felis  onca,  the  Brazilian  tiger,  is  a  native  of  South  America, 
and  is  a  very  fierce  and  destructive  animal.  8.  Felis  pardalis. 
ocelot,  is  a  ferocious  animal,  and  inhabits  the  hotter  parts  of 
South  America.  9.  Felis  puma.  The  puma  is  the  largest  of 
the  American  beasts  of  prey,  and  a  native  of  many  parts  of 
America,  from  Canada  to  Brazil.  10.  Felis  discolor,  the  black 
tiger,  is  also  a  native  of  America,  and  is  considered  as  a  very 
destructive  animal.  11.  Felis  tigrina,  margay,  a  native  of 
South  America,  is  about  the  size  of  a  cat.  12.  Felis  capensis, 
the  Cape  eat,  inhabits  the  neighbourhood  of  the  Cape  of  Good 
Hope,  and  in  its  manners  resenibles  the  common  cat.  13.  Felis 
manul.  This  species  inhabits  the  middle  part  of  northern  Asia. 
It  is  of  the  size  of  a  fox,  and  is  of  a  strong  and  robust  make. 
11.  Felis  catus ;  the  cat,  in  a  state  of  wildness,  and  from  which 
are  supposed  to  have  proceeded  all  the  varieties  of  the  domestic 
cat ;  it  is  a  native  of  the  north  of  Europe  and  .Vsia.  The  man- 
ners of  the  wild  cat  resemble  those  of  the  lynx,  living  in  woods, 
and  preying  on  young  hares,  birds,  and  a  variety  of  other  ani- 
mals, which  it  seizes  by  surprise.  No  animal  exhibits  a  greater 
degree  of  maternal  tenderness  than  the  cat.  She  even  possesses 
a  propensity  to  nurse  with  tenderness  the  young  of  a  different 
individual.  The  fur  of  the  cat  yields  electric  sparks  when 
rubbled  :  and  if  a  clean  and  dry  domestic  eat  is  placed,  in 
frosty  weather,  on  a  stool  with  glass  feet,  or  insulated  by  any 
other  means,  and  rubbed  for  a  certain  space  in  contact  with 
the  wire  of  a  coated  phial,  it  will  be  effectually  charged  by  this 
method.  15.  Felis  serval.  This  is  »  native  of  India  and  Tibet, 
and  is  a  very  rapacious  animal.  16.  Felis  chaus.  is  an  inha- 
bitant of  the  western  side  of  the  Caspian  sea.  and  the  Persian 
provinces  of  (Jhilan  and  Masenderau.  17.  Felis  rufa,  bay 
lynx.  This  species  is  aliout  twice  the  size  of  a  large  cat,  and 
is  a  native  of  North  America.  18.  Felis  caracal,  or  Persian 
lynx,  is  a  native  of  Asia  and  Africa ;  it  is  used  not  only  in  the 
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chase  of  the  smaller  quadrupeds,  but  of  the  larger  kinds  of 
birds,  such  as  herons,  cranes,  pelicans,  &,c.  19.  Felis  lynx, 
the  common  lynx,  is  found  in  all  the  colder  regions  of  Europe, 
Asia,  and  America,  residing  in  thick  woods,  and  preying  on 
hares,  deer,  birds,  and  other  animals. 

FELLING  OF  Timber.  Its  proper  season  i.s  determined  by 
various  causes,  as  maturity  of  growth,  defects  in  the  trees,  and 
new  arrangements.  Every  tree  that  wears  the  picture  of 
decay,  ought  to  be  felled,  let  the  price  and  demand  be  what 
they  may.  But  when  the  demand  is  brisk,  and  the  price  high, 
such  as  are  near  perfection  may  be  cut  down.  In  all  trees 
there  are  three  stages,  youth,  manhood,  and  age.  The  begin- 
ning of  manhood  is  the  fittest  period  for  removing  trees.  All 
plantations,  when  arrived  at  maturity,  ought  to  be  cut  down 
and  replanted.  Winter  is  the  proper  season  for  felling  trees 
not  to  be  disbarked  ;  but  summer  for  the  resinous  tribes.  In 
spring  and  autumn,  the  wood  is  fullest  of  sap;  in  winter  and 
summer  least  so,  and  is  the  time  fittest  for  being  levelled  with 
the  earth. 

FELLOES,  six  pieces  of  wood,  which,  with  the  addition  of 
a  nave  and  twelve  spokes,  make  the  wheel  of  a  gun-carriage. 

FELLOWSHIP,  the  name  of  a  rule  in  Arithmetic,  useful  in 
balancing  accounts  between  traders,  meichants.  Sec.  ;  as  also 
in  the  division  of  common  land,  prize-money,  and  other  cases 
of  a  similar  kind.  Fellowship  is  of  two  kinds,  single  and 
double  ;  or  fellowship  without  time,  and  fellowship  with  time. 

Single  Fellowship,  is  when  all  the  monies  have  been  em- 
ployed for  the  same  time,  and  therefore  the  shares  are  directly 
as  the  stock  of  each  partner.  The  rule  in  this  case  is  as  fol- 
lows :  As  the  whole  stork  :  the  whole  gain  or  loss  :  :  each 
man's  particular  stock  :  his  particular  share  of  the  gain  or  loss. 
Example.  A  bankrupt  is  indebted  to  A  £1000,  to  B  £2000,  to 
C  £3000;  whereas  his  whole  effects  sold  but  for  £1200:  re- 
quired each  man's  share.  Here  the  whole  debt  is  £6000,  therefore 


As  6000  :  1200 


( 1000  :  £200,  A's  share. 
;  :  \  2000  :  £400,  B's  share. 
(3000  :  £600,  C's  share. 


Double  Fellowship,  is  when  equal  or  different  stocks  are 
employed  for  different  periods  of  time.  The  rule  in  this  case  is 
as  follows  :  Multiply  each  person's  stock  by  the  time  it  has 
been  engaged ;  then  say.  As  the  sum  of  the  products  :  the 
whole  gain  or  loss  :  :  each  particular  product  :  the  corre- 
sponding share  of  the  gain  or  loss. — Example.  A  had  in  trade 
£50  for  four  months,  and  B  £60  for  five  months;  with  which 
they  gained  £24 ;  required  each  person's  particular  share. 

50  X  4  =  200 

60  X  5  z=  300 


600  :  24  : 


i,  200  :  £  9.  12s.  A's  gain. 


)  300  :  £14.    8s.  B's  gain. 
See  Bonnycastle's  "  Arithmetic,"  and  most  other  authors  on 
this  subject. 

FELONY,  in  Law,  means  every  species  of  crime  which 
occasions  at  common  law  the  forfeiture  of  lands  or  goods  ;  as 
wilful  murder,  forgery,  house-breaking,  house-burning,  horse 
and  sheep-stealing,  rape,  highway-robbery,  cutting  and  maim- 
ing, piracy,  coining,  and  treason  against  the  king,  are  punish- 
able with  death.  Numerous  other  offences  are  also  punishable 
with  death  ;  but  the  sentence  is  generally  commuted  into  trans- 
portation for  life:  smaller  offences  involve  transportation  for 
fourteen  or  seven  years ;  and  petty  ones  are  punished  by  im- 
prisonment, whipping,  pillory,  burning  in  the  hand,  or  by  fines. 
The  idea  of  felony  is,  indeed,  so  generally  connected  with  that 
of  capital  punishment  that  we  find  it  diflicult  to  separate  them  ; 
and  to  this  usage  the  interpretations  of  the  law  do  now  con- 
form. And,  therefore,  if  a  statute  makes  any  new  offence  felony, 
the  law  implies  that  it  shall  be  punished  with  death,  by  hang- 
ing, as  well  as  with  forfeiture;  unless  the  offender  prays  the 
benefit  of  clergy,  which  all  felons  are  entitled  once  to  have, 
unless  the  same  is  expressly  taken  away  by  statute.  And  the 
benefit  of  clergy  means  a  privilege  formerly  allowed,  by  virtue 
of  which  a  man  convicted  of  felony,  or  manslaughter,  was  put 
to  read  in  a  Latin  Book,  of  a  Gothic  black  character  (or  old 
English),  and  it  the  Ordinary  of  Newgate  said  Legit  vt  Clerictis, 
u  e.  "  He  reads  like  a  clerk" — or  parson — the  felon  was  only 


burned  in  the  hand,  and  set  free,  otherwise  he  suffered  death 
for  his  crime. 

FELSPAR,  is  a  hard  kind  of  stone  which  varies  much  in 
colour,  being  flesh  red,  bluish  gray,  yellowish  white,  milk 
white,  or  brownish  yellow.  It  is  found  in  mass,  disseminated 
or  crystallized  in  four,  six,  and  ten-sided  prisms  ;  will  strike 
fire  with  steel,  and  is  sometimes  opaque  and  coloured,  some- 
times transparent  and  whitish.  The  name  is  derived  from  the 
German  language,  and  signifies  spar  of  the  fields.  It  is  a  very 
common  substance,  and  constitutes  a  principal  part  of  many  of 
the  highest  mountains  of  the  world.  When  exposed  to  wea- 
ther, it  gradually  acquires  an  earthy  appearance,  and  at  length 
passes  into  porcelain  clay.  Felspar  is  of  great  use  in  the 
manufacture  of  the  finer  earthenwares.  Of  the  two  substances 
which  chiefly  compose  the  porcelain  of  China,  one  called 
petunze  is  a  whitish  laminar  kind  of  felspar,  and  the  other, 
called  kaolin,  very  nearly  resembles  the  common  species  in  its 
decomposed  state.  This  mineral  is  used  in  the  celebrated 
porcelain  manufactured  at  .Sevcs,  near  Paris,  for  the  purpose 
of  giving  to  it  a  white  and  transparent  appearance.  Previously 
to  being  used,  it  is  pulverized,  made  into  a  paste,  and  suffered 
to  dry.  It  is  sometimes  applied  to  the  surface  of  ornamental 
vases  in  the  form  of  enamel. 

Labrador  Felspar,  is  a  very  beautiful  stone  of  smoky  gray 
colour,  intermingled  with  veins  and  shades  of  blue,  green,  and 
golden  yellow,  e.xhibiting  a  brilliant  play  of  colours,  according 
to  the  position  with  respect  to  the  light  in  which  the  stone  is 
held.  The  original  discovery  of  this  singular  mineral  was  by 
the  Moravian  missionaries,  on  the  island  of  St.  Paul,  near  the 
coast  of  Labrador;  but  it  has  since  been  found  in  various 
parts  of  Norway  and  Siberia.  In  the  late  Leverian  museum 
there  was  exhibited  a  remarkably  fine  mass  of  Labrador  fel- 
spar, the  surface  of  which  was  polished,  and  exhibited  some 
of  the  most  splendid  and  beautiful  colours  that  could  be 
imagined.  It  was  considered  to  have  been  the  most  capital 
specimen  that  was  ever  brought  to  England.  This  mineral,  on 
account-of  its  hardness,  its  brilliancy,  and  its  capability  of 
receiving  a  high  polish,  is  in  considerable  estimation  among 
lapidaries  for  different  kinds  of  ornamental  work,  particularly 
for  the  tops  and  bottoms  of  snuff-boxes,  for  brooches,  and 
necklaces. 

FELTING,  the  method  of  working  up  hair  or  wool  into  a 
species  of  cloth,  independently  of  either  spinning  or  weaving. 
See  Hat-making. 

FELUCCA,  a  little  vessel  with  oars,  frequent  in  the  Medi. 
terranean. 

FEMINEUS,  Flos,  a  female  flower.  By  this  name  Linnaeus 
denominates  a  flower  which  is  furnished  with  the  pistillum. 
Female  flowers  may  be  produced  apart  from  the  male,  cither 
on  the  same  root,  or  on  distinct  plants.  The  birch  and  mul- 
berry are  examples  of  the  first  case  ;  willow  and  poplar  of  the 
second. 

FEMAIE  Covert,  in  Law,  a  married  woman:  an  femme sole 
is  an  unmarried  woman,  whose  debts  contracted  before  mar- 
riage, become  those  of  her  husband  after  it. 

FEN,  a  place  overfiowed  with  water,  or  abounding  with 
bogs,  as  the  bogs  in  Ireland,  the  fens  in  Lincolnshire,  Kent, 
and  Cambridgeshire.  These  fens  abound  in  duck,  teal, 
mallards,  pike,  eels,  &c. ;  and  a  herbage  that  is  very  nourishing 
to  sheep  and  cattle. 

FENCE,  in  Gardening  and  Husbandry,  a  hedge,  wall,  or 
ditch,  &c.,  or  other  enclosure  made  round  gardens,  fields, 
woods,  &c.  Fences  round  parks  are  generally  of  paling,  which, 
if  well  made  of  winter-fallen  oak,  will  last  40  years.  But  a 
principal  thing  to  be  observed,  is,  not  to  b;ive  such  fences  too 
heavy,  as  their  own  weight  will  cause  them  to  decay.  The 
posts  should  not  be  more  than  9  feet  asunder,  the  rails  tri- 
angular, the  pales  cleft,  f  inch  one  edge  and  |  the  other;  and 
every  alternate  pale  9  inches  above  the  intermediate  one. 

FENCING,  an  accomplishment  both  agreeable  and  useful — 
agreeable,  as  it  is  a  noble  and  innocent  amusement;  useful,  as 
it  forms  the  body,  and  furnishes  its  practitioners  with  a  most 
manly  method  of  self-defence,  whether  in  support  of  their 
honour,  or  to  protert  life,  when  attacked  by  those  turbulent 
and  dangerous  bullies,  whose  chastisement  is  of  service  to 
society  in  general. 
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FEODAL,  Feud,  or  Fee  Si/stem,  called  also  "the  Feudal 
Si/stem,"  v/h\ch  existed  in  Europe,  in  time  back,  was  this :  — 
When  the  northern  nations,  the  Goths,  Vandals,  &c.  overran 
tlie  Roman  empire  in  the  5lh  century  of  our  asra,  they  brought 
tlie  feudal  system  along  with  then,  and  established  it  wher- 
ever they  settled.  According  to  this  system,  the  victorious 
general  allotted  considerable  tracts  of  land  to  his  principal 
officers  ;  while  they,  in  like  manner,  divided  their  possessions 
among  the  inferior  officers,  and  such  of  the  common  soldiers  as 
were  bravest  in  battle.  This  stipend  of  land  they  called  ajief, 
feod,  or  feud ;  and  the  condition  of  tenure  was,  that  the  tenants 
in  fief  should  serve  the  owner  of  the  fee-simple,  or  lessor,  or 
lord,  at  home  and  abroad  in  all  wars  and  military  expeditions. 
To  this  they  bound  themselves  by  an  oath  of  fealty,  so  that  a 
reciprocal  tie  linked  the  highest  chief  with  the  humblest  of  his 
followers,  who  could  not  only  enjoy  but  dispose  of  their  terri- 
tory as  they  pleased,  the  possessor  being,  by  his  occupancy, 
bound  for  military  service,  as  was  his  predecessor.  When 
William  the  Conqueror  was  crowned  king  of  England,  he 
secured  his  victory  by  loading  the  Saxons  with  the  heaviest 
chains  of  the  feudal  laws,  and  imposed  upon  all  the  proprietors 
of  land,  various  hardships  unknown  before  in  England.  These 
were  the  subjects  of  complaint  and  opposition  for  many  ages 
after  the  conquest.  With  the  Norman  language,  which  was 
adopted  in  the  courts  of  justice,  were  introduced  the  Norman 
laws.  The  ancient  trial  hy  jury  was  superseded  by  the  uncer- 
tain and  unjust  decision  by  single  combat,  a  practice  which  was 
established  by  law,  and  conducted  with  regular  ceremonies 
and  forms  of  devotion.  The  extinction  of  all  fires  at  the 
melancholy  sound  of  the  curfew  or  evening  bell,  was  a  striking 
emblem  of  the  extinction  of  liberty.  The  nation  groaned  under 
every  distress  that  a  politic  and  obdurate  conqueror  could 
inflict  ;  and  their  chains  were  so  firmly  riveted,  as  fro  require 
a  degree  of  energy  and  unanimity  to  break  them,  which  the 
oppressed  Saxons  had  not  sufficient  resolution  to  exert.  The 
Conqueror  not  only  broke  the  line  of  hereditary  succession  to 
the  crown  of  England,  but  reduced  the  people  to  the  most 
abject  slavery.  The  confiscation  of  the  estates  of  the  Saxon 
nobles  indicated  both  his  policy  and  rapacity.  He  caused  a 
survey  to  be  made  of  all  the  lands  in  the  kingdom,  with  a 
distinct  account  of  their  extent  and  value,  and  the  names  of 
the  proprietors.  This  curious  record,  called  Doomsday  Book, 
Domus  Dei  Liber,  is  preserved  in  the  Exchequer,  and  has  been 
printed.  These  lands  were  divided  into  60,'215  military  fiefs  ; 
some  were  reserved  by  the  Conqueror  for  himself;  and  the  rest 
were  bestowed  upon  his  Norman  followers,  to  be  held  under 
the  obligation  of  each  vassal  taking  up  arms,  and  appearing  in 
the  field,  whenever  the  king  raised  his  standard  of  war. 

FEOFFMENT,  in  Law,  the  gift  of  any  corporeal  heredita- 
ment to  another.  He  that  so  gives  or  cnleoffs,  is  called  the 
feoffor,  and  the  person  enfeoffed,  or  put  in  possession,  is  deno- 
minated the  feofiee. 

FERJi,  in  Zoology,  an  order  of  quadrupeds,  the  distinguish- 
ing characters  of  which  are,  that  all  the  animals  belonging  to 
it  have  fore-teeth  conic,  usually  six  in  each  jaw  ;  tusks  longer; 
grinders  with  conical  protections  ;  feet  with  claws ;  claws 
subulate  ;  food  carcasses,  and  preying  on  other  animals. 

Fer«  ISatura,  are  animals  of  a  wild  nature,  in  which  a 
man  has  only  a  qualified  and  limited  property,  which  some- 
times subsists,  and  at  other  times  does  not. 

FER  DE  FOURCHETTE,  in  Heraldry,  a  cross  having  at 
each  end  a  forked  iron,  like  that  formerly  used  by  soldiers  to 
rest  their  muskets  on.  And  Fer  de  Moulin,  is  a  bearing  sup- 
posed to  represent  the  iron  ink,  or  ink  of  a  mill,  which  sustains 
the  moving  millstone. 

FERGUSON,  James,  an  eminent  experimental  philosopher 
and  mechanic,  was  born  of  very  poor  parents,  in  Bamffshirc,  in 
Scotland,  in  1710;  in  which  humble  situation  he  very  early 
gave  great  proofs  of  an  original  and  enterprising  genius,  which 
he  afterwards  displayed  much  to  his  own  credit  and  emolu- 
ment;  having  accumulated  at  his  death,  which  happened  in 
1770,  a  sum  of  £0000.  Mr.  Ferguson  was  fellow  of  the  Royal 
Society,  and  author  of  some  works  on  astronomy  and  me- 
chanics. 

FERMAT,  Peter,  a  celebrated  French  mathematician,  was 
born  in  1590,  and  became,  by  his  talents  and  acquirements. 


coansellor  of  the  parliament  of  Toulouse.  Fermat  was  inti- 
mately acquainted  with  all  the  first-rate  mathematicians  of  his 
age,  either  personally  or  by  correspondence. 

FERMENTATION,  an  intestine  motion,  excited  by  the 
assistance  of  proper  heat  and  fluidity  between  the  inte<>-rant 
and  constituent  parts  of  farinaceous,  saccharine,  and  a  few 
other  substances,  from  which  new  combinations  of  their  r:- 
spective  principles  result.  The  various  kinds  of  fermentation 
are— 1.  The  Vinous;  2.  The  Acetous;  3.  The  Panary  ;  4.  The 
Putrid. 

1.  The  Vinous  Fermentation. — When  a  solution  of  saccharine 
matter,  or  saccharine  matter  and  starch,  or  sweet  juices  of 
fruits,  suffer  this  change,  the  result  is  beer  or  wine,  and  the 
process  is  called  a  vinous  fermentation. 

2.  Acetous  Fermentation. — When  wine,  or  any  fermented  or 
vinous  liquor,  is  exposed  to  a  heat,  from  75°  to  80°  Fahrenheit, 
and  access  of  air  is  permitted,  the  fluid  becomes  torpid,  a  new- 
change  of  principles  takes  place  ;  it  loses  its  taste  and  smell, 
becomes  sour,  and  is  converted  into  vinegar. 

3.  Panary  Fermentation. — This  is  the  fermentation  produced 
by  the  action  of  yeast  or  flour  and  water  in  the  making  of 
bread. 

4.  Putrid  Fermentation. — This  is  the  last  change  or  final 
decomposition  of  vegetables.  Without  moisture,  heat,  and  a 
due  access  of  air,  this  decomposition  does  not  take  place.  In 
this  state  of  fermentation,  ammonia  is  thrown  out,  accom- 
panied by  a  very  ofi'ensive  smell.  Vegetables  which  contain 
albuminous  matter  and  gluten,  are  most  liable  to  putrefaction 
or  fermentation. 

FERRAGO,  simply  rust,  called  in  Chemistry  oxide  of  iron  ; 
from/errHHi,  iron. 

FERRETTO,  in  Glass  Making,  a  substance  used  in  colour- 
ing glass,  and  obtained  from  a  simple  calcination  of  copper  and 
powdered  brimstone,  or  copper  and  white  vitriol.  Hee  Glass 
Making. 

FERRUGINOUS,  any  thing  partaking  of  iron,  or  that  con- 
tains particles  of  that  metal. 

FERRY,  a  liberty  by  prescription,  or  by  the  kingr's  grant,  to 
have  a  boat  for  passage  on  a  frith  or  river,  for  carrying  passen- 
gers, horses,  or  any  goods,  over  the  same  for  a  reasonable  toll 
or  lax. 

FERTILITY,  as  of  soils,  &c.  denominates  their  being  fruit- 
ful, prolific,  &c.  In  all  animals,  every  thing  that  promotes 
health  conduces  to  fertility ;  and  perfect  fecundity  must  result 
from  good  blood,  good  spirits,  high  health,  and  perfect  animal 
functions.  All  the  medicines,  nostrums,  and  specifics,  different 
from  these,  are  arrant  quackery.  Such  is  the  doctrine  of  phy- 
siologists ;  yet  we  see  most  fertile  the  wives  of  the  labouring 
poor— of  mechanics,  who  earn  perhaps  only  18 shillings  a  week, 
ou  which  a  family  of  seven  persons  has  to  be  supported.  This 
is  incontrovertible.  It  is  obvious  tlicn,  that  high  living  is  not 
necessary  to  the  fecundity  of  our  species,  though  it  is  also  a 
fact  that  there  are  living,  at  this  time  (1826),  mothers  of  ten, 
nay,  sixteen  children,  who  have  all  their  lives  lived  in  the  lap 
of  luxury.  As  respects  the  fertility  of  the  mother  earth,  soils 
may  be  improved  by  pulverization,  which  allows  the  rain  to 
penetrate  the  soil,  and  gives  scope  to  the  roots  of  vegeta- 
bles, according  to  their  abundance.  It  besides  increases  the 
capillary  attraction,  which  is  always  greater  in  proportion  as 
the  particles  of  earth  are  finely  divided.  Air,  light,  and  heat, 
arc  also  communicated  to  under  strata,  by  turning  up  and  lay- 
ing open  the  soil ;  and  plants  and  vegetables  cannot  flourish  in 
all  their  perfection  without  those  great  elements  of  animating 
nature.  Ploughing,  digging,  harrowing,  raking,  dunging,  scat- 
tering of  ashes,  and  alkali  residues,  are  the  great  agents  iu 
mixing,  enriching,  warming,  and  nourishing  soils,  so  as  to  give 
them  all  that  fertility  of  which  they  are  capable  ;  and  where 
these  important  matters  are  well  regulated,  ferlilily  will  ordi- 
narily take  place,  and  the  desire  of  the  owners  or  occupiers  of 
the  land  will  ensue. 

FESSE,  in  Heraldry,  one  of  the  nine  honourable  ordinaries. 
Fi-sse  point  is  the  exact  centre  of  the  escutcheon ;  fesse  uaift 
denotes  any  thing  borne  after  the  manner  of  a  fesse,  i.e.  in"  a 
rank  across  the  middle  of  the  shield  ;  luni  fesse  per  fesse  implies 
a  parting  across  the  middle  of  the  shield  from  side  to  side, 
through  the  fesse  point. 
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FESTOON,  in  Architecture, 
Jtc.  an  ornament  in  form  of  a 
(farland  of  flowers,  fruits,  and 
leaves,  intermixed  or  twisted 
together,  and  generally  more 
bulky  in  the  middle  than  to- 
wards the  ends,  which  hang 
down  perpendicularly,  as  in 
the  annexed  figure. 

FEU  DiTY,  in  Scots  Law,  the  annual  duty  which  a  vassal, 
l)y  the  tenor  of  his  right,  becomes  bound  to  pay  his  superior; 
hence  the  tenure  of  few  Iwlding. 

FEVER,  a  disease  in  which  the  body  is  violently  heated,  the 
pulse  quickened,  and  the  patient  attacked  alternately  with  heat 
and  cold.  Fevers  are  cither  intermittent,  continued,  remittent, 
scarlet,  &c.  and  usually  attended  with  headache,  thirst,  gid- 
diness, and  sometimes  difficulty  of  breathing.  Their  treatment 
is  as  various  as  their  names,  and  the  systems  of  practitioners. 
But  we  cannot  enter  upon  this  topic,  v,  hich  is  of  too  much 
consequence  to  be  handled  in  a  few  pages. 

FIBRE,  in  Anatomy,  a  simple  body,  being  fine  and  slender 
like  a  thread,  and  serving  to  form  other  parts.  Hence  fibrin 
is  that  substance  which  constitutes  the  fibrous  part  of  the  mus- 
cles of  animals. 

FIBRIN,  is  a  peculiar  organic  compound  found  in  vege- 
tables and  in  animals.  There  are  few  vegetables  from  which 
this  substance  is  obtained  distinctly  characterized,  but  it  is 
found  abundantly  in  all  animals.  Chyle,  the  blood,  and  the 
muscular  flesh,  produce  it.  If  the  blood  from  the  veins  be 
beaten  with  rods,  long  reddish  filaments  of  fibrin  will  adhere 
to  them,  and  if  washed  in  cold  water,  they  will  become  colour- 
less, and  the  matter  of  fibrin  will  be  found  to  be  solid,  white, 
insipid,  without  colour  and  smell.  When  moist,  it  is,  in  some 
degree,  elastic  ;  w  hen  dried,  it  is  yellow,  hard,  and  brittle.  By 
distillation  it  yields  carbonate  of  ammonia,  some  acetate, 
brown  oil,  and  gaseous  products.  There  remains  in  the  retort 
a  charcoal,  which,  after  combustion,  leaves  phosphate  of  lime, 
phosphate  of  magnesia,  with  carbonate  of  lime  and  soda. 

FIBROLETE,  a  mineral,  first  observed  by  Bournon,  in  the 
matrix  of  the  imperfect  corundum.  It  is  composed  of  58.25 
alumina,  38.00  silica,  3.75  a  trace  of  iron,  and  loss. 

FICUS,  a  genus  of  the  trioecia  order,  in  the  polygamia  class 
of  plants,  and  in  the  natural  method  ranking  under  the  53d 
order,  scabrida?.  There  are  50  species,  of  which  the  banian- 
tree  is  the  most  remarkable.     See  Banian-tree. 

FIDD,  on  board  ship,  is  an  iron  or  wooden  pin,  to  splice  and 
fasten  ropes  together. 

FIELD,  in  Heraldry,  the  whole  surface  of  the  shield,  or  the 
continent,  so  called  because  it  containeth  those  achievements 
anciently  acquired  in  tlie  field  of  battle.  It  is  now  the  ground 
oi!  which  the  colours,  bearings,  metals,  furs,  charges,  &c.  are 
represented. 

Field  Booh,  in  Surveying,  the  angles,  stations,  distances, 
&c.  are  set  down.     See  Surveying  of  Laud. 

Field  Pieces,  small  cannons  from  3  to  12  pounders,  carried 
along  with  an  army  ;  and  the  Field  Staff,  carried  by  the  gun- 
ners, is  about  the  length  of  a  halbert,  with  a  spear  at  one  end, 
having  oa  each  side  ears  screwed  on,  like  the  cock  of  a  match- 
I'jck,  into  which  the  homadiers  screw  lighted  matches  when 
they  are  upon  command  ;  and  then  the  field  staffs  are  said  to 
be  armed. 

Field  Worlts,  in  FortiCcation,  are  those  thrown  up  by  an 
army  in  besieging  a  fortress,  or  by  the  besieged  to  defend  the 
place;  as  the  fortifications  of  camps,  hishways,  &c. 

FIERI  FACIAS,  a  judicial  writ  that  lies  at  all  times  within 
the  year  and  day  for  him  who  has  recovered  in  an  action  of 
debt  or  damages,  to  the  shcrilf,  to  command  him  to  levy  the 
debt  or  damages  of  bis  goods  against  whom  the  recovery 
was  had. 

FIFE,  a  wind  instrument  of  the  martial  kind,  consisting  of  a 
short  narrow  tube  with  holes  disposed  along  the  side,  for  the 
regulation  of  its  tones. 

FIFTH,  in  Music,  a  distance  comprising  four  diatonic  inter- 
vals, i.  e.  three  tones  and  a  half.  Fifth  Sharp,  is  an  interval 
consisting  of  eight  semitones. 

FIFTEENTH,  an  ancient  tribute  or  tax  laid  upon   cities, 


boroughs,  &c.,  through  all  England,  and  so  teriiud,  because  it 
amounted  to  a  fifteenth  part  of  what  each  city  or  town  had  been 
valued  at;  or  it  was  a  fifteenth  of  every  man's  personal  estate, 
according  to  a  reasonable  valuation.  In  doomsday-book,  there 
are  certain  rates  mentioned  for  levying  this  tribute  yearly;  but 
since,  any  such  tax  cannot  be  levied  but  by  parliament. 

FIGURE,  in  Grammar,  is  a  deviation  from  the  natural  rules 
of  etymology,  syntax,  and  prosody,  either  for  brevity,  ele- 
gance, or  harmony. 

Figure,  in  Rhetoric,  is  a  manner  of  speaking  different  from 
the  ordinary  and  plain  mode,  and  more  emphatical,  expressing 
a  passion,  or  containing  a  beauty. 

Figure  of  a  Body,  in  Geometry  and  MensH,ation,  denotes 
generally  its  form  or  .shape  ;  whence  as  all  bodies  are  of  some 
form  or  figure,  figurability  is  reckoned  amongst  the  essential 
properties  of  body  or  matter.  A  body  without  figure  would  be 
without  limits,  and  must  therefore  be  infinite. 

Figure,  in  Painting  and  Designing,  denotes  the  lines  and 
colours  which  form  the  representation  of  any  animal,  but  more 
particularly  of  a  human  person.     See  Drawing. 

Figures,  in  Arithmetic,  are  the  nine  digits,  I,  2,  3,  4,  Sec. 
FILACER,  or  Filazer,  an  ofiicer  of  the  court  of  common 
pleas,  so  called,  because  he  files  those  writs  whereupon  lie 
makes  out  process.  There  are  fourteen  of  them  in  their  several 
divisions  and  counties,  and  they  make  out  all  writs,  and  pro- 
cesses upon  original  writs,  issuing  out  of  chancery. 

FILAMENT,  in  .Anatomy  and  Natural  History,  &c.  is  the 
same  aspire,  and  is  applied  to  those  fine  threads  that  compose 
the  flesh,  nerves,  skin,  plants,  roots.  Sec.  of  all  vegetating 
organized  bodies.  Hence  the  thread,  cloth,  he.  from  flax, 
nettles,  hop  stalks.  Sec. 

Filaments,  Vegetable,  form  a  substance  of  great  use  in 
the  arts  and  manufactures  ;  furnishing  thread,  cloth,  cordage, 
&c.,  as  the  filamentous  parts  of  hemp  and  flax  are  employed 
among  us. 

FILARIA,  a  genus  of  insects  of  the  order  intestina.  There 
are  several  species,  infesting  dillerent  animals  and  insects. 
The  medinensis  is  the  most  remarkable  spccjes  ;  it  inhabits  the 
Indies,  and  is  frequent  in  llie  morning  dew,  whence  it  enters 
the  feet  of  the  slaves,  and  creates  the  most  troublesome  itch- 
ings,  accompanied  with  inflammation  aud  fever. 

FILE,  among  ]Mechanics,  a  furrowed  tool  used  to  polish  or 
prepare  metals.  Sec.  and  usually  cut  in  steel. 

Mr.  Nicholson  has  obtained  a  patent  for  machinery  for  the 
manufacture  of  files;  which  consists,  I.  Of  a  carriage,  in  whicli 
the  file  is  fixed,  and  moved  for  the  purpose  of  receiving  the 
strokes  of  a  cutter  or  chisel.  2.  The  anvil  by  which  the  file  is 
supported  beneath  the  part  which  receives  the  stroke.  3.  The 
regulating  gear,  by  which  the  distance  between  the  strokes  is 
governed  :  and  4.  The  apparatus  for  giving  the  stroke  or  cut. 
Those  four  parts  are  supported  by  a  frame  of  wood  or  metal, 
according  to  the  nature  of  the  work  to  be  performed.  By  this 
machinery,  a  blind  man  can  cut  a  file  with  more  exactness  than 
the  most  skilful  workman  in  the  ordinary  way. 

FILES,  Machines  for  Cutting  of.  There  have  been 
various  contrivances  for  this  purpose,  but  among  the  best  we 
are  acquainted  with,  is  one  described  in  tlie  Transactions  of  the 
American  Philosophical  Society.  A  A  A  A,  (as  in  the  following 
figure,)  is  a  bench  made  of  well-seasoned  oak,  the  face  of  which 
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is  planed  very  smooth.  B  B  B  B  B,  the  feet  of  the  bench, 
which  should  be  substantial.  C  C  C  C,  the  carriage  on  which 
the  files  are  laid,  which  moves  along  the  face  of  tlie  bench 
A  AAA,  parallel  to  its  sides,  and  carries  the  files  gradually 
under  the  edge  of  the  cntter  or  chisel  H  H,  while  the  teeth  arc 
cut :  this  carriage  is  made  to  move  by  a  contrivance  somewhat 
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hiniilar  to  ihat  which  carries  tlic  los  ajrainst  the  sav  of  a  saw- 
mill, as  will  be  more  particularly  described.  D  D  \),  are  three 
iron  rods  inserted  in  the  ends  of  the  carriage  CCCC,  and 
passing  through  holes  in  the  studs  E  E  E,  which  are  screwed 
firmly  against  the  ends  of  the  bench  A  A  A  A,  for  directing  the 
course  of  the  carriage  CCCC,  parallel  to  the  sides  of  the  said 
bench.  FF,  two  upright  pillars,  mortised  firmly  into  the 
bench  A  A  A  A,  nearly  etjuidistant  from  each  end  of  it,  near 
the  edge,  and  directly  opposite  to  each  other.  G,  llie  lever  or 
arm  which  carries  the  cutter  H  H,  (fixed  by  the  screw  I,)  and 
works  on  the  centres  of  two  screws  K  K,  which  are  fixed  into 
the  two  pillars  F  F,  in  a  direction  right  across  the  bench 
A  A  A  A.  By  tightening  or  loosening  these  screws,  (he  arm 
which  carries  the  chisel  may  be  made  to  work  more  or  less 
steadily,  L  is  the  regulating  screw,  by  means  of  which  the 
tiles  may  be  made  coarser  or  (iner;  this  screv/  works  in  a  stud, 
M,  which  is  screwed  firmly  upon  the  top  of  the  stud  F:  the 
lower  end  of  the  screw  L  bears  against  the  upper  part  of  the 
arm  C,  and  limits  the  height  to  which  it  can  rise.  N  is  a  steel 
spring,  one  end  of  which  is  screwed  to  the  other  pillar  F,  and 
the  other  end  presses  against  the  pillar  O,  which  is  fixed  upon 
the  arm  G  ;  by  its  pressure  it  forces  the  said  arm  upwards, 
until  it  meets  witli  the  regulating  screw,  L.  P  is  an  arm 
with  a  claw  at  one  end  marked  (i,  the  other  end  is  fixed  by  a 
joint  into  the  end  of  the  stud  or  pillar  O ;  and  by  the  motion  of 
the  arm  G,  is  made  to  move  the  ratch-whcel  Q.  This  ratch- 
wheel  is  fixed  upon  an  axis,  which  carries  a  small  Irundle- 
head  or  pinion  R,  on  the  opposite  end  ;  this  takes  into  a  piece 
S  S,  which  is  indented  with  teeth,  and  screwed  firmly  against 
one  side  of  the  carriage  CCCC:  by  means  of  this  piece 
motion  is  communicated  to  the  carriage.  T  is  a  clamp  for 
fastening  one  end  of  the  file  Z  Z,  in  the  place  or  bed  on  which 
it  is  to  be  cut.  V  is  another  clamp  or  dog,  at  the  opposite  end, 
which  works  by  a  joint  W,  firmly  fixed  into  the  carriage 
CCCC,  Y  is  a  bridge,  likewise  screwed  into  the  carriage, 
through  whicli  the  screw  X  passes,  and  presses  willi  its  lower 
end  against  the  upper  side  of  the  clamp  V  ;  under  which 
clamp  the  other  end  of  the  file  Z  Z,  is  placed,  and  held  firmly 
in  its  situation  while  it  is  cutting,  by  the  pressure  of  the  said 
clamp  V.  77  77  is  a  bed  of  lead,  wliich  is  let  into  a  cavity 
formed  in  the  body  of  the  carriage,  something  broader  and 
longer  than  the  largest  fixed  files  ;  the  upper  face  of  this  bed  of 
lead  is  formed  variously,  so  as  to  fit  the  difi'crent  kind  of  files 
which  may  be  required.  At  the  figures  2  2,  are  two  catches 
which  take  into  the  teeth  of  the  ratch-wheel  Q,  to  prevent  a 
recoil  of  its  motion.  3  3  is  a  bridge  to  support  one  end  4,  of 
the  axis  of  the  ratch-whecl  Q.  6,  a  stud  to  support  the  other 
end  of  the  axis  of  that  v\'heel. 

When  the  file  or  files  are  laid  in  their  place,  the  machine 
must  be  regufiated  to  cut  them  of  the  due  degree  of  fineness,  by 
means  of  tiie  regulating  screw  L  ;  which,  by  screwing  further 
through  the  arm  M,  will  make  the  files  finer,  and  vice  versa,  by 
unscrewing  it  a  little,  will  make  them  coarser  ;  for  the  arm  G 
will  by  that  means  have  liberty  to  rise  the  higher,  wliich  will 
occasion  the  arm  I*,  with  the  claw,  to  move  further  along  the 
periphery  of  the  ratch-whecl,  and  c(msequently  communicate  a 
more  extensive  motion  to  the  carriage  CCCC,  and  make  the 
files  coarser.  When  the  machine  is  thus  adjusted,  by  striking 
with  a  hammer  on  the  head  of  the  cutter  or  chisel  H  il,  all  (he 
movements  are  set  to  work,  and  by  repeating  the  stroke  with 
the  hammer,  the  files  on  one  side  will  eventually  be  cut.  They 
must  then  be  turned,  and  the  operation  repeated  for  cutting  (he 
other  side.  This  machine  may  be  made  to  work  by  water  as 
well  as  by  hand,  to  cut  large  or  small,  coarse  or  fine  ;  or  indeed 
any  number  at  the  same  time.  The  materials  and  dimensions 
of  this  machine  must  be  left  to  the  judgment  of  the  mechanic, 
but  the  whole  must  be  capable  of  bearing  a  considerable 
portion  of  violence  and  thumping. 

FILLAGREE  Work,  a  kind  of  enrichment  on  gold  or  silver, 
wrought  delicately  like  threads  or  grains,  or  both  intermixed. 
Tlie  gold  and  siUer  fillai/rec  of  Sumatra  is  the  most  esteemed  of 
the  world,  yet  is  it  made  with  the  coarsest  tools, — a  piece  of 
bamboo  cane  serving  as  a  blow-pipe,  a  couple  of  old  nails  as 
a  pair  of  compasses  :  an  old  iron  hoop  serves  many  purposes. 
The  price  of  the  workmanship  depends  on  the  difficulty  or  un- 
commoDness  of  the  pattern,  but,  in  general,  it  is  only  one-tbird 


of  the  value  of  the  metal,  except  in  matters  of  fancy,  when  it 
amounts  to  as  much  as  the  gold. 

FILLET,  in  Architecture,  a  little  sqaare  member  used  in 
divers  places,  but  gcnemlly  as  a  sort  of  corona  over  a  greater 
moulding.  In  Heraldry,  a  bordure  or  orle,  one-third  part  (he 
breadtli  of  the  common  bordure.  It  runs  quite  round,  near  the 
edge,  as  a  lace  over  a  cloak.  It  sometimes  appears  like  a 
scarf  across  the  shield. 

Fillets,  in  the  Manege,  the  loins  of  a  horse  which  begin  at 
the  place  where  the  hinder  part  of  the  saddle  rcst.i. 

FILTER,  or  Filtre,  in  Chemistry,  a  strainer  through  which 
any  fluid  is  passed,  to  separate  the  gross  particles,  and  render 
it  limpid. 

FILTERING  Basons,  &c.,  are  eidier  natural  or  artificial, 
for  the  purpose  of  purifying  wafer.  Natural  filters  are  found 
in  rocks,  mountains,  beds  of  sand,  gravel,  &c.  Artificial  fil(cr- 
ing  basons  consist  of  equal  pnrls  of  pipe-clay  and  coarse  sand. 
They  should  be  three-quarlcrs  of  an  inch  thick. 

FILTRATION,  in  Chemistry,  is  sifting  through  the  pores 
of  paper,  flannel,  or  fine  linen  or  sand,  pounded  glass,  or 
porous  stones,  and  the  like  ;  but  it  is  used  only  fur  separating 
fluids  from  solids,  or  particles  that  may  happen  (o  be  suspended 
in  tlieni,  and  not  chcniically  combined  with  the  fluids. 

FIN,  in  Natural  History,  a  well  known  part  of  fishe.«!,  con- 
sisting of  a  membrane  supported  by  rays,  or  little  bony  or  car- 
tilaffinous  ossicles. 

FINANCE,  the  economy  of  the  public  revenue  and  expendi- 
ture of  nations.  The  English  system  of  finance  rests  on  the 
produce  of  the  various  taxes,  (he  aggregate  amount  of  which, 
after  deducting  the  expenses  of  collecting,  logclher  with  a  few 
small  articles  which  cannot  properly  be  called  taxes,  forms  the 
whole  of  the  public  income. 

FINE,  in  Law,  has  different  significations.  It  sometimes 
denotes  a  formal  conveyance  of  lands  or  tenements,  or  of  any 
inheritable  thing,  in  order  to  cut  off  all  controversies:  sonic- 
times  it  means  a  sum  of  money  paid  for  entering  into  the  pos- 
session of  lands  or  tenements  let  by  lease.  Again,  it  signifies 
a  pecuniary  mulct  for  an  oficnce  conducted  against  the  king,  or 
the  lord  of  the  manor. 

FINERS  of  gold  and  silver,  are  those  who  separate  these 
metals  from  coarser  ores. 

FIRE,  that  invisible  fluid  by  which  bodies  are  expanded, 
and  become  hot,  is  best  known  from  its  effects  ;  and  »o  these, 
and  not  to  the  disputes  that  have  agitated  philosophers  con- 
cerning this  subject,  must  we  look  for  all  the  knowledge  to  be 
gained  respecting  this  chief  agent  in  nature,  on  w  hich  animal 
and  vegetable  existence  have  so  close  and  inscrutable  a  depen- 
dence, and  without  which  it  does  not  appear  that  nature  could 
exist  a  single  moment.  Whenever  you  perceive  a  number  of 
qualities  always  existing  together,  you  are  warranted  to  con- 
clude, that  there  is  some  substance  which  produces  thoso 
qualities.  Fire  drives  out  other  bodies  from  any  given  space; 
it  has  a  constant  tendency  to  diffuse  itself  uniformly,  so  as  to 
maintain  an  e(|uilibrium  ;  it  dilates  some  substances  ;  it  must 
have  penetrated  them  ;  it  expels  other  bodies,  and  takes  their 
place  ;  therefore  we  conclude,  it  must  itself  be  a  body — a  real 
and  material  substance. 

-Air  is  a  substance,  and  not  a  quality.  People  who  are  unac- 
quainted with  the  principles  of  natural  philosophy,  v;ould  not 
suppose  that  the  air  by  which  we  are  surrounded  is  a  material 
substance,  like  water,  or  any  other  visible  matter.  licing 
perfectly  invisible,  and  affording  no  resistance  to  the  touch,  it 
must  seem  to  them  extraordinary  to  consider  it  as  a  solid  and 
material  substance  ;  and  yet  a  few  simple  experiments  will 
convince  any  one  that  it  is  really  matter,  and  possesses  weight, 
and  the  power  of  resisting  other  bodies  that  press  against  it. 
And  it  differs  from  all  other  fluids  in  the  four  following  particu- 
lars :— 

1  It  can  be  compressed  into  a  much  less  space  than 
what  it  naturally  possesses.  2.  It  cannot  be  congealed,  or 
fixed,  as  any  odier  Huids  may.  3.  It  is  of  a  different  density 
in  every  part  upward  from  the  earth  s  surface,  decreasing  in 
its  weight,  bulk  for  bulk,  the  higher  it  rises.  4.  It  is  of  an 
elastic,  or  springy  nature,  and  the  force  of  its  spring  is  equal 
to  its  weight. 

Fire,  in  common  with  air,  is  subject  to  these  laws.     Light  is 
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an  emanation  of  fire;  tlie  decomposition  of  the  rays  of  lifclit 
proves  its  materiality  ;  «liat  is  li^lit  on  tlie  surface  of  a  burn- 
ing glass,  is  fire  at  its  focus  ;  wliatever,  therefore,  proves  the 
materiality  of  light,  is  applicable  to  fire. 

We  conclude,  therefore,  that  fire  is  a  real  and  material  sub- 
stance;  and  by  the  word  fire  we  mean  that  very  subtile  fluid 
which  all  men  call  fire  ;  heat  is  an  effect  of  fire,  or  a  proof  of 
its  presence  ;  absolute  heat  and  fire  are  words  of  the  same 
import ;  relative  Iteat  is  an  epithet  applied  to  the  measured 
effects  of  fire.  Fire  penetrates  all  bodies,  even  the  hardest ; 
and  one  of  its  most  constant  characters  is  a  continual  ten- 
dency to  equilibrium,  or  to  flow  from  a  warmer  to  a  colder 
substance. 

Heat,  considered  as  a  sensation,  or,  in  other  words,  sensible 
heat,  is  only  the  efl'ect  produced  upon  our  organs  by  the  motion 
of  ca/o/-ic,  disengaged  from  the  surrounding  bodies.  In  gene- 
ral we  receive  impressions  only  in  consequence  of  motion,  and 
it  might  be  established  as  an  axiom,  Ihaluilliuut  motion  there  is 
no  sensation.  This  general  principle  applies  very  accurately  to 
the  sensations  of  heat  and  cold.  When  we  touch  a  cold  body, 
the  caloric,  which  always  tends  to  become  in  equilibrio  in  all 
bodies,  passes  from  our  hand  into  the  body  we  touch,\which 
gives  us  the  feeling  or  sensation  of  cold.  The  contrary  happens 
when  we  touch  a  warm  bod>  ;  the  caloric  then,  in  passing  from 
the  body  into  our  hand,  produces  the  sensation  of  heat.  If  the 
hand  and  the  body  touched,  be  of  the  same  temperature,  or 
very  nearly  so,  we  receive  no  impression  either  of  heat  or  cold, 
because  there  is  no  motion  or  passage  of  caloric.  See  Calokic, 
Evaporation,  Heat,  Pyrometer. 

Fire  Arrotc,  a  steel  or  iron  dart  used  by  privateers  and 
pirates,  to  set  fire  to  the  sails  of  the  enemy  in  battle. 

Fire,  Balls  of,  in  Meteorology,  a  kind  of  luminous  bodies, 
generally  appearing  at  a  great  height  above  the  earth,  with  a 
splendour  surpassing  that  of  the  moon  ;  and  sometimes  equal- 
ing her  apparent  size.  They  generally  proceed  in  this  hemi- 
sphere from  north  to  south  with  vast  velocity,  frequently 
breaking  into  several  smaller  ones,  sometimes  vanishing  with 
a  report,  sometimes  not. 

Fire  Ball,  in  the  art  of  War,  a  composition  of  meal-powder, 
sulphur,  saltpetre,  pitch,  &c.,  about  the  bigness  of  a  hand- 
grenade,  coated  over  with  tlax,  and  primed  with  a  slow 
composition  of  a  fusee.  This  is  to  be  thrown  into  the  enemy's 
works  in  the  night-time,  to  discover  where  they  are  :  or  to  fire 
houses,  galleries,  or  blinds  of  the  besiegers  ;  but  they  are  tlien 
armed  with  spikes,  or  hooks  of  iron,  that  they  may  not  roll 
off.  but  stick  or  hang  where  they  are  designed  to  have  any 
efl'ect. 

Fire  Barrels,  used  in  fire-ships,  and  ought  to  be  of  a  cylin- 
drical form,  as  best  adapted  to  contain  the  reeds  with  which 
they  are  filled,  and  more  convenient  for  stowing  them  between 
the  troughs  in  the  fire-room.  Their  inside  diameters  should 
not  be  less  than  21  inches,  and  3(1  inches  are  sullicient  for  their 
length.  The  bottom  parts  are  first  well  stowed  with  short 
double-dipped  reeds  placed  upright,  and  the  remaining 
vacancy  is  filled  with  fire-brand  composition,  well  mixed  and 
melted,  and  then  poured  over  them.  The  composition  used 
for  this  purpose  is  a  mass  of  sulphur,  pilch,  tar,  and  tallow. 
There  are  five  holes  of  3-4  inch  in  diameter,  and  three  inches 
deep,  formed  in  the  top  of  the  composition  while  it  is  yet 
warm;  one  being  in  the  centre,  and  the  otlier  four  at  equal 
distances  round  the  sides  of  the  barrel.  When  the  composition 
is  cold  and  hard,  the  barrel  is  primed  by  filling  those  holes 
with  fuze  composition,  which  is  firmly  driven  into  them  so  as 
to  leave  a  little  vacancy  at  the  top  to  admit  a  strand  of  quick- 
match  twice  doubled.  The  centre  hole  contains  two  strands 
at  their  whole  length,  and  every  strand  must  be  driven  home 
with  mealed  powder.  The  loose  ends  of  the  quick-match  being 
then  laid  within  the  barrel,  the  whole  is  covered  with  a  dipped 
curtain,  fastened  on  with  a  hoop  thst  slips  over  the  head  of 
the  barrel  to  which  it  is  nailed.  The  barrels  should  be  made 
very  jlrong,  not  only  to  support  the  weight  of  the  composition 
before  firing,  when  they  are  moved  or  carried  from  place  to  place, 
but  to  1  eep  them  together  whilst  burning  :  for  if  the  staves  are 
too  light  and  thin,  so  as  to  burn  very  soon,  the  remaining  compo- 
sition will  tumble  out  and  be  dissipated,  and  the  intention  of 
the  barrels  to  carry  the  flame  aloft,  will  accordingly  be  frus- 


trated. The  curtain  is  a  piece  of  canvass,  nearly  a  yaid  m 
breadth  and  length,  thickened  with  melted  composition,  and 
covered  with  saw-dust  on  both  sides. 

Fire  in  Chimneys,  mvthoil of  Extinyuishint).  It  is  well  known, 
that  the  inner  parts  of  chimneys  easily  take  Are;  the  soot  that 
kindles  therein,  emits  a  greater  flame,  according  as  the  funnel 
is  more  elevated,  because  the  current  of  air  feeds  the  fire.  It 
this  current  could  therefore  be  suppressed,  the  fire  would  soon 
be  extinguished.  The  surest  and  readiest  method  is,  to  apply 
a  wet  blanket  to  the  throat  of  the  chimney,  or  over  the  whole 
front  of  the  fire-place.  If  there  happens  to  be  a  chimney-board, 
or  a  register,  apply  the  same  immediately;  and  having,  by  that 
means,  stopped  the  draught  of  air  from  below,  the  burning  soot 
will  be  put  out  as  completely  as  a  candle  is  put  out  by  an 
extiuguisher,  which  acts  exactly  upon  the  same  principle. 

Fire  Cocks.  The  churchwardens  in  London,  and  within 
the  bills  of  mortality,  are  to  fix  fire  cocks  at  proper  distances 
in  streets,  and  keep  a  large  engine  and  hand-engine  for 
extinguishing  fire,  under  a  penalty  of  £10.  stat.  6.  Ann.  c.  31. 

Fire  Enyine,  is  the  name  commonly  given  to  a  machine,  by 
which  water  is  thrown  upon  fires  in  order  to  extinguish  them. 
Various  machines  have,  at  difl'erent  times,  been  contrived  for 
this  purpose  ;  but  the  most  essential  particulars  in  a  few  of 
them  we  can  only  here  describe.  The  usual  construction  of 
the  fire-engine,  after  the  improvements  were  made  in  it  by 
Newsham,  was  nearly  that  which  is  exhibited  in  the  annexed 

figure,  and  which  represents  a 
vertical  section  of  the  engine, 
w  hich  is  in  fact  but  tw  o  forcing 
pumps  communicating  with  a 
large  air  vessel.  The  motion 
of  the  water  is  efl'ected  by  the 
pressure  of  the  atmosphere, 
the  force  of  men  acting  upon 
the  extremities  H',  H",  of  a 
lever,  and  thence  giving  mo- 
tion tC'  the  pistons  S  and  R, 
and  by  the  elasticity  of  con- 
densed air,  in  the  following 
manner: — When  the  piston  K 
is  raised,  a  vacuum  would  be 
made  in  the  barrel  T  U,  if  the 
water  did  not  follow  the  piston  R,  from  the  inferior  canal  E  M, 
(through  the  valve  H,)  which  rises  through  the  tube  E  F,  im- 
mersed in  the  water  of  a  vessel  by  the  pressure  of  the  atmo- 
sphere on  its  surface.  The  water  of  the  barrel  TU,  by  the 
succeeding  depression  of  the  piston  R,  shuts  the  valve  H,  and 
is  forced,  through  the  superior  canal  O  N,  to  enter  by  the  valve 
I,  into  the  air-vessel  abed;  and  the  like  being  done  allernately 
by  the  other  barrel  W  X,  and  its  piston  S,  the  air-vessel  is,  by 
these  means,  continually  filling  with  water,  which  compresses 
the  air  on  the  surface  of  the  water  in  that  vessel,  and  propor- 
tionally augments  its  spring  ;  which  at  length  is  so  far  increased 
as  to  re-act  with  great  force  on  the  surface  YZ  of  the  sub- 
jacent water,  and  compel  it  to  ascend  through  the  small  tube 
ef  to  the  stop-cock  p g,  where  upon  turning  the  cock;)  the  water 
is  suffered  to  pass  through  a  pipe  h  fixed  to  a  ball  and  socket; 
from  the  orifice  of  which  it  issues  with  a  great  velocity,  in  a 
continued  stream,  to  a  considerable  height  or  distance ;  and 
it  is  usually  kept  from  diverging  too  soon  in  its  progress  by 
means  of  a  long  series  of  flexible  leather  pipes,  properly 
joined  together,  and  known  among  the  firemen  by  the  name  of 
the  hose. 

Newsham  contrived  his  engines  in  such  a  manner,  that  part 
of  the  men  who  work  them  e.xert  their  force  by  treading,  which 
is  more  effectual  than  any  other  way  that  men  can  work  at 
such  engines  ;  the  w  hole  weight  of  the  body  being  sulBciently 
thrown  on  the  forces  of  the  pumps  ;  and  even  part  of  a  man's 
strength  may  be  added  to  the  weight  by  means  of  horizontal 
pieces,  to  which  he  can  apply  his  hands  when  he  is  treading ; 
whereas,  by  applying  the  hands  to  move  levers  or  turn  winches, 
the  power  must  act  very  unequally.  This  is  the  reason  why 
with  the  same  number  of  men  he  has  generally  thrown  water 
further,  higher,  and  in  greater  quantities,  with  the  same  sized 
engines,  than  other  engineers  who  have  tried  their  engines 
against    his.      Yet   the  combination   of    human   weight   and 
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strength  here  recommended  has  rarely  been  practised  in  any 
subsequent  fire-engines,  or  indeed  in  any  machines  whatever, 
except  the  ingenious  walking  crane  of  Hardie. 

The  chief  artifice  in  the  engine  according  to  the  construction 
just  described,  is  the  contrivance  to  produce  a  continual  slre/im, 
which  is  done  by  the  compression  and  proportional  elasticity 
of  air  in  the  barrel  a  4  erf,  called  the  air-vessel.  For  the  air. 
being  an  elastic  fluid,  will  be  susceptible  of  compression  in  any 
degree  by  the  water  forced  in  through  the  valves  at  I,K;  and 
since  the  force  of  the  air's  spring  will  always  be  inversely  as 
the  space  it  possesses,  it  follows  that  when  the  air-vessel  is  half 
full  of  water,  the  air  will  be  compressed  into  half  the  space  it 
possessed  at  first,  and  therefore  its  spring  will  be  twiie  as 
great  as  at  first.  But  this  spring  at  first  was  ecpial  to  the 
pressure  of  the  atmosphere  on  the  same  surface  ;  for  if  it  were 
not,  it  could  not  have  sustained  or  resisted  the  pressure  of  the 
atmosphere  which  stood  over  it,  and  consequently  could  not 
have  filled  the  vessel  before  the  water  was  driven  in,  which  yet 
we  find  it  did,  and  maintained  an  equililirinm  with  the  common 
air.  The  vessel  then  being  half  filled  with  water,  or  the  air 
compressed  into  half  the  first  space,  its  spring  will  in  this  ease 
be  equal  to  twice  the  pressure  of  the  atmosphere  ;  and  there- 
fore when  the  stop-cock  at  ;>  is  turned,  the  air  within,  pressing 
on  the  subjacent  water  with  twice  the  force  it  meets  with  from 
the  external  air  in  the  pipe  ef,  will  cause  the  water  to  spout 
out  of  the  engine  to  the  height  of  32  or  ,33  feet,  if  the  friction  is 
not  too  great. 

When  the  air-vessel  is  two-thirds  full  of  water,  the  air  takes 
up  one-third  part,  whence  its  spring  will  be  three  times  as  great 
as  that  of  the  common  air,  and  it  will  project  the  water  with 
twice  the  common  atmospheric  pressure,  consequently  it  will 
rise  to  the  height  of62  or  04  feet.  When  the  air-vessel  is  three- 
fourths  full  of  water,  the  air  will  be  compressed  into  its  one- 
fourth  part,  and  so  will  protrude  the  water  with  three  times  the 
atmospheric  pressure,  and  carry  it  to  the  height  of  96  or  99 
feet. — Dr.  Gregory's  Mech. 

Various  alterations  and  improvements  have  been  made  from 
time  to  time  in  the  construction  of  lire-engines,  by  Braniah. 
Dickenson,  Simpkin,  Rowntree,  and  Phillips,  who  have  secured 
their  inventions  from  infringement  by  patents.  Of  Furst's 
engine  for  extinguishing  fires,  the  following  is  a  short  descrip- 
tion: — From  a  platform  rises  an  upright  pole  or  mast,  of  such 
height  as  may  be  judged  necessary  ;  a  gaft  slides  upon  it  in  an 
ascending  direction,  and  along  both  is  conveyed  the  leather 
hose  from  the  engine.  The  branch  or  nose-pipe  of  the  engine 
projects  at  the  extremity  of  the  gaft;  towards  which  an  iron 
frame  is  fixed,  whence  two  chains  are  suspended  ;  and  from 
these  hang  ropes,  which  serve  to  give  an  horizontal  direction  to 
the  branch ;  while  other  ropes,  that  run  through  proper  pulleys, 
and  are  thus  conveyed  down  the  mast,  serve  likewise  to  com- 
municate a  vertical  motion  to  it.  By  these  means,  the  branch 
or  nose-pipe  of  the  engine  is  conducted  into  the  window  of  any 
room  where  the  fire  more  immediately  rages  ;  and  the  effect  of 
the  water  discharged  is  applied  in  the  most  elBcacious  manner 
to  the  extinguishing  of  the  flames. 

A  cheap  and  simple  fire-engine  is  that  invented  in  America 
by  Ben.  Dearborn,  of  which  the  following  arc  the  particulars  : 
A  B  and  C  I),  in  the  figure,  are  the  edges  of  two  planks,  con- 
finedby4bolts; 

ab  and  cd  are  9^_^f 

two  cylindrical 
barrels,  in  each 
of  which  a  pis- 
ion,  wilb  a  valve, 
is  fastened  to 
♦he  speare,and  3- 
is  moved  up 
and  down  alter- 
nately by  the 
motion  of  the 
arms  £  B.  Be- 
neath each  bar- 
rel a  hole  is 
made    through 

the  plank  A  B,  which  is  covered  with  a  valvr.     The  arms  E  B 
are  suspended  on  the  common  centre  / ;  there  arc  also  arms 
33. 


parallel  to  these  on  the  opposite  side  :  gij  are  the  ends  of 
handles  which  are  f'iistened  across  the  ends  of  the  arms.  At  A 
a  bolt  goes  across  from  arm  to  arm,  to  which  the  piece  ih  is 
adixed,  and  on  which  it  plays:  the  lower  end  of  this  piece  is 
fastened  to  the  top  of  the  spear  e.  G  //is  a  standard  for  the 
purpose  of  supporting  the  arms,  to  which  there  is  a  correspon- 
dent one  on  the  opposite  side  ;  both  are  notched  into  the  edges 
of  the  planks,  where  they  are  secured  by  a  bolt,  which  passes 
through  them  at  /,  and  has  a  nut  or  fore-lock  on  the  opposite 
side.  H  I,  H  I,  are  square  braces,  answering  the  purpose  of 
duets,  through  which  the  water  ascends  from  the  barrels, 
passing  throu}>h  the  plank  at  m.  K  L,  K  L,  are  irons  in  the 
form  of  a  staple,  in  order  to  confine  the  braces  :  the  lower 
ends  of  these  irons  meet,  and  are  secured  by  a  bolt  passing 
through  them,  and  M  N  n  o,  which  is  a  piece  that  goes  up 
through  a  mortise  in  the  centre  of  the  planks.  This  piece  is 
sipiare  from  the  lower  end,  till  it  reaches  the  top  of  the  braces, 
whence  they  become  cjlindrical  to  the  top,  the  upper  end 
being  perforated  siifliciently  low  down,  in  order  to  communicate 
with  the  braces.  O  I'  is  an  iron  ring  that  surrounds  the  tube, 
and  has  two  shanks  which  ascend  through  the  head,  which 
screws  on  the  top  at  pq  ;  rs  is  a  ferule  nailed  round  the  tube. 
The  annexed  figure  is  the  same  en- 
gine ;  the  arms  and  standards  being 
taken  off,  in  order  to  delineate  more 
clearly  the  mode  of  securing  the 
braces ;  an  object  which  is  com- 
pletely effected  by  a  wedge  driven 
into  the  mortise  n  ;  beneath  the  up- 
per plank  6  is  a  hole  for  admitting 
a  passage  to  the  bolt,  which  secures 
the  standards.  In  this  figure  a  side 
view  of  the  head  is  given,  with  the 
pipe  in  a  perpendicular  direction. 
The  machine  is  confined  within  a 
box,  set  on  wheels,  as  in  the  com- 
mon fire-engines.  The  whole  is 
made  of  wood,  excepting  the  spears 
of  the  pumps,  and  a  few  bolts,  &c. 
The  advanla;;rs  (jI  lliis  machine  are,  that  it  can  be  made  in  any 
place  where  common  pumps  are  manufactured ;  tliat  the 
interior  work  will  not  exceed  one-fourth  of  the  price  of  those 
which  are  constructed  on  the  usual  plan  ;  and  that  they  are 
incomparably  more  easy  to  work  than  the  common  ones  ;  cir- 
cumstances which  strongly  recommend  the  American  fire- 
engine  to  the  attention  of  the  public. — Gregory's  Median. 

FiRK-Escape,  a  machine  for  removing  persons  from  the 
upper  stories  of  houses  on  fire,  consists  of  a  pole,  a  rope,  and 
a  basket.  The  pole  is  of  fir,  or  a  common  scaffold  pole,  of  any 
convenient  length,  from  3Gto  4G  feet.  The  diameter  at  bottom, 
or  greatest  end,  about  five  inches  ;  and  at  the  top,  or  smallest 
end,  about  three  inches.  At  three  feet  from  the  top  is  a  mor- 
tise through  the  pole,  and  a  pulley  fixed  to  it  of  nearly  the 
same  diameter  with  the  pole  in  that  part.  The  rope  is  about 
thrt  e-quarters  of  an  inch  diameter,  and  twice  the  length  of  the 
pole,  with  a  spring-hook  at  one  end,  to  pass  through  the  ring 
in  the  handle  of  the  basket  when  used:  it  is  put  through  the 
mortise  over  the  pulley,  and  then  drawn  light  on  eac-h  side  to 
near  the  bottom  of  the  pole,  and  made  fast  there  till  wanted. 
The  basket  should  be  of  strong  wicUcr-work,  three  feet  and  a 
half  long,  two  feet  and  a  half  w  ide,  rounded  off  at  the  corners, 
and  four  feet  deep,  rounding  every  way  at  the  bottom.  To  the 
top  of  the  basket  is  fixed  a  strong  iron  curve  or  handle,  with 
an  eye  or  ring  in  the  middle  ;  and  to  one  side  of  the  basket, 
near  the  top,  is  fixed  a  small  cord,  or  guide-rope,  of  about  the 
length  of  the  pole.  When  the  pole  is  raised,  and  set  against  a 
house  over  the  window  from  which  any  persons  are  to  escape, 
the  manner  of  using  it  is  so  plain  and  obvious,  that  it  need  not 
be  described.  The  most  convenient  distance  from  the  house 
for  the  foot  of  the  pole  to  stand,  where  practicable,  is  about  12 
or  It  feet.  If  two  strong  iron  straps,  about  three  feet  long, 
riveted  to  a  bar  cross,  and  spreading  about  11  inches  at  the 
foot,  were  fixed  at  the  bottom  of  the  pole,  this  would  prevent 
its  turning  round  or  slipping  on  the  pavement  :  and  if  a  strong 
iron  hoop,  or  ferule,  riveted  (or  welded)  to  a  semicircular  piece 
o''  iron  spreading  about  12  inches,  and  pointed  at  tlie  cuds, 
4k 
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were  fixed  on  at  the  top  of  the  pole,  it  would  prevent  its 
sliding  against  the  wall.  When  these  two  last-mentioned  irons 
are  fixed  on,  they  give  the  pole  all  the  steadiness  of  a  ladder; 
and  because  it  is  not  easy,  except  to  persons  who  have  been 
used  to  it,  to  raise  and  set  upright  a  pole  of  40  feet  or  more  in 
length,  it  will  be  convenient  to  have  two  small  poles  or  spars 
of  about  two  inches  diameter,  fixed  to  the  sides  of  the  great 
pole  at  about  two  or  three  feet  above  the  middle  of  it,  by  iron 
eyes  riveted  to  two  plates,  so  as  to  turn  every  way  ;  the  lower 
end  of  these  spars  to  reach  within  a  foot  of  the  bottom  of  the 
great  pole,  and  to  have  ferules  and  short  spikes  to  prevent 
sliding  on  tlie  pavement,  when  used  occasionally  to  support 
the  great  pole  like  a  tripod.  There  should  be  two  strong  ash 
trundles  let  through  the  pole,  one  at  four  feet  and  one  at  five 
feet  from  the  bottom,  to  stand  out  about  eight  inches  on  each 
side,  and  to  serve  as  handles,  or  to  twist  the  rope  round  in 
lowering  a  very  heavy  weight.  If  a  block  and  pulley  were 
fixed  at  about  the  middle  of  the  rope,  above  the  other  pulley, 
and  the  other  part  of  the  rope  made  to  run  double,  it  would 
diminish  any  weight  in  the  basket  nearly  one-half,  and  be  very 
useful  in  drawing  any  person  up  to  the  assistance  of  those  in 
the  chambers,  or  for  removing  any  effects  out  of  a  chamber, 
which  it  might  be  dangerous  to  attempt  by  the  stairs. 

It  has  been  proved,  by  repeated  trials,  that  stich  a  pole  as 
we  have  been  speaking  of  can  be  raised  from  the  ground,  and 
two  or  three  persons  taken  out  of  the  upper  windows  of  a 
house,  and  set  down  safely  in  the  street,  in  the  space  of  35 
seconds,  or  a  little  more  than  half  a  minute.  Sick  and  infirm 
persons,  women,  children,  and  many  others,  who  cannot  make 
use  of  a  ladder,  may  be  safely  and  easily  brought  down  from 
any  of  the  windows  of  the  house  on  fire  by  this  machine,  and 
by  putting  a  short  pole  through  the  handles  of  the  basket,  may 
be  removed  to  any  distance  without  being  taken  out  of  the 
basket.  The  pole  must  always  have  the  rope  ready  fixed  to  it, 
and  may  be  conveniently  laid  up  upon  two  or  three  iron  hooks 
under  any  shade  or  gateway,  and  the  basket  should  be  kept  at 
the  watch-house.  When  the  pole  is  laid  up,  the  two  spars 
should  always  be  turned  towards  the  head  of  it.  The  basket 
should  be  made  of  peeled  rods,  and  the  pole  and  spars  painted 
of  a  light  stone-colour,  to  render  it  more  visible  when  used  in 
the  night. 

The  fire-escape,  exhibited  in  figure  A  has  the  advantages  of 
expedition  and  security.  It  consists  of  a  long  canvass  cr;ulK , 
attached  to  a 
.species  of  lad- 
der work,  not 
unlike  the  shruuds 

of  a  ship,  and 
yet  so  compact 
as  to  occupy  but 
a  small  space  in 
the  buffette  of 
the  window,  where 

it  can  be  pack- 
ed up  in  a  case 
of  wood,  which 
may  represent 
any  piece  of 
furniture.     The 

whole  is  very  securely  fixed  inside  of  the  window-sill,  and  on 
an  alarm  of  fire  being  given,  the  lowering  end  may  be  thrown 
out  into  the  street,  where  it  will  soon  be  laid  hold  of  by  some 
persons,  and  brought  into  the  slide  or  declivity  shewn  in  the 
figure.  A  child  may  then  be  dropped  into  the  cradle  or 
channel,  and  will  slide  into  the  arms  of  a  person  below,  with- 
out any  injury,  or  risk  of  any.  This  article  is  manufactured 
by  H.  Ropers,  10,  King-street,  West  Smithfield. 

Davis's  FlUE  Escape.  This  fire-escape  is  calculated  for  the 
use  of  a  parish,  and  is  admirably  adapted  to  the  very  important 
end  the  inventor  of  it  proposed  to  accomplish.  It  principally 
consists  of  three  ladders.  A,  B,  C,  as  in  the  following  figure, 
applied  to  each  other  by  four  clasp-irons  on  the  lop  of  each  of 
the  two  lowermost,  which  are  so  contrived,  that  each  ladder 
may  slide  into  the  one  beneath  it.  On  the  top  of  the  lower- 
most ladder  A,  two  pulleys  are  fixed  on  the  inside,  over  which 
two  ropes  a  a  pass,  and  are  situated  between  the  lower  one  A, 


and  the  middle  one  B.  The  ropes  are  made  fast  to  tlie  bottom 
of  the  middle  one,  on  each  side,  in  a  proper  direction  with  the 
pullcvs  on  the  top.  The  uppermost  ladder  C,  is  attached  to 
the  middle  one  in  the  same  manner,  and  on  the  top  of  it  carries 
two  horn  pieces  D,  made  of  iron,  and  turned  oH  at  each  end, 

similar  to  2  horns, 
which  are  four  feet 
wide ;  their  ends 
are  sharp,  to  pitch 
on  each  side  of  a 
window,  and  with 
their  points  to  hold 
the  ladders  steady. 
The  three  ladders, 
when  .shut  down, 
are  about  15  feet  in 
height.  They  are 
placed  v>erpendi- 
cularly  In  the  mid- 
dle of  a  framed  car- 
riage EF,  of  9  feet 
6  inches  long,  and 
6 feet  6 inches  wide, 
mounted  upon  four 
wheels,  F.  On  each 
side  of  the  carriage 
a  windlass  is  af- 
fixed ;  that  marked 
G,  on  the  right  side 
of  the  carriage,  is 
for  the  four  ropes, 
a  a,  and  bb,  fixed 
two  to  each  ladder 
A  B.  By  turning 
this  windlass,  the 
ladders  may  be 
wound  out  from  their  standing  height  of  fifteen  feet,  to  forty. 
Over  this  windlass  is  a  screw,  turned  by  the  winch  d,  by  turning 
which  the  ladders  may  be  inclined  against  the  house,  with  all 
imaginable  ease.  On  the  top  of  the  upper  ladder  C,  on  the 
outside,  are  two  pulleys,  over  which  two  chains  are  conducted 
to  the  windlass  H,  on  the  left  side,  for  (he  purpose  of  carrying 
up  a  box  I.  Two  boxes  of  this  description  travel  with  the  fire- 
escape,  so  that  in  the  event  of  one  being  filled  with  small 
valuables,  it  may  be  unhooked,  and  the  other,  K,  put  on,  which 
w'M  save  time.  The  whole  of  this  apparatus  may  be  drawn  by 
one  horse,  or  six  men,  and  when  arrived  at  the  scene  of  danger, 
may  be  adjusted  in  two  minutes.  If  every  parish  were  provided 
with  it,  and  kept  it  where  it  might  be  brought  out  without 
delay,  there  cannot  be  a  doubt,  that  many  of  the  serious  acci- 
dents occasioned  by  fires  would  be  prevenled.  The  key  of 
access  to  the  machine  should  be  kept  at  some  well-known 
place,  and  the  machine  should  be  brought  out  at  the  first  alarm 
of  fire,  as  it  offers  the  ready  means  of  either  ascent  or  descent, 
and  possesses  great  superiority  over  any  common  or  parish 
ladder,  which  is  useless,  or  next  to  useless,  unless  it  acciden- 
tally happens  to  be  of  the  right  height. 

A  method  equal  to  the  foregoing,  as  far  as  facility  of  escape 
is  concerned,  may  be  adopted  by  framing  two  sides  of  a  ladder 
similar  to  a  fishing  rod  ;  the  whole  consisting  of  an  indefinite 
number  of  pieces  of  light  tough  wood,  so  fitted  as  to  screw  the 
end  of  one  into  the  socket  of  the  other.  The  upper  end  pieces 
having  hooks  fixed  on  them,  will  enable  the  inmates  to  fix  the 
ladder  in  the  sill  of  a  window,  and  the  lower  end  may  be  kept 
steady  by  persons  below,  and  free  from  the  danger.  But  after 
all  the  methods  that  might  be  given,  the  misfortune  is,  that  in 
the  greater  number  of  such  calamities,  escape  has  seldom  been 
eflVcted  by  .such  artificial  means. 

Fire-/7/m,  a  species  of  flies  common  in  America,  of  which 
there  arc  two  species.  The  largest  is  more  than  an  inch  in 
length,  it  has  two  feelers,  two  wings,  and  six  logs.  Under  its 
belly  is  a  circular  patch,  which,  in  the  dark,  shines  like  a  can- 
dle;  and  on  each  side  of  the  head,  near  the  eyes,  is  a  promi- 
nent, glol)ular,  luminous  body,  in  size  about  one-third  larger 
than  a  niustard-secd.  Each  of  these  bodies  is  like  a  living 
star,  emitting  a  bright,  and  nut  small  light ;  since  two  or  three 
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of  these  animals,  put  into  a  glass  vessel,  afTord  a  lipht  suffi- 
cient to  read  by  without  difficulty,  if  placed  close  to  the  hook. 
When  the  fly  is  dead,  these  bodies  will  still  afford  considerable 
light,  tliough  less  vivid  than  before  ;  and  if  bruised,  and  rubbed 
over  the  hands  or  face,  they  become  luminous  in  the  dark,  like 
a  board  smeared  over  with  English  phosphorus.  The  other 
kind  is  not  more  than  half  as  large  as  the  former:  their  light 
proceeds  from  under  their  wings,  and  is  seen  only  when  tliey 
are  elevated,  like  sparks  of  fire,  appearing  or  disappearing  at 
every  second. 

FiiiE-Place.  Economical  fire-places  should  be  constructed 
on  the  following  principles:  1.  To  place  the  grate  as  near  the 
floor  as  may  be.  2.  To  bring  it  as  forward  as  may  be,  con- 
sistently with  the  proper  situation  of  the  flue  of  the  chimney, 
which  ought  to  be  directly  over  the  fire,  and  not  larger  than 
sufficient  to  give  free  passage  at  all  times  to  the  smoke.  3  The 
mantle-piece  should  be  as  low  as  possible,  without  suffering 
from  the  heat,  or  obstructing  the  proper  radiation  of  it  into  the 
room.  By  these  means,  a  much  greater  volume  of  heated  air 
is  retained  in  a  room  of  equal  size,  than  by  high  grates  and 
large  openings. 

Fire  Ship,  a  vessel  filled  with  combustible  materials,  and 
fitted  with  grappling-irons,  to  hook  and  set  fire  to  the  enemy's 
ships.  Some  English  vessels,  filled  with  combustible  matter, 
and  sent  among  the  Spanish  ships  composing  the  Invincible 
Armada,  in  1588,  are  said  to  have  given  rise  to  the  terrible 
invention  of  fire-ships.  However,  Livy  informs  us,  that  the 
Rhodians  had  invented  a  kind  of  fire-ships,  which  were  used  in 
junction  with  the  Roman  fleet  in  (heir  engagements  with  the 
Syrians,  in  the  year  before  Christ  190.  Cauldrons  of  combus- 
tible and  burning  materials  were  hung  out  at  their  prows,  so 
that  none  of  the  enemy's  ships  durst  approach  them  ;  these  fell 
on  the  enemy's  galleys,  stuck  their  beaks  into  them,  and  at 
the  same  time  set  them  on  fire.  As  there  is  nothing  peculiar 
in  the  construction  of  a  modern  fire-ship,  except  the  apparatus 
by  which  the  fire  is  instantly  conveyed  from  one  part  to 
another,  and  from  thence  to  the  enemy,  it  will  be  sufficient  to 
describe  the  fire-room  in  which  the  combustibles  are  enclosed, 
together  with  the  instruments  necessary  to  grapple  the  ship 
intended  to  be  destroyed. 

The  fire-room  is  built  between  decks,  and  extends  from  the 
bulk-head  at  the  forecastle  to  a  bulk-head  raised  behind  the 
main  mast.  The  train  enclosed  in  this  apartment  is  contained 
in  a  number  of  wooden  troughs,  which  intersect  each  other  in 
different  parts  of  the  ship's  length,  being  supported  at  proper 
distances  by  cross-pieces  and  stanchions.  On  each  side  of 
the  ship  are  six  or  seven  ports  about  eighteen  inches  broad, 
and  fifteen  inches  high,  and  having  llieir  lids  to  open  down- 
ward, contrary  to  the  usual  nietliod.  Against  every  port  is 
placed  an  iron  chamber.  These  iron  chambers  arc  ten  inches 
Jong  and  |  in  diameter.  They  are  breeched  against  a  piece 
of  wood  fixed  across  the  ports,  and  let  into  another  a  little 
higher.  When  loaded,  they  are  almost  tilled  w  ith  cornpowder, 
and  have  a  wooden  tompion  well  driven  into  their  muzzles. 
They  are  primed  with  a  small  piece  of  quick-match  thrust 
through  their  vents  into  the  powder,  with  a  part  of  It  hanging 
out.  When  the  ports  are  lilown  open  by  means  of  the  iron 
chambers,  the  port-lids  either  fall  downwards,  or  are  carried 
away  by  the  explosion.  At  the  time  of  firing  the  .ship,  the 
iron  chamber  blows  out  the  port-lid,  and  opens  a  passage  for 
the  flame.  Immediately  under  the  main  and  fore-shrouds  is 
fixed  a  wooden  funnel,  whose  lower  end  conmiunicates  with  a 
fire-barrel,  (see  the  article  Fire-karrkls,)  by  which  the  flame 
passing  through  the  funnel  is  conducted  to  the  shrouds. 
Between  the  funnels,  which  are  likewise  called  fire-trunks,  arc 
two  scuttles,  or  small  holes,  in  the  upper  deck,  serving  also  to 
let  out  the  flames.  Both  funnels  must  be  stopped  with  plugs, 
and  have  sail-cloth  or  canvass  nailed  close  over  them,  to  prevent 
any  accident  Iiappening  from  above  to  the  combustibles  laid 
below.  The  ports,  funnels,  and  scuttles,  not  only  couununicate 
the  flames  to  the  outside  and  upper-works  of  the  ship,  and  her 
rigging,  but  likewise  open  a  passage  for  the  inward  air  ron- 
fined  in  the  (irc-rooin,  which  is  thereby  expanded  so  as  to 
force  impetuously  through  those  outlets,  and  prevent  the  blow- 
ing up  of  the  decks,  which  must  of  necessity  happen  from  such 
sudden  and  violent  refraction  of  the  air  as  will  then  be  pro- 


duced. On  each  side  of  the  bulk-head  behind,  is  cut  a  hole  oi 
suflicient  size  to  admit  a  trough  of  the  same  dimensions  as  the 
others.  A  leading  trough,  whose  foremost  end  communicates 
with  another  trough  within  the  fire-room,  is  laid  close  to  this 
opening,  from  whence  it  extends  obliquely  to  a  sally-port  cut 
in  the  ship's  side.  The  decks  and  troughs  are  well  covered 
with  melted  rosin.  At  the  time  of  firing  either  of  the  leading 
troughs,  the  flame  is  immediately  conveyed  to  the  opposite 
side  of  the  ship,  whereby  both  sides  burn  together. 

The  lieutenant's  cabin  is  on  the  starboard-side,  and  the 
master's  cabin  on  the  larboard  ;  the  captain's  cabin  is  sepa- 
rated from  these  by  the  bulk-head.  The  stores  for  a  fire-ship 
of  150  tons  are — 


8  Fire-barrels. 
12  Iron  chambers 
209  Bavins,  single  dipped. 
24  Port-fires. 

3i   Priming  composition  bar- 
els 


1  Quick-match  barrel. 
30  Dipped  curtains. 
l.iO  Long  reeds,  single  dipped. 
75  Short  reeds,  single  dipped. 
75  Shortreeds.doubledipped. 
CO  Hand  grenadoes. 


The  quantity  of  composition  for  preparing  the  stores  of  a 
fire-ship  is  exhibited  in  the  following  statement: 

For  8  barrels.— Corn-powder,  9fi0lbs.  ;  pitch,  480  ;  tallow,  80. 

For  3i  barrels,  priming  composition. — Saltpetre,  175  lbs.  ; 
sulphur,  140;  corn-powder,  350 ;   rosin,  21  ;   oil,  llpts. 

For  the  curtains,  bavins,  and  reeds  for  the  ship,  and  sulphur 
for  salting  them. — Sulphur,  2001bs. ;  pitch,  350;  rosin,  175; 
tallow,  M;  tar,  2o. 

Total. — Saltpetre,  175 lbs. ;  sulphur,  340  lbs. ;  corn-powder, 
1310  lbs. ;  pitch,  830  lbs. ;  rosin,  196  lbs. ;  tallow,  130  lbs.  ;  tar, 
25  lbs.;  oil,  llpts. 

For  reeds  for  the  barrels,  160  lbs.  being  one-fifth  of  the  whole 
of  the  last  article. 

The  reeds  are  made  up  in  small  bundles  of  about  a  foot  in 
circumference,  cut  even  at  both  ends,  and  tied  together  in  two 
places.  They  are  distinguished  into  two  kinds,  viz.  the  long 
and  short  ;  the  former  of  which  are  four  feet,  and  the  latter  two 
feet  five  inches  in  length.  One  part  of  them  are  singly  dipped, 
i.  e.  at  one  end  ;  the  rest  arc  dipped  at  both  ends  in  a  kettle  of 
melted  composition,  and  being  immersed  about  seven  or  eight 
inches  in  this  pre[)aration  and  then  drained,  they  are  sprinkled 
over  with  pulverized  sulphur  upon  a  tanned  hide. 

The  bavins  are  made  of  birch,  heath,  or  other  brushwood, 
which  is  tough  and  readily  kindled.  They  are  usually  two  or 
three  feet  in  length,  and  have  all  their  bushways  lying  one  way, 
the  other  ends  being  tied  together  w  ith  small  cords.  They  are 
dipped  in  composition  at  the  bush  ends,  whose  branches  are 
afterwards  confined  by  the  hand,  to  prevent  them  from  break- 
ing off  by  moving  about ;  and  also  to  make  them  burn  more 
fiercely.  After  being  dipped  in  the  same  manner  as  the  reeds, 
they  are  also  sprinkled  with  sidphur. 

Quick-match  is  formed  of  three  strands,  drawn  into  length, 
and  dipped  into  a  boiling  composition  of  white-ivine-vincgar, 
saltpetre,  and  meal  or  corn  powiler.  After  this  immersion  it  is 
taken  out  hot  and  laid  in  a  trough,  where  some  mealed  pow- 
der, moistened  with  spirits  of  wine,  is  thoroughly  incorporated 
with  the  twists  of  the  cotton,  by  rolling  it  about  therein.  Thus 
prepared  they  arc  taken  separately  and  drawn  through  mealed 
powder,  then  hung  upon  a  line  till  dried,  by  which  they  are  fit 
for  inimeiiiate  service. 

Port-fires  are  freipicntly  used  by  the  artillery-men  in  pre- 
ference to  matches,  to  set  fire  to  the  powder  or  composition. 
They  are  distinguished  into  wet  and  dry  port-fires.  The  com- 
position of  the  former  is  saltpetre  four,  sulphur  one,  and  mcaltd 
powder  four.  When  these  materials  are  tliori^us;hly  mixed 
and  sifted,  the  whole  is  to  be  moistened  with  a  little  linseed 
oil,  and  rubbed  between  the  hands  till  the  oil  is  imbibed  by 
the  composition.  The  preparation  for  dry  |)ort-fires  is  salt- 
petre four,  sidphur  one,  mealed  powder  two,  and  antimony 
one.  These  compositions  are  driven  into  small  paper  cases, 
to  be  used  whenever  necessary. 

Four  of  the  eight  fire  barrels  (according  to  the  stores  men- 
tioned above  for  a  fire-ship  of  1.50  Ions)  arc  placed  under  the 
four  fire-trunks,  and  the  other  four  between  them,  two  on  each 
side  of  the  fire-scuttles,  where  llicy  are  securely  cleated  to  (lie 
deck.  The  longest  reeds  are  put  into  the  fore  and  aft  Irouglis 
and   tied   down;   the  shortest  reeds  are  laid  io   the  troughs 
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atliwart,  and  tied  down  also.  Tlie  bavins,  dipped  at  one  end, 
are  lied  last  to  tlie  trouo;lis  over  the  reeds,  and  tlie  curtains 
are  nailed  up  to  the  beams  in  equal  quantities  on  eacii  side  of 
the  tire  room.  The  remainder  of  the  reeds  are  placed  in  a 
position  nearly  uprifjlit,  at  all  the  angles  of  every  square  in  the 
lire-room,  antl  there  laid  do«u.  If  any  reeds  are  left,  they  are 
to  be  put  round  the  fire-barrels  and  other  vacant  places,  and 
there  tied  fast. 

Iiistructio7is  to  Prime.— Take  up  all  your  reeds,  one  after 
another,  and  strew  a  little  composition  at  ihe  bottom  of  all  the 
troughs  under  the  reeds,  and  then  tie  them  gently  down  again: 
next  strew  composition  upon  the  upper  part  of  the  reeds 
throughout  the  lire-room,  and  upon  the  said  composition  lay 
double  quick-match  upon  all  the  reeds  in  all  the  troughs:  the 
remainder  of  the  composition  strew  over  all  the  fire-room,  and 
then  lay  your  bavins  loose. 

Cast  oir  all  the  covers  of  the  fire-barrels,  and  hang  the  quick- 
match  loose  over  their  sides,  and  place  leaders  of  quick-match 
from  the  ends  into  the  barrels,  and  from  thence  into  the  vent 
of  the  chambers  in  such  a  manner  as  to  be  certain  of  their 
blowing  open  their  ports,  and  setting  fire  to  the  barrels.  Two 
troun-hs  of  communication  from  each  door  of  the  fire-room  to 
the  sally-ports,  must  be  laid  with  a  strong  leader  of  quick- 
match  four  or  live  times  double;  also  a  cross  piece  to  go  from 
the  sally-port,  when  the  ship  is  fixed,  to  the  communication- 
trough,  laid  with  leaders  of  quick-match,  that  the  fire  may  be 
communicated  to  both  sides  at  once.  What  quick-match  is 
left,  place  so  that  the  fire  may  be  conmiunicated  to  all  parls  of 
the  room  at  once,  especially  about  the  ports  and  fire-barrels, 
and  see  that  the  chambers  are  well  and  fresh  primed. 

The  port-fires  used  for  firing  the  ship,  burn  about  twelve 
minutes  ;  great  care  must  therefore  be  taken  to  have  no  pow- 
der on  board  when  the  ship  is  fired. 

The  sheer-hooUs  are  fitted  so  as  to  fasten  on  the  yard-arms 
of  Ihe  fire-ship,  where  they  hook  the  enemy's  rigging.  The 
fire-grapplings  are  either  fixed  on  the  yard-arms  or  thrown  by 
hand,  having  a  chain  to  confine  the  ships  together,  or  fasten 
those  instruments  which  are  necessary. 

When  the  commanding  officer  of  a  fleet  displays  the  signal 
to  prepare  for  action,  the  fire-ships  fix  their  sheer- hooks,  and 
dispose  their  grapplings  in  readiness.  The  battle  being  begun, 
they  proceed  immediately  to  prime  and  prepare  their  fire- 
works. When  they  arc  ready  for  grappling,  they  inform  the 
admiral  thereof  by  a  particular  signal. 

To  avoid  being  disabled  by  the  enemy's  cannon  during  a 
general  engagement,  the  fire-ships  continue  sufficiently  dis- 
tant from  their  line  of  battle,  either  to  windward  or  to  lee- 
ward. They  cautiously  shun  the  openings  or  intervals  of  the 
line  where  ihey  would  be  directly  exposed  to  the  enemy's  fire, 
from  which  they  are  covered  by  lying  on  the  opposite  side  of 
their  own  ships.  They  are  attentively  to  observe  the  signals 
of  the  admiral  or  his  seconds,  in  order  to  put  their  designs  im- 
mediately in  execution.  Although  no  ship  of  the  line  should 
be  previously  appointed  to  protect  any  fire-ship  except  a  few 
of  the  smallest  particularly  destined  to  this  service,  yet  the 
ship  before  whom  she  passes  in  order  to  approach  the  enemy, 
should  escort  her  thither,  and  assist  her  with  an  armed  boat,  or 
whatever  succour  may  be  necessary  in  her  situation. 

The  captain  of  the  fire-ship  should  himself  be  particularly 
attentive  that  the  above  instructions  are  punctually  executed, 
and  that  the  yards  may  be  so  braced,  when  he  falls  alongside 
the  ship  intended  to  be  destroyed,  that  the  sheer-hooks  and 
grapplings  fastened  to  the  yard-arms,  &c.  may  eflectually  hook 
the  enemy.  He  is  expected  to  be  the  last  person  who  quits 
the  vessel,  and  being  furnished  with  every  necessary  assist- 
ance and  support,  his  reputation  will  greatly  depend  on  the 
success  of  his  enterprize. 

FiiiE,  Wild,  a  factitious  fire,  which  burns  even  under  water. 
It  is  composed  of  sulphur,  pilch,  nitre,  and  various  other  com- 
bustible materials  ;  and  is  very  hard  to  extinguish.  Chemistry, 
however,  has  supplied  a  still  more  destructive  kind  of  wild-fire, 
in  the  union  of  nitrous  acid  with  oil  of  turpentine.  These  two 
liquids,  separately,  are  perfectly  cold  ;  but  when  suddenly 
mixed,  produce  a  flame  not  easily  extinguished. 

To  tnakc  Artificial  Fire-u-urhs. — Artificial  fire-works  are  of 
two  kinds,  those  made  of  gunpowder,  nitre,  and  other  infiam- 


mable  substances  and  filings  of  the  metals,  camphor,  5;c.  and 
those  produced  by  hydrogen  or  inflammable  air.  Those  made 
with  gunpowder  are  well  known,  and  are  called  rockets,  fire- 
wheels,  tourbillons,  &c.  Of  these,  the  most  usual  are  rockets  ; 
which  are  made  by  ramming  into  strong  cylindrical  paper 
cases  put  into  wooden  moulds,  like  small  hollow  columns, 
powdered  gunpowder,  or  the  ingredients  of  which  it  is  com- 
posed, viz.  saltpetre,  sulphur,  and  charcoal,  very  dry.  To 
represent  a  fiery  rain  falling  from  the  rocket,  mix  among  your 
charge  a  composition  of  powdered  glass,  filings  of  iron,  and 
saw-dust:  this  shower  is  called  the  peacock's  tail,  on  account 
of  the  various  colours  exhibited.  Camphor  mixed  with  the 
charge,  produces  wliite  or  pale  fire  ;  resin  a  reddish  colour, 
sulphur  a  blue,  sal  ammoniac  a  green,  antimony  a  reddish  yel- 
low, ivory  shavings  a  silvery  white,  pitch  a  deep  or  dark 
coloured  fire,  and  steel  filings,  beautiful  coruscations  and 
sparks.  Sticks  are  fastened  to  the  rockets,  by  which  they  are 
projected  into  the  air,  after  they  have  been  lighted  :  the  charge 
burning  with  great  intensity  at  one  end,  acts  upon  the  air, 
which,  in  its  turn,  re-acts  upon  the  rocket,  and  causes  it  to 
ascend,  on  the  same  principle  as  a  boat  is  put  ofl'  by  a  man  in 
it,  who  pushes  against  the  shore  with  a  boat-hook.  Fire-works 
by  means  of  inflammable  air  are  the  most  elegant ;  and  being 
free  from  smell  or  smoke,  may  be  exhibited  in  a  room  without 
any  disagreeable  efl'eet. 

FIRING,  in  the  Military  art,  denotes  the  discharge  of  small 
arms  by  platoons,  standing,  advancing,  or  retreating;  or  in 
oblique  or  hedge  firing.  Platoons  fire  from  the  right  and  left 
alternately,  except  the  centre  platoon  of  the  regiment,  which 
being  in  charge  of  the  colours,  remains  loaded.  Hedge  firing 
is  by  two  deep  ;  oblique  is  either  to  the  right  or  left,  according 
to  the  situation  of  the  object.  Parapet  and  banquette  firing 
depend  on  Tarious  circumstances — the  position  of  the  enemy. 
Square  firing  is  performed  in  hollow  square,  when  each  front 
is  di\ided  into  four  divisions,  and  the  flanks  of  the  square 
being  the  weakest,  are  covered  by  four  platoons  of  grenadiers. 
FIRKIN,  an  English  measure  of  capacity,  for  things  liquid, 
being  the  fourth-part  of  the  barrel.  It  contains  eight  gallons 
of  ale,  soap  or  herrings,  in  weight  SOlbs.  ;  and  nine  of  beer. 

FIRLOT,  a  dry  measure  used  in  Scotland,  containing  21J 
pints  of  that  country ;  the  barley  firlot  has,  however,  31 
standard  pints  in  it.  "The  wheat  iirlot  contains  '2211  cubic 
inchss  ;  the  English  bushel  2178  cubical  inches.  The  Scotch 
wheat  firlot  is,  therefore,  33  cubical  inches  larger  than  the 
English  bushel. 

FIRM  VMENT  (Jirmamentum.  Latin).  This  word  has  been 
used  with  great  latitude,  as  well  by  the  sacred  writers,  as  by 
poets  and  astronomers.  Some  old  astronomers  consider  the 
orb  of  the  fixed  stars  as  the  firmament ;  but  in  Scripture,  and 
in  common  language,  it  is  used  for  the  middle  regions,  or  the 
space  or  expanse  appearing  like  an  immense  concave  hemi- 
sphere. Many  astronomers,  both  ancient  and  modern,  ac- 
counted the  firmament  a  fluid  matter;  but  those  who  gave  it 
the  name  of  firmament  must  have  considered  it  as  a  solid. 

FIRMNESS,  in  Philosophy,  denotes  the  consistence  of  a 
body,  or  that  state  wherein  its  sensible  parls  cohere,  or  are 
united  together,  so  that  a  motion  of  one  part  induces  a  motion 
of  the  rest.  In  which  sense  firmness  stands  opposed  to 
fluidity.     See  Cohesion. 

FIRST  Fki'its,  in  the  church  of  England,  are  the  profits  of 
every  spiritual  benefice  for  the  first  year,  according  to  the 
valuation  thereof  in  the  king's  books. 

FISC,  in  Civil  Law,  the  treasury  of  a  prince  or  state,  orOiat 
to  which  all  things  due  to  the  public  do  fall.  Hence,  the 
Fiscal  is  the  officer  who  has  charge  of  the  said  treasury. 

FISH,  a  machine  employed  to  hoist  and  draw  up  the  flukes 
of  a  ship's  anchor  towards  the  top  of  the  bow,  in  order  to 
stow  it  after  it  has  been  catted  ;  it  is  composed  of  four  parts, 
viz.  the  pendant,  the  block,  the  hook,  and  the  tackle,  which, 
with  their  uses,  are  described  under  the  article  Davit. 

Fish,  is  also  a  long  piece  of  timber,  convex  on  one  side  and 
concave  on  the  other,  used  to  strengthen  the  lower  masts,  or 
the  yards  when  they  are  sprung,  or  have  received  some  dam- 
age in  battle,  or  in  tempestuous  weather,  &c.  to  effect  which 
they  ore  well  secured  by  stout  rope  called  woolding. 

Fish  Oii/,  an  instrument  used  to  strike  fish  at  sea;  it  con- 
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Sists  of  a  staff  with  three,  four,  or  more  barbed  prongs  of  steel, 
and  a  line  fastened  to  the  end  on  which  the  prongs  are  fixed; 
to  the  other  end  is  fitted  a  piece  of  lead,  which  gives  additional 
force  to  the  strolie,  and  causes  the  points  to  turn  upwards  after 
the  fish  is  penetrated. 

Fish  Room,  a  space  between  the  after-hold  and  the  spirit- 
room. 

FISHERY,  a  place  where  great  numbers  of  fish  are  caught, 
as  salmon  in  the  lochs  of  Scotland,  herrimjs  among  the  Hebrides, 
pilchards  along  the  coast  of  Cornwall,  cud  on  the  banks  of 
Newfoundland,  and  whales  in  Greenland.  Free  Fishery,  in 
Law,  is  a  ro>al  franchise — an  exclusive  right  of  fishing  in  a 
public  river;  though  some  have  considered  this  free  Jishing 
not  as  a  royal  grant.  Fishery  denotes  also  the  commerce  of 
fish,  more  particularly  the  catching  of  them  for  gale.  To 
encourage  the  herring  fisheries  among  the  Hebrides,  from  the 
time  of  James  V.  of  Scotland  till  the  year  18'25,  both  the 
Scots  and  English  governments  protected,  patronized,  and  even 
allowed  bounties  to  the  herring  fishers  of  these  kingdoms ; 
but  these  bounties  are  now  withdrawn,  because  there  is  ample 
capital,  and  a  suflicient  spirit  of  competition  to  continue  them 
as  private  sources  of  emolument,  without  the  attention  of  his 
majesty's  ministers.  Cod  Fishery,  on  the  banks  of  Newfound- 
land, is  of  two  kinds  ;  the  one  green  or  while  cod,  and  the 
other  dried  or  cured  cod — each  being  the  same  species  of  fish, 
only  differently  cured  and  prepared  for  the  market.  The 
former  are  salted  in  barrels  for  use ;  the  latter  salted,  and  then 
dried  in  the  sun,  and  smoked.  The  best  season  is.  from  the 
begirming  of  February  to  the  end  of  April.  The  roes  and 
tongues  of  cod  fish  arc  preserved  separately,  and  the  livers 
melted  into  oil. 

The  Lobster  Fishery,  along  the  British  channel,  and  on  the 
coast  of  Norway,  whence  this  shell  fish  are  brought  to  London 
for  sale ;  also  in  the  Frith  of  Edinburgh,  and  on  the  coast  of 
Northumberland.     By  law,  no  lobster  is  to  be  taken  under 

8  inches  long,  from  the  peak  of  the  nose  to  the  end  of  the  mid- 
dle fin  of  the  tail ;  nor  dare  the  fishermen  take  any  on  the  coast 
of  Scotland  from  the  1st  of  June  to  the   1st  of  September,  by 

9  Geo.  II.  cap.  33. 

Mackerel  Fishery,  on  the  French  and  English  coasts,  is 
usually  from  April  to  August,  and  the  fish  are  taken  with  the 
line,  or  by  means  of  nets. 

The  mackerel  fishery  is  an  object  of  great  commercial  im- 
portance to  the  inhabitants  of  roost  of  the  countries  on  the 
shores  of  w  hich  these  fish  abound.  During  the  summer  season 
they  approach  our  coasts  in  immense  shoals,  and  are  generally 
caught  in  what  are  called  seine  nets.  From  June  to  August 
many  of  our  markets  are  supplied  with  them,  but  as  they 
become  putrid  sooner  than  most  other  fish,  they  cannot  be 
carried  to  any  great  distance,  nor  be  kept  for  any  great  length 
of  time.  On  this  account  it  is  that  they  are  allowed  to  be  sold 
in  the  streets  of  London  on  Sundays,  and  in  Catholic  countries 
on  Sundays  and  festivals.  When  quite  fresh,  mackerel  are  an 
excellest  fish  for  the  table,  and  are  in  best  season  from  May  to 
July.  Both  in  Italy  and  in  England  they  are  often  pickled 
with  vinegar  and  spices,  and  sometimes  with  bay  leaves  inter- 
mixed. By  the  inhabitants  of  many  parts  of  the  north  of 
Europe  they  are  salted  ;  and  in  this  state  constitute  a  cheap 
and  very  important  article  of  subsistence.  In  Scotland  they 
are  frequently  cured  in  the  same  manner  as  herrings. 

The  Oyster  Fisher//,  at  Colchester,  in  Essex,  Milton  and 
Feversham  in  Kent,  the  Isle  of  Wight,  the  swales  of  the  Med- 
way,  and  Tenby  on  the  coast  of  Wales,  is  carried  on  from 
September  till  May.  The  best  oysters  are  of  a  middle  size  ; 
they  are  dragged  up  by  a  net,  (with  an  iron  scraper  at  the 
mouth,)  which  is  dragged  by  a  rope  from  a  boat  over  the 
beds ;  and  then  stored  in  large  pits  formed  for  the  purpose, 
and  furnished  with  sluices,  through  which  at  spring  tides  the 
salt  water  is  sullcred  to  flow.  In  these  pits  they  acquire  their 
full  quality,  and  become  fit  for  the  table  in  six  or  eight  weeks. 
The  most  delicious  oysters  arc  considered  to  be  those  which 
are  fattened  in  the  salt-water  creeks  near  Milton  and  Colches- 
ter. Oysters  are  out  of  season  during  the  summer  time,  the 
period  at  which  they  deposit  their  spawn,  and  which  commences 
jji  the  month  of  April.  Each  spawn  has  the  appearance  of  a 
drop  of  candle-grease,  and  adheres  to  rocks,  stones,  or  other 
33. 


substances  on  which  it  happens  to  be  deposited.  In  some 
oyster  beds  old  shells,  pieces  of  wood,  &.c.  under  the  denomina- 
tion oi cultch,  are  purposely  thrown  in  to  receive  the  spawn. 
From  these,  in  the  month  of  .May,  the  oyster  fishers  are  allowed 
to  separate  the  spawn  for  the  purpose  of  transferring  it  to 
other  beds;  but  they  are  required,  under  certain  penalties,  to 
throw  the  cultch  in  again,  that  the  beds  may  be  preserved  for 
the  future;  unless  the  spawn  should  be  so  small  as  not  with 
safety  to  be  separable  from  the  cultch.  Oysters  arc  considered 
to  be  first  fit  for  the  table  when  about  a  )  ear  and  half  old  ;  and 
they  are  among  the  few  animals  which  in  Europe  are  not  merely 
eaten  raw,  but  even  in  a  living  state.  Oysters  are  also  eaten 
cooked  in  various  ways,  as  sauce  to  dill'erent  kinds  of  fish, 
and  pickled.  The  shells,  like  those  of  other  testaceous  animals, 
consist  of  calcareous  earth  in  combination  with  animal  glue  ; 
and  by  calcination,  they  yield  a  pure  kind  of  quick  lime.  In 
this  state  they  are  not  only  useful  as  lime,  but  are  also  fre- 
quently employed  by  stationers  and  attorneys  as  pounce  for 
rubbing  upon  parchment  previously  to  its  being  written  upon. 

The  Pilchard  Fishery,  on  the  coasts  of  Cornwall  and  Devon- 
shire, from  June  to  September;  and  on  the  coast  of  Brctagnc 
in  France,  and  the  coast  of  Dalmatia,  is  a  very  lucrative  con- 
cern, from  the  great  abundance  of  these  fish  that  are  taken. 

'J'he  Salmon  Fishery,  in  the  Tweed,  the  Clyde,  the  Tay,  the 
Dee,  the  Don,  the  Spay,  the  Tjne,  the  Trent,  the  Severn,  and 
the  Ban,  &c.  is  at  its  height  in  the  summer  season  ;  the  hotter 
the  weather,  the  more  plentiful  generally  the  fish. 

'I'he  Sturgeon  Fishery,  in  the  Volga,  the  Caspian  sea, and  the 
Tunny  Fishery,  in  the  Mediterranean,  employ  a  great  number 
of  men.  The  Turbot  Fishery,  on  the  Dutch  coast,  finds  a 
profitable  sale  in  London. 

FISHES,  in  Heraldry,  are  emblems  of  silence  and  watchful- 
ness, and  are  borne  cither  upright,  embowed,  extended, 
endorsed  respecting  each  other,  surmounting  one  another,  &c. 
Or  they  may  be  cant  emblems,  as  a  salmon  borne  by  a  person 
of  that  name,  the  fish  being  perpendicular;  a  cod,  by  the  Cod 
family  ;  a  herring,  by  the  Herrings,  &c. 

Fishes.  To  define  these  would  be  superfluous  ;  but  their 
general  physiology  deserves  attention.  Like  amphibious  ani- 
mals, the  hearts  of  fishes  are  unilocular,  or  consist  but  of  one 
cavity,  and  their  blood  is  less  warm  than  that  of  quadrupeds 
and  birds.  The  organs  of  breathing  are  the  gills,  equivalent 
to  the  lungs  in  man  ;  and  these  consist  of  numerous  blood- 
vessels. The  generality  of  fishes  are  covered  with  scales, 
analogous  to  the  hair  of  ([uadrupeds  and  the  feathers  of  birds. 

The  fins,  the  chief  instruments  of  motion,  consist  of  a  cer- 
tain number  of  elastic  rays  of  processes,  either  of  one  single 
piece  in  the  form  of  a  spine,  or  of  Jointed  pieces.  The  strong 
or  spiny  rays  are  placed  at  the  fore  part  of  the  fin,  and  the 
soft  or  jointed  rays  towards  the  back  part.  By  the  various 
flexures  of  these  organs,  the  movements  of  fishes  are  con- 
ducted ;  the  perpendicular  fins,  situated  on  the  back  or  upper 
part  of  the  animal,  keeping  the  body  in  eqiiilibrio,  while  the 
tail  operates  as  a  rudder  at  the  stern  of  a  vessel,  and  the  side 
or  breast-fins  as  oars.  The  stomach  is  large,  the  intestines  far 
shorter  than  in  quadrupeds  and  birds :  and  the  liver  is  very 
large,  usually  placed  on  the  left  side. 

The  air  bladder,  or  swimming  bladder,  is  a  very  highly  curious 
and  important  organ,  lying  closely  beneath  the  backbone,  and 
provided  with  a  very  strong  muscular  coat,  which  gives  it  the 
power  of  contracting  at  the  pleasure  of  the  fish,  so  as  to  con- 
dense the  air  with  which  it  is  filled,  and  thus  enable  the  ani- 
mal to  descend  to  any  depth,  and  again  to  ascend  by  being 
restored  to  its  largest  size.  Some  fishes  are  destitute  of  the 
air-bladder,  yet  remain  always  at  the  bottom  ;  as  the  whole 
tribe  of  flat-fish.  The  teeth  are,  in  some  tribes,  large  and 
strong,  in  others,  very  small  ;  in  some,  sharp ;  in  others, 
obtuse;  in  some,  numerous ;  and  in  others,  few.  Sometimes 
they  are  placed  in  the  jaws  ;  sometimes  in  the  palate  or 
tongue  ;  or,  even  at  the  e:)trance  of  the  stomach.  The  eyet 
are,  in  general,  large,  flattened,  or  less  convex  than  in 
quadrupeds  and  birds.  In  return,  the  c."ntral  part  of  the  eye, 
or  what  is  called  the  crystalline  humour,  is  of  a  globular 
shape,  to  give  the  animal  the  necessary  power  of  vision,  and 
to  compensate  for  the  comparative  flatness  of  the  cornea. 

The  organ  of  smelling,  in  fishes,  is  large;  aud  they  have  the 
4  L 
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power  of  corifractinp;  or  dilating  it  at  pleasure.  This  sense  is 
extremely  acute.  The  orp;an  of  hearing  difl'ers.  in  some  par- 
ticulars, from  that  in  other  animals,  and  is  modified  accordini; 
to  the  nature  of  the  fish.  Tliey  are  entirely  deslitule  of  wive. 
The  particular  kind  of  sound  or  chirp,  which  some  tribes  are 
observed  to  make,  on  licin^  first  taken  out  of  the  water,  is 
entirely  owing  (o  the  sudden  expulsion  of  air  from  their  inter- 
nal cavities.  The  greater  number  of  lishes  are  oriparuiis.  pro- 
ducing soft  eggs,  usually  known  by  the  name  of  spawn.  There 
have  been  200,000  ova  or  eggs  found  in  a  carp;  in  a  perch, 
weighing  one  pound  two  ounces,  09,216  ;  in  a  carp  of  eighteen 
inches,  342,144;  in  a  sturgeon  of  one  hundred  and  sixty  pounds, 
there  was  the  enormous  number  of  1 ,407,500  !! !  The  age  of 
fish  is  determinable  by  the  number  of  coiicentric  circles  of  the 
vertebra;  or  joints  of  the  back-bone.  In  the  Linnaean  arrange- 
ment of  fishes,  the  under  or  belly-fins  arc  termed  ventral,  and 
are  considered  analogous  to  the  feet  in  quadrupeds  ;  and  it  is 
from  the  presence  or  absence  of  the  fins,  that  the  divisions  are 

instituted. 

Far  as  creation's  ample  range  extends, 
The  scale  of  sensual,  mental  povvers,  ascends: 
Wark,  how  it  mounts  to  man's  imperial  race, 
From  the  ijreen  nivriads  in  tlie  peopled  grass  : 
What  modes  of  si^lit  betwixt  each  wide  extreme. 
The  mole's  dim  curtain,  and  the  Ivnx's  beam  : 
Of  smell,  the  headlong  litmess  between. 
And  honnd  saijacious,  on  the  tainted  green: 
Of  hearing,  from  the  life  th.it  fdls  the  flood, 
To  that  which  warbles  thro'  the  vernal  wood  ! 
The  spider's  touch,  how  e'iquisiti\  ely  fine  ! 
Feels  at  each  thread,  and  lives  along  the  line  : 
In  the  nice  bee,  what  sense  so  subtly  true  ! 
From  poisonous  herbs  extracts  the  healing  dew: 
How  instinct  varies  in  the  groveling  swine, 
Compar'd,  half-reasoning  elephant,  with  thine! 
*Twixt  that,  and  reason,  what  a  nice  barrier! 
For  ever  separate. — yet  for  ever  near! 

The  fishes  are  divided  into  six  orders,  namely;  1.  Apodes  : 
2.  Jujulares:  3.  Tlioraeici :  4.  Abdominales  :  5.  Branchiostegi : 
6.  Chondropterygii. 

1.  Apodal  fisli  have  bony  gills  ;  and  no  ventral  fins,  as  the 
eel.  2.  Jugular  fish  have  bony  gills  ;  and  the  ventral  fins 
situated  directly  tinder  the  pectoral  fins,  as  the  cod,  haddock, 
and  u  luting.  3.  Tlioracic  fish  have  bony  gills  ;  and  the  ven- 
tral fins  situated  directly  under  tlie  pectoral  fins,  as  i\\e  percli 
and  mackerel.  4.  Abdominal  fish  have  bony  gills;  and  the 
ventral  fins  on  the  belly  behind  the  pectoral  fins,  as  the  salmon, 
herrinp.  and  carp.  5.  Branchiostegeous  fish  have  their  gills 
destitute  of  bony  rays,  as  the  sucker.  6.  Chrondropterygeous 
fish  have  cartilaginous  fins,  as  the  stunjeon,  shark,  and  skate. 

FI.SHING,  ife  Angling.  With  respect  to  the  riylit  of  fish- 
ing, and  the  prujjerti/  of  fish,  where  the  lord  of  the  manor  lialh 
land  on  both  sides  of  a  river,  it  is  good  evidence  that  he  hath 
a  right  of  fishing;  but  whore  a  river  ebbs  and  flows,  and  is  an 
arm  of  the  sea,  then  it  is  common  to  all.  Thus  in  the  Severn, 
&c.  the  soil  belongs  to  the  ow  ners  of  the  land  on  each  side,  and 
the  soil  of  the  river  is  in  the  king,  but  the  fishing  is  common  to 
all.  He  who  is  owner  of  a  private  river,  or  pond,  hath  a 
property  in  the  fish  ;  and  there  needs  uo  privilege  to  make  a 
iishponti. 

FISSURES,  in  the  History  of  the  Earth,  are  certain  erup- 
tions that  horizontally  or  parallely  divide  the  several  strata  of 
which  the  body  of  the  terrestrial  globe  is  composed. 

FISTULA,  in  Surgery,  a  deep,  narrow,  and  callous  ulcer, 
generally  arising  from  abscesses,  chiefiy  in  the  arms. 

FLSTULARLA.,  pipe  fish,  a  genus  of  the  order  abdominales, 
grows  to  the  length  of  three  or  four  feet,  and  is  of  the  shape  of 
an  eel. 

FITTER,  in  Chemistry,  any  instrument  or  machine,  whose 
use  and  effect  with  regard  to  litpiids  is  the  same  that  the  sieve 
or  scarce  has  in  dry  matters.  Water  is  freed  from  its  impuri- 
ties by  basins  of  porous  stone. 

FITTING-OUT,  the  act  of  fitrnishing  a  ship  with  snfiicient 
masts,  sails,  yards,  ammunition,  artillery,  cordage,  anchors, 
provisions,  stores,  and  men,  for  the  voyage  or  purpose  to  which 
she  is  a|)pointed. 

FIXED  Bodies,  generally  denote  those  bodies  which  neither 


fire  nor  any  corrosive  has  such  an  elTect  on,  as  to  reduce  or 
resolve  them  into  their  component  elements,  or  absolutely  to 
destroy  them.  Of  fixed  bodies,  the  principal  arc  gold,  platina, 
silver,  precious  stones,  particularly  the  diamond,  salts,  S;c. 

Fixed  Ecliptic,  a  certain  imaginary  plane,  which  never 
changes  its  position  in  the  heavens  from  the  action  of  any  of 
the  parts  of  the  solar  system  on  each  other;  but.  like  a  centre 
of  inertia,  remains  immoveably  fixed.  The  existence  of  such 
a  plane  is  demonstrated  by  Laplace,  who  has  shewn  the  me- 
thod of  determining  it  from  the  situations,  velocities,  masses, 
&c.  of  the  planets  and  other  bodies.     See  Zodiac. 

Fixed  Sigiis  of  the  Zodiac,  an  arbitrary  denomination  which 
some  astronomers  have  given  to  the  signs  Taurus,  Leo,  Scor- 
pio, and  Aquarius.  The  particular  corresponding  season  beingf 
supposed  most  fixed  when  the  sun  is  in  those  signs. 

Fixed  .SVars,  are  those  which  constantly  maintain  the  same 
relative  position  with  regard  to  each  other,  in  contradistinction 
to  the  planets  and  comets  which  are  constantly  changing  their 
relativepositions.  SceCoNSTELLATioN,  Hesiisphere,  andSTAR, 

FIXITY,  or  Fixedness,  in  Phihisophy,  the  quality  of  a 
body  which  denominates  and  renders  it  fixed  ;  or  a  property 
which  enables  it  to  endure  fire,  and  other  violent  agents.  A 
body  may  be  said  to  be  fixed  in  two  respects;  viz.  1.  When, 
en  being  exposed  to  the  action  of  fire,  or  a  corrosive  men- 
struum, its  particles  are  indeed  separated,  and  the  body  ren« 
dered  (luid,  but  without  being  resolved  into  its  first  elements: 
and,  2.  When  the  body  sustains  the  active  force  of  the  fire,  or 
menstruums,  whilst  its  integral  parts  are  not  carried  off  by 
fume.  Each  kind  of  fixity  is  the  result  of  a  strong  or  inti- 
mate cohesion  between  the  particles  of  the  body. 

FLAG,  a  certain  banner  by  which  an  admiral  is  distinguished 
at  sea  from  the  inferior  ships  of  his  squadron  ;  also  the  colours 
by  which  one  nation  is  distingirished  from  another.  In  the 
British  navy,  flags  are  either  red,  white,  or  blue,  and  are  dis- 
played from  the  top  of  the  main-mast,  fore-mast,  or  mizzen- 
mast,  according  to  the  rank  of  the  admiral. 

The  first  flag  in  Great  Biitain  is  the  royal  standard,  which  is 
only  to  be  hoisted  when  the  king  or  queen  is  on  board  the 
vessel  ;  the  second  is  that  of  (he  anchor  of  hope,  which  charac- 
terizes the  lord  high  admiral,  or  lords  commissioners  of  the 
admiralty  ;  and  the  third  is  the  union  flag,  appropriated  to  the 
admiral  of  the  fleet,  who  is  the  first  officer  under  the  lord  high 
admiral.  The  navy-board,  custom-house,  &c.  have  each  their 
respective  flags. 

When  the  flag  is  displayed  at  the  main-top-gallant-mast- 
head,  the  officer  distinguished  thereby  is  known  to  be  an 
admiral ;  when  from  the  fore-top-gallant-mast-head,  a  vice- 
admiral  ;  and  when  from  the  mizzen-top-gallant  mast-head,  a 
rear-admiral;  the  next  flag  after  the  union,  is  white  at  the 
main  ;  and  the  last,  which  characterizes  an  admiral,  is  blue  at 
the  same  mast-head.  For  a  vice  admiral  the  first  flag  is  red, 
the  second  white,  and  the  third  blue,  at  the  fore-top-gallant- 
mast  head.  The  same  order  is  observed  with  regard  to  rear, 
admirals,  whose  flags  are  displayed  at  the  mizzen-top-gallant- 
mast-head  ;  the  lowest  flag  in  our  navy  is  accordingly  blue  at 
the  mizzen.  All  the  white  flags  have  a  red  St.  George's  cross 
in  them,  in  order  the  more  readily  to  be  distinguished  from  the 
French  white  flag  with  a  white  cross. 

Besides  the  national  flag,  merchant  ships  frequently  bear 
lesser  on  the  mizzcu-masts,  with  the  arms  of  the  city  where  the 
master  ordinarily  resides,  and  on  the  fore-mast  with  the  arms 
of  the  place  where  the  person  who  freights  them  lives. 

When  a  council  of  war  is  held  at  sea,  if  it  be  on  board  the 
admiral,  they  hang  a  H:ig  on  the  main-shrouds  ;  if  in  the  vice- 
admiral,  in  the  fore-shrouds  ;  and  if  in  the  rear-admiral,  in  the 
mizzen-shrouds.  The  flags  borne  on  the  mizzen  are  particularly 
called  Gallants. 

To  heave  out  the  flag,  is  to  put  out  or  hang  abroad  the  flag. 
To  hang  out  the  white  flag,  is  to  call  for  quarter  ;  or  it  shews 
when  a  vessel  arrives  on  a  coast  that  it  has  no  hostile  inten- 
tion, but  comes  to  trade,  or  the  like.  To  hang  out  the  red  flag, 
is  to  give  a  signal  of  defiance  and  battle.  To  lower,  or  strike 
the  flag,  is  to  pull  it  dow  n  U|)on  the  cap.  or  to  take  it  in,  out  of 
the  respect  or  submission  due  from  all  ships  or  fleets  inferior 
to  those  any  way  justly  their  superiors.  To  lower  or  strike  the 
flag  in  an  engagement,  is  a  sign  of  yielding. 
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The  way  to  lead  a  ship  m  inumpii,  is  to  tic  the  flags  to  the 
shrouds,  or  the  f^allery  in  the  hind  part  of  tiie  ship,  and  let 
xhcra  hanj;  down  towards  the  water,  and  tow  the  vessels  by  the 
stem.  Livy  relates  that  this  was  the  way  the  Romans  used 
those  of  Carthapjc. 

Flag  Officer,  a  term  synonymous  to  admiral. 

Flag  Ship,  a  ship  in  which  an  admiral's  (lag  is  displayed. 

Flag  Sta/f,  is  generally  a  continuation  of  the  top-gallant- 
mast  above  the  top-gallant  rigging,  but  is  sometimes,  espe- 
cially in  guard-ships,  a  spar,  occupying  the  place  of  the  top- 
gallant-mast, and  is  only  of  use  to  display  the  flag  or  pendant ; 
when  it  is  a  continuation  of  the  top-gallant-raast,  it  is  frequently 
termed  the  royal  mast. 

FLAGEOLET,  a  little  flute,  used  chiefly  by  shepherds  and 
country  people. 

FLAIL,  an  instrument  for  thrashing  corn,  that  consists  of, 
1.  the  hand-stall,  which  the  labourer  holds  in  his  hand  ;  2.  the 
swiple,  or  that  part  which  strikes  the  corn  ;  .1.  the  caplins,  or 
leathern  thongs  that  bind  tlie  hand-stalf  and  swiple  ;  4.  the 
middle  band,  being  the  leathern  thong,  or  fish-skin,  that  ties  the 
caplins  together. 

FLAIR,  is  a  phrase  at  sea:  when  a  ship  being  housed  in 
near  the  water  so  that  the  work  hangs  over  a  little  too  much, 
and  thus  is  let  out  broader  aloft  than  the  due  proportion  will 
allow,  the  seamen  say  that  the  work  doth  flair  over. 

FLAKE,  a  sort  of  platform  made  of  hurdles,  used  for  drying 
codfish  in  Newfoundland  ;  they  are  usually  placed  near  the 
shores  of  fishing-harbours.  Flake  signifies  also  a  small  stage 
hung  over  a  ship's  side  to  caulk  or  repair  any  breach.  We 
speak  also  of  a  flake  of  snow.     See  Snow. 

FLAMBEAU,  a  large  taper,  made  of  hempen  wicks,  by 
pouring  melted  wax  on  their  top,  and  letting  it  run  down  to  the 
bottom.  This  done,  they  lay  them  to  dry;  afler  whicli  they  roll 
them  on  a  table,  and  join  four  of  them  together  by  means  of  a 
led-hot  iron ;  and  then  pour  on  more  wax  till  the  flambeau  is 
brought  to  the  size  required.  Flambeaus  are  of  dillerent 
lengths,  and  made  either  of  white  or  yellow  wax.  They  serve 
to  give  light  in  the  streets  at  night,  or  on  occasion  of  illumi- 
nations. 

FLAME,  the  subtlest  and  lirightest  part  of  fuel,  ascending 
above  it  in  a  pyramidal  or  conical  figure,  and  has  been  con- 
jectured by  Newton  to  be  a  vapour  red-hot ;  which,  however, 
seems  to  be  but  an  imperfect  idea.  We  should  rather  say, 
that  flame  is  an  instance  of  combustion,  wliose  colour  will  be 
determined  by  llu;  degree  of  decomposition  which  takes  place. 
If  it  be  very  iinperlect,  the  most  refrangible  rays  only  will 
appear  ;  if  very  perfect,  all  the  rays  will  appear,  and  the  flame 
will  be  brilliant  in  proportion  to  this  perfection.  There  arc 
flames,  however,  which  consist  of  burning  particles,  whose  rays 
have  partly  escaped  before  they  ascended  in  the  form  of 
vapour;  such  would  be  the  flame  of  a  red-hot  coal,  if  exposed 
to  such  a  heat  as  would  gra<lually  disperse  it  into  vapour. 
When  the  fire  is  very  low  under  tlie  furnace  of  an  iron-foun- 
dery,  at  the  upper  orifice  of  the  chimney  a  red  llame  of  this 
kind  may  be  seen,  which  is  different  from  the  flame  that  ap- 
pears immediately  after  fresh  coals  have  been  thrown  on  the 
fire;  for,  in  consequence  of  adding  such  a  supply  to  the  burn- 
ing fuel,  a  vast  column  of  smoke  ascends,  and  forms  a  niediuiu 
so  thick  as  to  absorb  most  of  the  rays  excepting  the  red. 

FLAMINCO.     See  Fikkmcoptf.iuis. 

FLAMSTEED,  a  celebrated  English  astronoincr,  and  the 
first  astronomer  royal,  was  born  at  Derby,  in  the  year  IGK), 
and  very  early  discovered  a  great  genius  and  taste  fur  astro- 
nomical subjects  ;  having,  while  yet  a  youth,  computed  both 
solar  and  lunar  eclipses,  and  oecultations  of  the  moon  and 
stars.  He  possessed  more  zeal  and  application  in  the  pursuit 
of  scientific  knowledge  than  the  first  astronomer  royal,  and 
scarcely  any  man  ever  attained  a  higher  respect  amongst  his 
contemporaries.  In  common  life  he  was  free  and  easy  of 
access,  and  pleased  with  the  company  of  those  who,  with 
scientific  research,  could  unite  their  share  in  the  convivial 
intercourse  of  life.  Flamsteed's  great  work  on  astronomy,  in 
3  vols.  fol.  comprises  a  catalogue  of  the  right  ascensions, 
polar  distances,  longitudes,  and  magnitudes  of  nearly  JiOUO 
f.xed  stars.  The  preface  to  this  volume  contains  an  account 
of  all  the  astronomical  observations  made  before  his  time,  with 


a  description   of  the  instruments  employed,  and   much  other 
curious  and  highly  important  matter. 

FLANK,  in  the  Manege,  the  sides  of  a  horse's  buttock  ;  or 
more  properly,  the  extremities  of  the  belly  where  the  ribs  arc 
wanting.  In  a  well-made  horse  the  flanks  arc  full,  and  the 
distance  short  between  the  last  rib  and  the  haunch  hone,  which 
is  properly  the  flank. 

Flank,  in  War,  the  side  of  a  battalion,  army,  &c.  in  contra- 
distinction 10  front  and  rear.  In  Fortification,  the  part  of  a 
bastion  which  reaches  from  the  curtain  to  the  face.  See 
Bastion. 

FLANNEL,  a  woollen  stuff,  composed  of  a  woof  and  warp, 
and  woven  after  the  manner  of  baize.  Various  theories  have 
been  adopted  to  prove  the  utility  of  flannel  as  an  article  of 
dress;  it  is  unquestionably  a  bad  conductor  of  heat,  and  on 
that  account  very  useful  in  cold  weather;  this  is  accounted  for 
from  the  structure  of  the  stuff;  the  fibres  touch  each  other  very 
slightly,  so  that  the  heat  moves  slowly  through  the  interstices, 
whic^h  being  already  filled  with  air,  give  little  assistatKe  in 
carrying  off  the  heat.  In  the  town  of  Rochdale,  and  the 
adjacent  villages,  there  are  manufactured,  every  week,  of 
flannels  and  baizes,  about  20,000  pieces,  of  40  yards  each, 
making  47,840,000  yards  per  annum.  It  is  supposed  that 
17,840,000  yards  are  exported;  the  remaining  30  millions  of 
yards  are  consumed  in  the  United  Kingdom,  being  an  average 
of  about  I  J  yard  for  each  individual.  Some  good  flannels  are 
manufactured  in  Wales  ;  a  few  coarse  ones  at  Keswick,  and 
some  other  towns  and  villages  in  the  kingdom.  A  few  are 
manufactured  on  the  Continent,  and  works  for  that  purpose 
are  now  erecting  in  America;  but  the  whole  of  the  Ibmnels 
manufactured  on  the  globe,  besides  those  manufactured  in 
Rochdale  and  its  immediate  vicinity,  are  not  equal  in  quantity 
to  those  made  there.  The  price  of  flannels  is  from  !)il.  to  3t. 
per  yard  ;  and  the  average  may  be  staled  at  from  13i/.  to  lie/, 
per  yard  ;  so  tliat  the  annual  value  of  the  manufacture  may  be 
stated  at  about  three  millions  sterling.  The  wool  costs  fully 
one-half  of  the  wholesale  selling  price  ;  the  oil,  labour,  and 
finishing,  &c.  constitute  nearly  the  other  half. 

FLAT,  a  level  grourul  lying  at  a  small  depth  under  the  sur- 
face of  the  sea;  otherwise  called  a  Shoal,  or  Shallow. 

To  Flat  in.  the  action  of  drawing  in  the  aftmost  clue  of  a 
sail  towards  the  middle  of  a  ship,  to  give  the  sail  the  greater 
power  of  turning  the  vessel  ;  thus,  if  the  mizzen  or  after  sails 
are  flatted  in,  it  is  evident  that  the  intention  is  to  carry  the 
stern  to  leeward,  and  turn  the  head  nearer  to  the  wind  ;  and  if 
the  head-sails  are  flatted  in,  Ihe  intention  is  accorilingly  to 
makefile  ship  fall  oil,  when,  by  design  or  accident,  siie  has 
come  so  near  the  wind  as  to  make  the  sails  shiver;  hence  — 

Flat  injurwarel,  is  the  order  to  draw  in  the  jib  and  fore- 
top-niast  slay-sail  sheets  towards  the  middle  of  the  ship;  this 
operation  is  seldom  necessary,  except  in  light  breezes  of  wind, 
when  the  helm  has  not  sudieient  government  of  the  ship. 

Flat,  in  Music,  a  character,  wlii(-h  before  a  note  signifies 
that  the  note  is  to  be  snng  or  played  half  a  tone  lower  tlian  its 
natural  pitch.  A  d')ul)le  flat  is  a  character  eompoiindcd  of 
two  flats,  signifying  that  the  note  before  which  it  is  placed  is  to 
be  sung  or  played  two  semitones  lower  than  its  natural  pitch. 

FLAX  l)i(i;ssiN(i,  has  for  many  ages  been  performed  in 
slow  and  laborious  operations,  by  means  of  a  mallet,  a  break, 
&c.  which  have  been  used  for  preparing  the  flax  for  the  heckle. 
The  break  and  scutcher,  common  in  Ireland  and  Scotland, 
are  inferior  to  the  machinery  of  mills,  among  the  chief  of 
which  is  the  following,  to  be  found  in  "Gray's  Millwright." 

Flax  iVi//.  (See  Plate,  i1/i//.t.)  A  A,  the  great  water-wheel 
fixed  upon  its  shal't,  and  containing  40  aws  or  float-boanls,  to 
receive  the  water  which  communic-ates  motion  to  the  whole 
machinery.  15  15,  a  wheel  fastened  upon  the  same  .i\le,  hav- 
ing, as  before  mentioned,  102  cogs,  to  drive  the  wiieel  C  of  23 
teeth,  which  is  fixed  upon  the  middle  roller.  No.  1.  The  thick 
part  of  this  roller  is  fluted,  or  rather  has  teeth  all  round  its 
circumference.  These  teeth  arc  of  an  angular  form,  being 
broad  at  tluir  base,  and  lliinner  towards  their  outward  extre- 
mities, which  are  a  little  roinided,  to  prevent  them  from  cuttinff 
the  flax  as  it  passes  through  betwixt  the  rollers.  The  other 
two  rollers,  Nos.  2  and;?,  have  teeth  in  them  of  the  same  form 
and  size  as  those  in  the  middle  roller,  whose  teeth,  by  taking 
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into  those  of  these  two  rollers,  turn  them  both  round.  The 
rouRh  llax  is  made  up  into  small  parcels,  which  being  intro- 
duced betwixt  the  middle  and  upper  rollers,  pass  round  the 
middle  one;  and  this  either  having  rollers  placed  on  its  off- 
side, or  being  enclosed  by  a  curved  board  that  turns  the  flax 
out  betwixt  the  middle  and  under  rollers,  when  it  is  again  put 
iu  betwixt  the  middle  and  upper  one,  round  the  same  course, 
until  it  be  suRiciently  broken  or  softened,  and  prepared  for  the 
scutching  machine.  The  bearer  in  which  the  gudgeon  of  the 
roller  No.  1  turns,  is  fixed  in  the  frame  at  C  ;  and  the  gudgeons 
of  the  rollers  Nos.  2  and  3  turn  in  sliders  that  move  up  or 
down  in  grooves  in  the  frames  S  S.  The  under  roller  is  kept 
up  to  the  middle  one  by  the  weights  D  D,  suspended  by  two 
ropes  going  over  two  sheaves  in  the  frame  S  S  ;  their  other 
ends  being  fastened  to  a  transverse  bearer  below  the  sliders  in 
which  the  gudgeons  of  the  roller  No.  3  turn.  The  weights  D  D 
must  be  considerably  heavier  than  the  under  roller  and  sliders, 
in  order  that  its  teeth  may  be  pressed  in  betwixt  the  teeth  of 
No.  1,  to  bruise  the  flax  when  passing  between  the  rollers. 
The  whole  weight  of  the  roller  No.  2  presses  on  the  flax  which 
passes  between  it  and  No.  1.  There  is  also  a  box  fixed  on  the 
upper  edge  of  its  two  sliders  to  contain  a  parcel  of  stones,  or 
lumps  of  any  heavy  metal,  so  that  more  or  less  weight  can  be 
added  to  the  roller,  as  is  found  necessary.  O  O,  is  the  large 
frame  that  supports  one  end  of  the  shaft  which  carries  the  two 
wheels  A,  B,  and  vertical  axle  FF;  on  the  lower  end  of  which 
is  fixed  the  pinion  turned  by  the  wheel  B,  and  having  10  teeth. 
In  the  axle  F,  are  arms  upon  which  the  scutchers  are  fastened 
with  screwed  bolts.  These  scutchers  are  enclosed  in  the  cylin- 
drical box  E  E,  having  in  its  curved  surface  holes  or  porches 
at  which  the  handfuls  of  Pax  are  held  in,  that  they  may  be 
cleaned  by  the  revolving  scutchers.  H  H,  the  fall  or  course 
of  the  water.  TT,  the  sluice,  machine,  and  handle,  for  raising 
the  sluice  to  let  the  h  ater  on  the  great  wheel.  The  gudgeons 
of  the  axles  should  all  turn  in  cods  or  bushes  of  brass.  KK, 
the  side  walls  of  the  mill  house.  G  G,  doors.  L  L,  windows. 
RK,  the  roof. 

FLEAM,  in  Surgery  and  Farriery,  an  instrumeot  for  letting 
a  horse  or  other  animal  blood. 

FLEECY  Hosiery,  a  useful  manufacture,  in  which  fine 
fleeces  of  wool  are  interwoven  into  a  cotton  piece  of  the  com- 
mon stocking  texture,  for  making  stockings,  socks,  waistcoats, 
and  other  clothing,  for  persons  alllicted  with  complaints  requir- 
ing warmth,  and  for  common  use  in  cold  climates. 

FLEET,  a  general  name  given  to  the  British  navy;  it  also 
denotes  any  number  of  ships,  whether  designed  for  war  or 
commerce,  keeping  company  together.  The  admirals  of  his 
majesty's  fleet  are  classed  into  three  squadrons,  viz.  the  red, 
white,  and  blue.  When  any  of  these  officers  are  invested  with 
the  command  of  a  squadron  or  detachment  of  ships  of  war,  the 
particular  ships  are  distinguished  by  the  colours  of  their 
respective  squadron:  that  is  to  say,  the  ships  of  the  red  squa- 
dron wear  an  ensign  whose  union  is  displayed  on  a  red  field  ; 
the  ensigns  of  the  white  squadron  have  a  white  field,  and 
those  of  the  blue  squadron  a  blue  field  ;  the  union  being 
common  to  all  three.  The  ships  of  war,  therefore,  are  occa- 
sionally annexed  to  any  of  the  three  squadrons,  or  shifted 
from  one  to  another. 

Of  whatsoever  number  a  fleet  of  ships  of  war  is  composed,  it 
is  usually  divided  into  three  squadrons;  and  these,  if  nume- 
rous, are  again  separated  into  divisions.  The  admiral,  or 
principal  officer,  commands  the  centre  ;  the  vice-admiral,  or 
second  in  command,  superintends  the  van-guard  ;  and  the  ope- 
rations of  the  rear  are  directed  by  the  rear-admiral,  or  the 
officer  next  in  rank.     See  the  article  Division. 

The  disposition  of  a  fleet  while  proceeding  on  a  voyage  will, 
in  some  measure,  depend  on  particular  circumstances;  as  the 
difficulty  of  navigation  ;  the  necessity  of  despatch,  according  to 
tlie  urgency  or  importance  of  the  expedition  ;  or  the  expec- 
tation of  an  enemy  in  the  passage.  The  most  convenient  order 
is  probably  to  range  it  into  three  lines  or  columns,  each  of 
which  is  parallel  to  a  line  close  hauled,  according  to  the  tack 
on  which  the  line  of  battle  is  designed  to  be  formed.  This 
arrangement  is  more  used  than  any,  because  it  contains  the 
advantages  of  every  other  form  without  their  inconveniences. 
The  fieet  being  thus  more  enclosed  will  more  readily  observe 


the  signals,  and  with  greater  facility  form  itself  into  the  line  of 
battle ;  a  circumstance  which  should  be  observed  in  every 
order  of  sailing.     iS>e  the  article  Engagement. 

Merchant-fleets  generally  take  their  denomination  from  the 
place  they  are  bound  to,  as  the  West  India  fleet,  the  East  India 
fleet,  &c.  These  in  times  of  peace  go  in  fleets  for  their  mutual 
protection  and  assistance:  in  times  of  war,  besides  this  secu- 
rity, they  likewise  procure  convoys  of  ships  of  war,  either  to 
escort  them  to  the  places  whither  they  are  bound,  or  only  a 
part  of  the  way,  to  a  certain  point  or  latitude,  beyond  which 
they  are  judged  out  of  danger  of  privateers,  &c. 

FLEETING,  the  act  of  changing  the  situation  of  a  tackle 
when  the  blocks  are  drawn  together;  also  of  changing  the 
position  of  the  dead-eyes,  when  the  shrouds  are  become  too 
long,  which  is  done  by  shortening  the  shrouds  and  turning  in 
the  dead-eye  again  higher  up  ;  the  use  of  fleeting  is  accordingly 
to  replace  the  mechanical  powers  in  a  state  of  action,  the  force 
by  which  they  operated  being  destroyed  by  the  meeting  of  the 
blocks  or  dead-eyes.  Fleeting,  therefore,  is  nearly  similar  to 
the  winding  up  of  a  watch  or  clock. 

FLESH,  in  Anatomy,  a  fibrous  part  of  an  animal  body,  soft 
and  bloody,  being  that  of  which  most  of  the  other  parts  are 
composed,  and  by  which  they  are  connected  together  ;  or,  more 
properly,  it  is  that  part  of  the  body  where  the  blood-vessels 
are  so  small  as  only  to  retain  blood  enough  to  preserve  their 
colour  red. 

FLESHER,  in  Scotland,  is  a  butcher  ;  and  in  Glasgow  and 
some  other  places,  there  are  corporations  ofjieshers. 

FLEXIBLE,  is  the  property  or  quality  of  a  body  that  may 
be  bent. 

FLEXURE,  or  Flexion,  is  the  bending  of  a  line  or  figure.  . 

FLINT.  This  mineral  consists  of  08  silica,  050  lime,  0-25 
alumina,  025  oxide  of  iron,  and  I'O  loss.  Its  principal  use  is 
foi  Run-flints,  and  it  is  also  reduced  to  a  powder,  and  used  in 
the  manufacture  of  porcelain  and  glass.  The  manufacture  of 
gun-flints  is  exceedingly  simple,  and  a  good  workman  will 
make  1000  flints  a  day.  The  whole  art  consists  in  striking  the 
stone  repeatedly  with  a  kind  of  mallet,  and  bringing  ofl' at  each 
stroke  a  splinter  sharp  at  one  end,  and  thicker  at  the  other. 
The  splinters  are  afterwards  shaped  at  pleasure,  by  laying  the 
line  at  which  it  is  wished  they  should  break,  upon  a  sharp 
instrument,  and  then  giving  it  small  blows  vvith  a  mallet. 

FLOAT,  a  raft  or  quantity  of  timber  fastened  together,  to  be 
driven  along  a  river  by  the  tide  or  current. 

FLOAT  Boards,  those  boards  which  are  fixed  to  the  rim,  or 
circumference,  of  undershot  water  wheels,  serving  to  receive 
the  impulse  of  the  stream,  and  by  which  means  the  mill  is  put 
into  motion. 

FLOATING  Bodies,  are  those  which  swim  on  the  surface 
of  a  fluid,  the  stability,  equilibrium,  and  other  circumstances 
of  which  form  an  interesting  subject  of  mechanical  and  hydro- 
statical  investigation,  particularly  as  applied  to  the  construc- 
tion and  management  of  ships  and  other  vessels.  The  equili- 
brium of  floating  bodies  is  of  two  kinds,  viz.  stable  or  absolute, 
and  unstable  or  tottering.  In  the  one  case,  if  the  equilibrium 
be  ever  so  little  deranged,  the  bodies  which  compose  the  system 
only  oscillate  about  their  primitive  p  sition,  and  the  equilibrium 
is  then  said  to  be  firm,  or  stable.  And  this  stability  is  absolute  if 
it  takes  place,  whatever  be  tlie  nature  of  tlie  oscillations  ;  but  it 
is  relative,  if  it  only  takes  place  in  oscillations  of  a  certain 
description.  In  the  other  state  of  equilibrium,  if  the  system  be 
ever  so  little  deranged,  all  bodies  deviate  more  and  more,  and 
the  system,  instead  of  any  tendency  to  establish  it.'self  in  its 
primitive  position,  is  overset,  and  assumes  a  new  position, 
entirely  different  from  the  former ;  and  this  is  called  a  tottering, 
or  unstable,  equilibrium. 

We  may  form  a  just  conception  of  these  two  states,  by  sup- 
posing an  ellipse  placed  vertically  on  an  horizontal  pUnc ;  if 
the  ellipse  is  in  equilibrium  on  its  smaller  axis,  it  is  evident  that 
upon  a  slight  derangement,  it  will  tend  to  regain  its  original  posi- 
tion, after  several  small  oscillations,  which  will  soon  be  termi- 
nated by  the  friction  and  resistance  of  the  air  ;  but  if  the  ellipse 
be  placed  in  equilibrium  on  its  greater  axis,  if  once  it  deviates 
from  this  position,  it  will  continue  to  deviate  more  and  more, 
till  it  finally  turns  itself  on  its  lesser  axis.  In  the  above 
example,  there  is  this  remarkable  circumstance  ;  the  four  posi- 
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tions  of  equilibrium  of  the  ellipse,  on  the  extremities  of  its  two 
axes,  are  alternately  stable  and  unstable  ;  and  this  takes  place 
in  every  case.  For,  suppose  two  positions  of  stable  equilibrium 
to  take  place  in  any  body,  and  such  that  there  does  not  exist 
between  them  any  position  of  the  same  kind,  if  the  body  be 
placed  in  one  of  these  positions,  and  is  made  to  deviate  from 
it,  and  to  approach  the  other,  according  as  this  deviation  is 
greater  or  less,  the  body  will  either  return  to  its  original  state,  or 
will  arrive  at  the  other  position.  There  will  evidently,  therefore, 
he  some  intermediate  position,  in  which  the  body  will  neither  tend 
towards  one  or  the  other  of  the  former,  but  will  remain  at  rest; 
but  this  stateof  equilibrium  will  be  unstable,  since,  if  the  body  be 
made  to  deviate  ever  so  little  towards  one  of  the  other  positions, 
it  will  necessarily  arrive  at  it.  Hence,  it  appears,  that  if  a  body 
turning  round  a  lixed  axis  passes  through  several  positions  of 
equilibrium,  they  will  be  alternately  stable  and  unstable. 

The  stability  of  a  floating  body  is  the  greater  as  its  centre  of 
gravity  is  lower  than  that  of  the  displaced  fluid,  or  as  the  dis- 
tance between  these  centres  is  increased  ;  it  is  for  this  reason, 
that  ballast  is  put  in  the  lower  part  of  vessels  to  prevent  them 
from  being  overset.  The  nature  of  the  equilibriimi,  as  to 
stability,  depends  on  the  position  of  a  certain  point,  called  the 
centre  ol' pressure ;  which  term  was  first  adopted  by  Bouguer,  in 
in  his  "  Traite  du  Navire." — When  the  centre  of  pressure  is 
above  that  of  gravity,  the  equilibrium  is  stable  ;  when  it  is  lower 
than  the  centre  of  gravity,  thecquillbrium  is  tottering  ;  when  this 
centre  coincides  with  the  centre  of  gravity,  the  hody  will  remain 
at  rest  wherever  it  is  placed,  without  any  tendency  to  oscillation. 

Laplace  gives  the  following  rule  for  determining  whether  the 
force  which  solicits  the  system,  tends  to  restore  it  to  the  same 
state  again  when  deranged  from  its  primitive  position,  which 
is  as  follows  : — If  through  the  centre  of  gravity  of  the  section 
of  the  surface  of  the  water  on  which  a  body  floats,  we  con- 
ceive  a  horizontal  axis  to  pass,  such  that  the  sum  of  the  pro- 
ducts of  every  element  of  the  section,  multiplied  by  the  square 
of  its  distance  from  this  axis  be  less  than  any  other  horizontal 
axis  drawn  through  the  same  centre,  the  equilibrium  will  be 
stable  in  every  direction;  when  this  sum  surpasses  the  product 
of  the  volume  of  the  displaced  lluid,  by  the  height  of  the  centre  of 
gravity  of  the  body  above  the  centre  of  gravity  in  this  volume. 

This  rule  is  principally  useful  in  the  construction  of  vessels 
which  require  sufBcient  stability  to  enable  them  to  resist  the 
effects  of  storms,  which  tend  to  submerge  them.  In  a  ship,  the 
axis  drawn  from  the  stern  to  the  prow,  is  that  relative  to  which 
the  sum  above  mentioned  is  a  minimum  ;  it  is  easy  therefore  to 
ascertain  and  measure  its  stability  by  the  preceding  rule. 

In  order  that  a  floating  body  may  remain  in  cquilibrio, 
it  is  also  necessary  that  its  centre  of  gravity  be  in  the  same 
vertical  line  with  the  centre  of  gravity  of  the  displaced  fluid, 
otherwise  the  weight  of  the  solid  will  not  be  completely  coun- 
teracted by  the  pressure  of  the  displaced  fluid.  When  the  Ion  er 
surface  of  a  floating  body  is  spherical  or  cylindrical,  the  centre 
must  coincide  with  the  centre  of  the  figure,  since  the  height 
of  this  point,  as  well  as  the  form  of  the  portion  of  the  fluid  dis- 
placed, must  remain  invariable  in  all  circumstances.  The  place 
of  the  centre  is  determined  by  the  doctrine  of  forces  combined 
with  the  elementary  principles  of  hydrostatics,  by  considering 
the  form  and  extent  of  the  surface  of  the  displaced  portion  of  the 
fluid,  compared  with  its  bulk  and  with  the  situation  of  its  centre 
of  gravity.  If  a  rectangular  beam  be  floating  on  its  surface,  the 
height  of  the  centre  of  pressure  above  the  centre  of  gravity 
will  be  to  the  breadth  of  f  lie  beam,  as  the  breadth  is  to  twelve 
times  the  depth  of  the  part  immersed.  Hence,  if  the  beam  be 
square  it  will  float  securely,  when  cither  the  part  immersed,  or 
the  part  above  the  surface,  is  less  than  tWoofIhe  whole,  but 
when  it  is  less  unequally  divided  by  the  surface  of  the  fluid,  it 
will  overset.  If  however  the  breadth  be  so  increased  as  to  be 
nearly  one-fourth  greater  than  the  depth,  it  will  possess  a  certain 
degreeof  stability,  whatever  its  density  may  be.     See  Iceberg. 

Floating  Breuhuuler.  This  marine  contrivance  may  con- 
sist of  a  series  of  square  frames  of  timber,  connected  by  moor- 
ing chains,  or  cables  attached  to  anchors,  or  blocks  of  marble. 
The  framework  may  be  made  of  logs  of  Quebec  yellow 
pine,  from  30  to  50  feet  long,  and  from  18  to  20  inches  square, 
bolted  together  very  firmly,  and  increased  in  height  as  the 
situation  may  be  boisterous,  iu  order  to  break  the  violence  of 
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the  agitated  waves,  and  allow  the  vessels  riding  within  these 
quadrangular  basins  more  safety  and  protection.  .Such  break- 
waters are  admirably  adapted  to  bathing-places  and  swimming 
stations,  since  they  will  always  produee  smooth  water  and 
protect  the  machines.  Indeed,  the  Kditur  would  recommend 
the  establishment  of floatinij  breakwater  baths  at  batliing-plaee.'t 
on  the  sea-coast.  Tfiese  might  be  so  framed  with  reticulated 
fencing  for  their  ."iidcs  and  bottoms,  or  with  actual  net-«ork, 
as  to  afford  perfect  safety  against  drowning,  even  to  persons 
who  could  not  swim.     See  Swimming. 

FLOOD,  the  flux  of  the  tide,  or  the  time  the  water  continues 
rising  ;  called  a  young  flood,  quarter-flood,  half  flood,  high  flood. 
FLOORING,  among  Miners,  a  term  used  to  express  a  pecu- 
liarity in  the  load  of  a  mine.  .  The  load,  or  quantity  of  ore,  is 
frequently  intercepted  by  the  crossing  of  a  different  substance; 
in  which  case  the  load  is  moved  to  one  side,  and  this  transient 
part  of  the  land  is  called  a  flooking. 

FLOOR  OF  A  Room,  is  best  made  of  good  seasoned  deal, 
from  4  to  7  inches  broad,  and  of  as  great  lengths  as  possible, 
from  12  to  18  feet.  Floors  may  be  laid  either  jilouffhed  or 
(holed;  when  ploughed,  the  feather  may  be  worn  tlirough,  and 
then  the  floor  looks  wretched,  besides  the  greater  quantity  of 
nails  that  feathered  flooring  requires,  render  it  less  desirable 
than  dooled  flooring,  in  which  there  is  neither  groove  nor 
feather,  and  but  very  few  nails  ;  but  then  this  last  admits  the 
dust  much  more  than  the  other. 

Floou,  the  bottom  of  a  ship,  or  all  that  part  on  each  .side  of 
the  keel  which  approaches  nearer  to  an  horizontal  than  a  per- 
pendicular situation,  and  whereon  she  rests  when  aground  ; 
thus  we  say,  a  sharp  floor,  a  flat  floor,  a  long  floor,  &c. 

Floor  Timbers,  arc  those  parts  of  the  ship's  timbers  which  arc 
placed  immediately  across  the  keel,  and  upon  which  the  bottom 
of  the  ship  is  framed  ;  to  these  the  upper  parts  of  the  tiudicrs 
are  united,  being  only  a  continuation  of  floor-timbers  upwards. 
FLORIN,  is  sometimes  usid  for  a  coin,  and  sometimes  for  a 
money  of  account.  The  florin  coin  is  of  different  values.  The 
gold  florins  are  most  of  them  of  a  coarse  alloy,  some  of  them 
not  exceeding  thirteen  or  fourteen  carats,  and  none  of  them 
seventeen  and  a  half.  As  to  silver  florins,  those  of  Holland 
are  worth  about  \s.  Hd. 

FLOS,  in  Chemistry,  the  most  subtile  parts  of  bodies,  sepa- 
rated from  the  more  gross  parts  by  sublimation,  in  a  dry  form. 
FLOTSAM,  Ji  TS.\M  and  Lagan,  in  Law.  Flotsam  is  when 
a  ship  is  sunk  or  cast  away,  and  the  goods  float  on  the  sea: 
jetsam  is  when  a  ship  is  in  dangerof  being  sunk,  and  to  lighten 
the  ship  the  goods  are  thrown  overboard,  and  the  ship  notwith- 
standing perishes  ;  and  lagan  is  when  the  goods  so  cast  into 
the  sea  are  so  heavy  that  they  sink  to  the  bottom,  and  there- 
foie  the  mariners  fasten  to  them  a  buoy  or  cork,  or  such  other 
thing  that  will  not  sink,  to  enable  them  to  find  them  again. 

FLOUR  Mills,  are  put  in  motion  by  wind,  water,  steam, 
&c.  We  have  before  us  "  the  Steel  Corn  Mill,"  «hich,  from 
its  being  portable,  is  of  great  use  in  armies,  on  shipboard, 
and  even  in  private  families.  Externally,  this  mill  wears  the 
appearance  given  it  in  the  annexed  figure.  It  is  said,  this  mill 
will  produce  flour  equal  in  quality  of  fineness  with  the  first-rate 

water  or  Hind  mills;  and  by  the 
simple  addition  of  a  couple  of  ex- 
tra grinding  plates,  to  shift  as  oc- 
casion may  require,  this  mill  be- 
comes at  once  a  general  grinding 
mill  for  grain,  rice,  coffee,  itc.  B 
is  a  strong  board,  on  which  the 
work  is  fixed.  D  E,  a  winch  to 
turn  the  mill.  A,  the  box  that 
covers  the  internal  machinery. 
C,  the  hopper  :  and  the  engraving 
of  the  ••  Patent  Portable  Com  Mill," 
on  the  Plate  Mills,  is  a  section  of 
this  machine,  as  you  look  down 
upon  it  when  the  lid  is  removed. 
To  regulate  the  mill  lift,  the  pole  3  out  of  the  ratchet  w  heel  2,  then 
move  the  regulator  I  to  the  right,  if  you  wish  the  mill  set  fine, 
viz.  for  grinding  flour,  &c.  ;  or  to  the  left,  to  set  it  coarser,  rii. 
for  malt,  oats,  beans,  &e.  Svhen  the  mill  is  properly  regulated, 
let  tlie  pule  fall  into  one  of  the  divisions  of  the  ratchet  wheel,  bj 
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which  the  plates  will  be  kept  in  the  position  you  wish.  To  ease 
tlie  tViclion  of  the  spindle,  and  make  the  mill  work  easy,  it  is 
necessary  to  apply  oil  frequently  to  the  points  marked  4.  If  a 
small  stone,  or  other  hart!  substance,  should  get  between  the 
plates  and  check  the  working  of  the  mill,  it  can  be  instantly 
relieved  by  turning  the  regulator  to  the  left,  by  which  means  it 
will  drop  out.  To  clean  the  mill  before  using  it  for  Hour,  run 
a  few  handsful  of  common  grain  through  the  plates  two  or 
three  times,  which  w  ill  remove  any  dirt  that  may  settle  between 
them.  Care  should  be  taken  not  to  set  the  mill  too  tight,  as  it 
not  only  makes  it  work  bard,  but  wears  the  face  of  the  plates 
unnecessarily,  and  in  some  measure  destroys  the  vegetable 
quality  of  the  wheat.  There  is  a  key  to  take  the  mill  to  pieces 
if  required,  or  put  it  together,  to  perform  which  no  instructions 
are  necessary. 

The  whole  apparatus  is  contained  in  a  neat  iron  case,  mea- 
suring only  13  inches  by  8,  and  10  inches  deep.  The  movements 
are  rendered  simple  and  cfl'cctual,  and  the  mill  is  so  easy  to 
work,  that  a  stout  boy  will  be  able  to  grind  as  much  flour  in 
two  or  three  hours  as  a  family  of  six  or  eight  people  will 
consume  in  a  week  ;  and  it  is  calculated,  that  a  very  few 
persons  can  grind  and  dress  suflicient  to  meet  the  consumption 
of  a  regiment  of  one  thousand  men.  The  London  Portable 
Mill  Company,  in  Cheapside,  do  not  claim  the  merit  of  the 
original  invention,  but  of  bringing  the  French  Military  Mill  to 
perfection,  for  general,  public,  and  domestic  uses,  by  facili- 
tating its  operations,  and  by  otherwise  improving  it  to  an 
extraordinary  degree. 

We  shall  describe  a  flour  mill  of  the  most  common  sort,  as 
follows.  (See  Plate,  Mills.)  A  B  is  the  water  wheel,  which  is 
generally  from  eighteen  to  twenty-four  feet  in  diameter, 
reckoned  from  the  uttermost  edge  of  any  float-board  at  A,  to 
that  of  the  opposite  one  at  B.  The  wheel  is  fixed  upon  a  very 
strong  axis,  or  shaft  C,  one  end  of  which  rests  on  D,  and  the 
other  on  E,  within  the  mill-house.  On  this  shaft,  or  axis,  and 
within  the  mill-house,  is  a  wheel  F,  about  8  or  9  feet  in 
diameter,  having  cogs  all  round,  which  work  in  the  upright 
slaves,  or  rounds  ot  a  trundle  G.  This  trundle  is  fixed  upon  a 
strong  iron  axis,  called  the  spindle,  the  lower  end  of  which 
turns  in  a  brass  foot,  fixed  at  H,  in  a  horizontal  beam  H  M, 
called  the  bridge-tree  ;  and  the  upper  and  of  the  spindle  turns 
in  a  wooden  bush  fixed  into  the  nether  millstone,  which  lies 
upon  beams  in  the  lloor  I.  The  top  of  the  spindle  above  the 
bush  is  square,  and  goes  into  a  square  hole  in  a  strong  iron 
cross,  called  the  rynd  ;  under  which,  and  close  to  the  bush,  is 
a  round  piece  of  thick  leather  upon  the  spindle,  which  it  turns 
round  at  the  same  time  as  it  does  the  rynd.  The  rynd  is  let 
into  grooves  in  the  under  surface  of  the  running  millstone  K, 
and  so  turns  it  round  in  the  same  time  that  the  trundle  G  is 
turned  round  by  the  cog-wheel  F.  This  stone  has  a  large  hole 
quite  through  its  middle,  called  the  eye  of  the  stone,  through 
■which  the  middle  part  of  the  rynd  and  upper  end  of  the  spindle 
raay  be  seen,  whilst  the  four  ends  of  the  rynd  lie  below  the 
stone  in  their  grooves.  One  end  of  the  bridge-tree  which  sup- 
ports the  spindle,  rests  upon  the  wall,  whilst  the  other  is  let 
into  a  beam,  called  the  braycr,  L  M.  The  brayer  rests  in  a 
mortise  at  L,  and  the  other  end  M,  hangs  by  a  strong  iron  rod 
N,  which  goes  through  the  floor  I,  and  has  a  screw-nut  on  its 
top  at  O  ;  by  the  turning  of  which  nut,  the  end  M  of  the  brayer 
is  raised  or  depressed  at  pleasure,  and  consequently  the  bridge- 
tree  and  the  upper  millstone.  By  this  means,  the  upper  mill- 
stone may  be  set  as  close  to  the  under  one,  or  raised  as  high 
from  it,  as  is  convenient. 

The  corn  will  be  ground  fine  or  coarse,  according  to  the 
distance  of  the  millstones  from  each  other.  On  the  top  of  the 
box  which  encloses  the  millstone,  stands  a  frame  for  holding 
the  hopper  P,  to  which  is  hung  the  shoe  Q,  by  two  lines 
fastened  to  the  hinder  part  of  it.  fixed  upon  hooks  in  the  hopper, 
and  by  one  end  of  the  string  R  fastened  to  the  fore  part  of  it, 
the  other  end  being  twisted  round  the  pin  S.  As  the  pin  is 
turned  one  way,  the  strini  draws  up  the  shoe  closer  to  the  hop- 
per, and  so  lessens  the  aperture  between  them  ;  and  as  the  pin 
is  turned  the  other  way  it  lets  down  the  shoe,  and  enlarges  the 
aperture.  If  the  shoe  be  drawn  up  quite  to  the  hopper,  no  corn 
can  fall  from  the  hopper  into  the  mill ;  if  it  be  let  down  a  little, 
some  will  fall;  and  the  quantity  will  be  more  or  less,  according 


as  the  shoe  is  more  or  less  let  down  ;  for  the  hopper  is  open  at 
bottom,  and  there  is  a  hole  in  the  bottom  of  the  shoe,  not  directly 
undei  the  bottom  of  the  hopper,  but  nearer  the  lowest  end  of 
the  shoe,  over  the  middle  eye  of  the  millstone.  There  is  a 
square  hole  in  the  top  of  the  spindle,  in  which  is  put  the  feeder 
F ;  this  feeder,  as  the  spindle  turns  round,  jogs  the  shoe  three 
times  in  each  revolution,  and  so  causes  the  corn  to  run  con- 
stantly down  from  the  hopper  through  the  shoe  into  the  eye  of 
the  millstone,  where  it  falls  upon  the  top  of  the  rynd,  and  is, 
by  the  motion  of  the  rynd,  and  the  leather  under  it,  thrown 
below  the  upper  stone,  and  ground  between  it  and  the  lower 
one.  The  violent  motion  of  the  stone  creates  a  centrifugal 
force  in  the  corn  going  round  with  it,  by  which  means  it  gets 
farther  and  farther  from  the  centre,  as  in  a  spiral,  in  every 
revolution,  until  it  be  quite  throw  n  out  ;  and  being  then  ground, 
it  falls  through  a  spout,  railed  the  mill-eye,  into  a  trough. 

When  too  much  corn  is  let  into  the  mill,  or  when  the  mill  is 
fed  too  fast,  the  corn  bears  up  the  stone,  and  is  ground  too 
coarse;  and  besides,  it  clogs  the  mill,  so  as  to  make  it  go  too 
slow.  When  the  mill  is  too  sloivly  fed  it  goes  too  fast,  and  the 
stones,  by  their  attrition,  are  apt  to  strike  (ire.  Both  which 
inconveniences  are  avoided  by  turning  the  pin  S  backward  or 
forward,  which  draws  up  or  lets  down  the  shoe,  and  thus  regu- 
lates the  feeding,  as  is  found  convenient ;  the  greater  the 
quantity  of  water  that  falls  upon  the  wheel,  and  the  heavier  the 
running  millstone  is,  the  faster  will  the  mill  bear  to  be  fed.  and 
consequently  it  will  grind  the  more.  And  on  the  contrary,  the 
lighter  the  stone,  and  the  less  the  quantity  of  water,  so  much 
slower  must  the  feeding  be.  But  w  hen  the  stone  is  considerably 
worn,  and  become  light,  the  mill  must  be  fed  slowly  at  any 
rate ;  otherwise  the  stone  will  be  too  much  borne  up  by  the 
corn  under  it,  which  will  make  the  meal  coarse.  The  power 
sufficient  to  turn  a  heavy  millstone,  is  but  very  little  more  than 
what  is  necessary  to  turn  a  light  one;  for  as  it  is  supported 
upon  the  spindle  by  the  bridge-tree,  and  the  end  of  the  spindle 
that  turns  in  the  brass  foot  therein  being  but  small,  the  dilier- 
ence  arising  from  the  weight  is  but  very  inconsiderable  in  its 
action  against  the  power  or  force  of  the  water. 

It  is  natural  the  corn  should  be  crushed  when  it  comes  to  a 
place  where  the  interval  between  the  two  millstones  is  less 
than  its  thickness,  yet  the  upper  millstone  being  supported  on 
a  point  which  it  can  never  quit,  it  does  not  so  clearly  appear 
why  it  should  produce  a  greater  effect  w  hen  it  is  heavy,  than 
when  it  is  light;  since,  if  it  were  equally  distant  from  the 
nelher  millstone,  it  could  only  be  capable  of  a  limited  impres- 
sion :  but  as  experience  proves  that  this  is  really  the  case,  it  is 
necessary  to  discover  the  cause.  The  spindle  of  the  millstone 
being  supported  by  a  horizontal  piece  of  timber,  about  nine  or 
ten  feet  long,  resting  only  on  both  its  ends,  by  the  elasticity  of 
this  piece,  the  upper  millstone  is  allowed  a  vertical  motion, 
playing  up  and  down  ;  by  which  movement,  the  heavier  the 
stones  are,  the  more  strongly  is  the  corn  pressed  between  them. 
Both  the  upper  and  under  millstones  have  channels  cut  into 
them,  {see  Jigs.  1  V  2,  pai/e  319.)  obliquely  from  the  centre  to  the 
circumference,  in  order  to  cut  and  grind  the  corn.  These 
furrows  are  cut  perpendicularly  on  one  side,  and  obliquely  on 
the  other,  which  gives  each  furrow  a  sharp  edge;  and  in  the 
two  stones  they  come,  as  it  were,  against  one  another,  like  the 
edges  of  a  pair  of  scissars,  and  so  cut  the  corn  to  make  it  grind 
the  easier,  when  it  falls  upon  the  places  between  the  furrows. 
These  are  cut  the  same  way  in  both  stones,  when  they  lie  upon 
their  backs,  which  makes  them  run  crossways  to  each  other 
when  the  upper  stone  is  inverted,  by  turning  its  furrowed 
surface  towards  that  of  the  lower;  for  if  the  furrows  of  both 
stones  lay  the  same  way,  a  great  deal  of  the  corn  would  be 
driven  onw  ard  in  the  lower  furrows,  and  so  come  out  from 
between  the  stones,  without  being  cut  or  bruised.  Also  the 
grinding  surface  of  the  under  stone  is  a  little  convex  from  the 
edge  to  the  centre,  and  that  of  the  upper  stone  a  little  concave, 
so  that  they  are  farthest  from  one  another  in  the  middle,  and 
approaching  gradually  nearer  towards  the  edges.  By  this 
means  the  corn,  at  its  first  entrance  betw  een  the  stones,  is  only 
bruised  ;  but  as  it  goes  farther  on  towards  the  circumference 
or  edge,  it  is  cut  smaller  and  smaller,  and  at  last  finely  ground, 
just  before  it  comes  out  from  between  them.  When  the  fur- 
rows become  blunt  or  shallow  by  wearing,  the  running  stoue 
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must  be  taken  up,  anJ  both  stones  new  drcst  with  chisel  and 
hammer;  and  every  time  the  stone  is  taken  up,  tlierc  must  be 
some  tallow  put  round  the  spindle  upon  the  bush,  which  will 
soon  be  melted  by  the  heat  ihe  spindle  acquires  from  its  turn- 
ing and  rubbing  against  the  bush,  and  so  will  get  in  betwixt 
them,  otherwise  the  bush  would  take  fire  very  soon. 

The  bush  must  embrace  the  spitidle  quite  close,  to  prevent 
any  shake  in  the  motion,  wliicli  would  make  some  parts  of  the 
stones  grate  and  lire  against  each  other,  whilst  the  other  parts 
of  them  would  be  too  far  asunder,  and  by  that  means  spoil  the 
meal.  Whenever  the  spindle  wears  the  bush,  so  as  to  begin 
to  shake  in  it,  the  stone  must  be  taken  up,  and  a  chisel  driven 
into  several  parts  of  the  bush ;  and  when  it  is  taken  out, 
wooden  wedges  must  be  forced  into  the  holes,  by  which  means 
the  bush  will  be  made  to  embrace  the  spindle  again,  close  all 
round.  In  doing  this,  great  care  must  be  taken  to  drive  equal 
wedges  into  the  busli  on  opposite  sides  of  the  spindle,  other- 
wise it  will  be  thrown  out  of  tlie  perpendicular,  and  so  hinder 
the  upper  stone  from  being  set  parallel  to  Ihe  under  one,  which 
is  absolutely  necessary  for  making  good  work.  When  any 
accident  of  this  kind  happens,  the  perpendicular  position  of 
the  spindle  must  be  restored  by  adjusting  the  bridge-tree  with 
proper  wedges  between  the  braver  and  it. 

It  frequently  occurs,  that  the  ryiid  is  a  little  wrenched  in 
laying  down  the  upper  stone  upon  it,  or  is  made  to  sink  a  liltle 
lower  on  one  side  of  the  spindle  than  on  the  otlicr,  and  this 
will  cause  one  edge  of  the  upper  stone  to  drag  all  round  upon 
the  other,  while  the  opposite  edge  will  not  touch.  But  this  is 
easily  set  to  rights,  by  raising  the  stone  a  little  «ith  a  lever, 
and  putting  bits  of  paper,  cards,  or  thin  chips,  between  the 
rynd  and  the  stone. 

A  less  i|uantily  of  water  will  turn  an  overshot  mill  (where 
the  wheel  has  buckets  instead  of  float-boards)  than  a  breast- 
mill,  where  the  fall  of  water  seldom  exceeds  half  the  height  of 
the  wheel  j  so  that  where  there  is  but  a  small  quantity  of  water, 
and  a  fall  great  enough  for  the  wheel  to  lie  under  it,  the  bucket, 
or  overshot  wheel,  is  always  used  ;  but  where  there  is  a  large 
body  of  water  with  a  little  fall,  the  breast,  or  float-board  wheel, 
must  be  used.  Where  the  water  runs  only  upon  a  small  decli- 
vity, it  can  act  but  slowly  upon  the  under  part  of  the  wheel  ; 
in  which  case,  the  motion  of  the  wheel  will  be  slow,  and  there- 
fore the  floats  ought  to  be  very  long,  though  not  high,  that  a 
large  body  of  water  may  act  upon  them,  so  that  what  is  want- 
ing in  velocity  may  be  made  up  in  power;  and  then  the  cog- 
wheel may  have  a  greater  number  of  cogs,  in  proportion  to  tlie 
rounds  in  the  trundle,  in  order  to  give  the  millstone  a  suflicient 
degree  of  velocity. 

It  was  the  opinion  of  Smeaton,  that  the  powers  necessary  to 
produce  the  same  eflect  on  an  undershot  wheel,  a  breast- 
wheel,  and  an  overshot  wheel,  must  be  to  each  other  as  the 
numbers  2-4,  1-75,  and  1.  For  the  float-board  of  a  river  mill  is 
impelled,  not  by  the  velocity  of  the  stream,  but  only  by  the  ex- 
cess of  this  above  the  velocity  of  the  board  itself.  In  the  under- 
.shot  wheel  a  great  loss  of  power  is  occasioned  by  the  accumu- 
lation of  dead  water,  or  of  the  water  which  having  impinged 
against  the  float-hoard,  remains  nearly  stagnant,  and  therefore 
impedes  the  advance  of  the  next  float-board. 

In  the  Plate  o( Mills,  we  have  given  a  section  of  a  DOUBLE 
FLOUR  MILL,  of  which  A  A  is  the  water  wheel  ;  B  B  the 
shaft  or  axle  ;  C  C  a  wheel  fixed  upon  the  same  axle,  contain- 
ing 90  teeth,  or  cogs,  to  drive  the  pinion  ;  No.  1  having  23 
teeth,  which  is  fastened  upon  the  vertical  shaft  D.  No.  2,  a 
wheel  fixed  upon  the  shaft  D,  contaioirig  82  teeth,  to  turn  the 
two  pinions  F,  F,  having  15  teeth,  whi-cli  arc  fastened  upon  the 
iron  axles  or  spindles  that  carry  the  two  upper  millstones. 
E  E,  the  beam  or  sill  that  supports  the  frame  on  which  the 
under  millstones  are  laid.  G  G,  the  cases  or  boxes  tliat 
enclose  the  upper  millstones  ;  they  should  be  about  two  inches 
distant  from  the  stone  all  round  its  circumference.  TT,  the 
bearers,  called  bridc/es,  upon  which  the  under  end  of  the  iron 
spindles  turn.  These  spindles  pass  upward  through  a  hole  in 
the  middle  of  the  nether  millstones,  in  which  is  fixed  a  wooden 
bush  that  their  upper  ends  turn  in.  The  top  part  of  the 
spindles  above  each  wooden  bush,  is  made  square,  and  goes 
into  a  square  hole  in  an  iron  cross,  which  is  admitted  into 
grooves  in  the  middle  and  under  surface  of  the  upper  mill- 


^one.  By  this  means  that  stone  is  carried  round  along  with 
the  trundles  F  F,  when  turned  by  the  wheel  No.  2.  One  end 
of  the  bridges  TT,  is  put  into  mortises  in  fixed  bearers,  and 
the  other  end  into  mortises  in  the  bearers  that  move  at  one 
end  on  iron  bolls,  their  other  ends  hanging  by  iron  rods  having 
screwed  nuts,  as  U  U,  so  that  when  turned  forward  or  back- 
ward, they  raise  or  depress  the  upper  millstones,  according  as 
the  miller  finds  it  necessary.  S  S,  the  feeders,  in  the  under 
end  of  each  of  which  is  a  square  socket  that  goes  upon  the 
square  of  the  .»pindles  above  the  iron  cross  or  rynd,  and  having 
three  or  four  branches  that  move  the  spout  or  shoe,  and  feed 
the  wheat  constantly  from  the  hoppers  into  the  hole  or  eye  of 
the  upper  millstone,  where  it  is  introduced  betwixt  the  stones, 
and  by  the  circular  motion  of  the  upper  stone  acquires  a  centri- 
fugal force  ;  and  proceeding  gradually  from  the  eye  of  the  mill- 
stone towards  the  circuml^erence,  is  at  length  thrown  out  in 
flour  or  meal.  K  R,  the  sluice,  machine,  and  handle,  to  raise 
the  sluice,  and  let  the  water  on  the  wheel  A  to  drive  it  round. 
No.  3  is  a  wheel  fixed  upon  the  shaft  I),  containing  4-1  teeth. 
to  turn  the  pinion  No.  4,  having  15  teeth,  which  is  fastened 
upon  the  horizontal  axle  H.  On  this  axle  is  also  fixed  the 
barrel  K,  on  which  go  the  two  leather  belts  that  turn  the  wire 
engine  and  bolting  mill.  L,  an  iron  spindle,  in  the  under  end 
of  which  is  a  square  socket  that  takes  in  a  square  on  the  top 
of  the  gudgeon  of  the  vertical  shaft  IJ.  There  is  a  pinion  M. 
of  9  teeth,  fixed  on  the  upper  end  of  the  spindle  L,  to  turn  the 
wheel  M  M,  having  48  teeth,  which  is  fastened  upon  the  axle 
round  which  the  rope  ZZ  rolls,  to  carry  the  sacks  of  flour  up 
to  the  cooling  benches.  By  pulling  the  cord  O  O  a  little,  the 
wheel  M  M  and  its  axle  are  put  into  motion,  in  consequence  of 
that  wheel  and  its  axle  being  moved  horizontally,  until  the 
teeth  of  the  wheel  are  brought  into  contact  with  those  of  the 
pinion  at  the  top  oi  the  spindle  L;  and  on  the  contrary,  by 
pulling  the  cord  1*  P,  the  wheel  M  and  its  axle  are  moved  in 
the  opposite  horizontal  direction,  till  they  are  thrown  out  of 
geer  with  the  pinion,  and  the  rutatory  motion  of  that  wheel 
stops.  But  when  the  sack  of  flour  is  raised  up  to  the  lever  Q, 
it  pushes  up  that  end  of  the  lever,  and  of  course  Ihe  other  end 
down  ;  by  which  means  the  pinion  M  is  disengaged,  and  thus 
that  part  of  the  machine  slops  of  itself.  N  N  are  two  lar'.;e 
hoppers,  into  which  the  clean  wheat  is  put  to  be  conveyed 
down  to  the  hoppers  S  S,  placed  on  Ihe  frame  immeiliately 
above  the  millstones.  W  W,  the  side  wall  of  the  millhonse. 
V,  the  couples  or  frame  of  the  roof.  X  X,  windows  to  lighten 
the  house. 

Undi'.R-Mii.lstone. — ri(/.  1.  Fig.  I,  is  a  correct  repre- 

sentation of  the  surface  of 
Iheundergrimling  millstone; 
the  way  of  laying  out  the 
roads  or  channels;  the  wood- 
en bush  fixed  into  the  hole 
in  its  middle,  in  which  the 
upper  end  of  the  iron  spindle 
turns  round  ;  and  the  case 
or  hoops  that  surround  the 
upper  one,  which  ought  to  be 
two  inches  clear  of  ilie  stone 
all  round  its  circumference. 
Fig.  2,  is  the  upper  grinding 
millstone,  with  an  iron  cross 
or  rynd  in  its  middle  ;  in  Iho 
centre  of  which  is  a  square 
hose  that  takes  in  a  square 
on  the  top  of  the  iron  spin- 
dle, to  carry  round  the  mill- 
stone. When  the  working 
sides  or  faces  of  the  mill- 
stones are  laid  uppermost, 
the  roads  (or  chauuels)  must 
lie  iir  the  same  direction  in 
both;  so  that  when  the  up- 
per stone  is  turned  over,  and 
its  surface  laid  upon  the 
under  one,  therr  the  channrU 
luav  cross  each  other,  which 
assists  iu  grinding  aud  throw- 
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ing  out  tlie  (lour;  the  sharp  edges  of  the  two  furrows  then  cut- 
ting against  each  other  like  scissors.  The  roads  are  likewise 
laid  out  according  to  tlie  way  the  upper  stone  revolves.  Iu 
those  represented  in  the  figures  the  running  millstone  is  sup- 
posed to  turn  '  suji-way,'  or  as  in  what  is  called  a  right-handed 
mill ;  but  if  the  stone  revolves  the  other  way,  the  channels  must 
be  reversed,  and  then  the  mill  is  termed  a  left-handed  one. 

AVhcn  the  diameter  of  the  upper  stone  is  about  6  feet,  as  is 
generally  the  case,  the  lower  is  about  an  inch  more  ;  the  upper 
stone  then  contains  about  22.^  cubic  feet,  and  weighs  rather 
more  than  19,000  pounds.  A  stone  of  this  kind  ought  never  to 
revolve  more  than  CO  or  70  times  in  a  minute  ;  for  a  more 
rapid  motion  would  heat  the  meal.  Nor  must  the  water  wheel 
be  too  large,  for  in  that  ease  its  angular  motion  will  be  too 
slow  ;  on  the  contrary,  if  the  wheel  be  too  small,  it  will  be 
deficient  in  moving  power ;  18  feet  diameter  is  recommended 
as  a  proper  medium.  Ferguson,  on  the  supposition  that  the 
floats  of  the  wheel  ought  to  move  with  a  third  part  of  the 
velocity  of  the  water — a  supposition,  however,  not  strictly  con- 
sistent either  with  theory,  or  with  Smeaton's  experiments — gives 
the  following  rules  for  constructing  the  chief  parts  of  the  mill. 

1.  Measure  the  perpendicular  height  of  the  fall  of  water  in 
feet  above  that  part  of  the  wheel  on  which  the  water  begins  to 
act,  and  call  that  the  height  of  the  fall.  2.  Multiply  this  con- 
stant number  64-2882  (or  rather  64J)  by  the  height  of  the  fall  in 
feet,  and  extract  the  square  root  of  the  product,  which  will  be 
the  velocity  of  the  water  at  the  bottom  of  the  fall,  or  the  num- 
ber of  feet  the  water  moves  per  second.  3.  Divide  the 
velocity  of  the  water  by  .3,  and  the  quotient  will  be  the 
velocity  of  the  floats  of  the  wheel  in  feet  per  second.  4. 
Divide  the  circumference  of  the  wheel  in  feet,  by  the  velocity 
of  its  floats,  and  the  quotient  will  be  the  number  of  seconds 
in  one  turn  or  revolution  of  the  great  water  wheel,  on  the  axis 
of  which  is  fixed  the  cog  wheel  that  turns  the  trundle.  5. 
Divide  60  by  the  cumber  of  seconds  in  one  turn  of  the  water 
wheel  or  cog-wheel,  and  the  quotient  will  be  the  number  of 
turns  of  either  of  these  wheels  in  a  minute.  6.  Divide  60  (the 
number  of  turns  the  millstone  ought  to  have  in  a  minute)  by 
the  abovesaid  number  of  turns,  and  the  quotient  will  be  the 
number  of  turns  the  millstone  ought  to  have  for  one  turn  of  the 
water  or  cog  wheel.  Then,  7.  As  the  required  number  of  turns 
of  the  millstone  in  a  minute  is  to  the  number  of  turns  of  the 
cog  wheel  in  a  minute,  so  must  the  number  of  cogs  in  the 
wheel  be  to  the  number  of  staves  or  rounds  in  the  trundle  on 
the  axis  of  the  millstone,  in  the  nearest  whole  number  that  can 
be  found.— By  these  rules  the  following  table  is  calculated,  in 
which  the  diameter  of  the  water  wheel  is  supposed  18  feet,  and 
consequently  its  circumference  56^. 

The  Millwright's  Table. 


Perpen 
dieular 
height   Pi 
Ike  jail  oS 

water. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

le 

17 
18 
19 

20 


Velocity 
of  the 
water  in 
feet  per 
second. 


8-02 
11  40 
13-89 
16-04 
17-93 
19-64 
21-21 
22-68 
24-05 
25-35 
26-59 
27-77 
28-91 
30-00 
31-05 
32-07 
33-00 
34-02 
3495 
35-80 


Veloc%t}/ 
of  the 
wheel  in 
feet  per 
sectmd. 


207 

378 

4-63 

5-35 

5-98 

6  55 

7-07 

7-56 

8  02 

8-45 

8-80 

9-26 

9-64 

1000 

10-35 

1069 

11  02 

11  34 

11  05 

11-92 


No.  of 
turns  of 
the  ttlieel 

in  a 
minute. 


2-83 

4-00 

4-91 

5-67 

6-34 

6-94 

7-50 

8-02 

8-51 

8-97 

9-40 

9-82 

10-22 

10-60 

1 0-U9 

11-34 

11-70 

12-02 

12-37 

12-68 


Required 
number 
of  turns  of 
tfie  rnill- 
stone  for 
each  turn 

of 
tlie  'jilteel. 


21-20 
15-00 
12-22 
10-58 
9-46 
8-64 
8-00 
7-48 
705 
6  69 
6-38 
611 
5-87 
506 
5-46 
5-29 
513 
4-99 
4-85 
4-73 


Nearest  No. 
of  cogs  and 
staves  for 

that  purpose. 

Number 
of  turnsof 
the  mill- 
stone for 
one  thm 

of  the 

ufieel  hy 

these  cogs 

and 

o 
O 

9 

staves. 

127 

6 

24-17 

105 

7 

15-00 

98 

8 

12-25 

95 

9 

10-56 

85 

9 

9-41 

78 

9 

866 

72 

9 

8-00 

67 

9 

7-44 

70 

10 

7-00 

67 

10 

6-70 

64 

10 

j-40 

61 

10 

6-10 

59 

10 

5-80 

56 

10 

5  00 

55 

10 

5  40 

63 

10 

5-30 

51 

10 

510 

50 

10 

500 

49 

10 

4-80 

47 

10 

4-70 

Number  of 
turns  of, f.e 
millstime  tn 
I  minute  by 
these  cogs 
aiid  staves. 


59-91 
60-00 
60-14 
59-87 
59-84 
60-10 
60-00 
59-67 
59-57 
60-09 
60  16 
59-90 
60-18 
5930 
60-48 
60-10 
59  67 
60-10 
60-01 
59-59 


Fenwick's  experiments  on  some  of  the  best  mills  for  grind- 
ing corn,  were  undertaken  to  form  the  following  tables,  illus- 
trative of  the  ell'ect  of  a  given  quantity  of  water,  in  a  given 
time,  applied  to  an  overshot  water  wheel  of  a  given  size.  The 
millstones  were  from  4J  to  5  feet  diameter,  and  made  from  90 
to  100  revolutions  per  minute.  And  the  result  was,  that  the 
power  requisite  to  raise  a  weight  of  300  lbs.  avoirdupoise,  with 
a  velocity  of  190  feet  a  minute,  would  grind  one  boll  of  good 
rye  in  an  hour  ;  but  to  avoid  imperfections,  it  is  taken,  for  prac- 
tice, at  300  lbs.  raised  with  a  velocity  of  210  feet  per  minute 
(being  one-tenth  more);  and  for  grinding  2,  3,  4,  or  5,  bolls  of 
rye  per  hour,  requires  a  power  :=  300  lbs.  raised  with  the  velocity 
of  .'150,  500,  677,  or  865  feet  a  minute  respectively. 

The  dill'erence  of  the  power  requisite  to  grind  equal  quanti- 
ties of  wheat  from  that  for  rye,  is  very  trilling.  The  boll  is 
four  bushels  Winchester  measure  ;  two  bolls  are  therefore  one 
quarter.  The  power  necessary  to  raise  a  weight  of  300Ibs. 
avoirdupoise,  with  a  velocity  of  390  feet  per  minute,  will  pro- 
perly prepare  one  ton  of  old  rope  per  week,  for  the  purpose  of 
making  paper  ;  and  for  grinding  down  in  like  manner  two  tons 
of  the  same  material  in  a  week,  we  should  w  ant  a  power  able  to 
raise  ,300  lbs.  with  a  velocity  of  5'25  feet  in  a  minute,  to  work 
the  mill  12  hours  daily. 

Tables,  shewing  the  Quantity  of  Water  (Ale  Measure)  requisite 
to  grind  different  quantities  of  Corn,  from  1  <o  5  Bolls  (  Win- 
chester Pleasure )  per  hour,  applied  to  overshot  Water-Wheels, 
from  10  to  32  feet  diameter ;  also  the  size  of  the  Cylinder  of 
the  common  Steam- Engiiie  to  do  the  same  work. 


The  water-wheel  10  feet  diam. 

Diam.  in  in- 
clies  of  the 
cvlioder  of  a 
steam-engine 
to  do  tbe 
same  work. 


Bolls  of 

corn 

ground 

per   hour. 

Quantity  of 
water  requi- 
site, in  ale 

gallons, 
per  minute. 

1 

786 

n 

1056 

2 

1341 

2i 

1617 

3 

1894 

31 

22-20 

4 

2541 

^ 

2891 

5 

3242 

12-5 

146 

16-75 

18-5 

20-2 

21-75 

23-25 

2475 

26-25 


The  water-wheel,  12  feet  diam. 

Water,   gal- 
lons per 
minute. 


Bolls   per 
tiour. 


1 

H 

2 

oi 

-a 

3 

3i 

4 

45 
5 


655 
873 
1091 
1343 
1576 
1840 
2117 
2408 
2700 


Cylinder,    in 
inches. 


12-5 

14  6 

16-75 

lS-5 

20-2 

21-75 

23-26 

24-75 

26-25 


The  water-wheel,  I4fectdiam. 


Boils   per 
hour. 

Water, 

gallons  per 

minute. 

Cylinder,  in 
inches. 

1 

564 

12  5 

li 

740 

14-6 

2 

927 

16-76 

2J 

1140 

18-5 

3 

1353 

202 

3i 

1683 

21-76 

4 

1811 

23  25 

45 

2060 

24-76 

5 

2306 

26-25 

The  water-wheel,  16  feet  diam- 
Diam.  in  in- 

i^lies  of  tiie 
cylinder  of  a 
steam-engine 

to  do  the 
SHme  work. 


Bolls  of 

corn 

ground 

per    hour. 

Quantity  of 
water  requi- 
site, in  ale 

gallons, 
per  minute. 

1 

491 

li 

650 

2 

811 

n 

993 

3 

1176 

3J 

1380 

4 

1582 

4J 

1802 

5 

2023 

12-5 

14-6 

16-75 

18-6 

202 

21-75 

23-25 

24-75 

26-25 


The  water-wheel,  18 feet  diam. 


Bolls    per 
hou 


1 

n 

2 

2J 

3 

3J 

4 

4§ 

6 


■\Vater, 

gallons  per 

minute. 

Cylinder,    in 
inches. 

440 

12-5 

595 

14-6 

730 

16-75 

660 

18-5 

1054 

20-2 

1-227 

21-75 

1400 

23-26 

1600 

24-75 

1800 

2625 

The  water-wheel,  20  feet  diam. 


Bolls   per 
boar. 


1 

li 
2 
2i 
3 

3.J 
4 
4i 
5 


■Water, 

gallons  per 

minute. 

Cylinder,   in 
inches. 

392 

125 

530 

14-6 

675 

1675 

808 

18-6 

945 

20-2 

1110 

21-75 

1270 

23  26 

1445 

24-76 

1623 

26-26 
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The  water-wlicel,  22  feet  diam.  Ii  The  water-wheel,  28  feet  diam. 


BoKs   per 
bnur. 


Waler, 
gn]to[is  per 


I 

350 

u 

473 

2 

594 

2J 

7-2-2 

3 

8G0 

35 

1007 

4 

1153 

45 

1313 

5 

1472 

Cjlinder,    in    Bolls    per 
iuclies.  hour. 


12-5 

14-6 

16-75 

18-5 

20-2 

21-75 

23-25 

24-75 

26-20 


The  water-wheel,  24  feet  diam. 


Bolls   per 
hour. 

Water, 

gallons  per 

minute. 

I 

327 

15 

436 

2 

545 

24 
3 

671 

788 

35 
4 

920 
1055 

45 
5 

1204 
1350 

Cylinder, 
iocbes. 


12-5 

146 

16-75 

185 

20-2 

21-75 

23-25 

24-75 

26-25 


The  water-wheel,  26  feet  diam 

Water, 
galloDs  per 


Bolls    per 
hour. 


1 

li 

2 

2i 

3 

3i 

4 

4i 

5 


minute. 


303 
403 
504 
617 
730 
8.52 
975 
1111 
1247 


Cylinder,    in 
incbes. 


12-5 

14-6 

16-75 

18-5 

20-2 

21-75 

23-i5 

24-75 

26-2.5 


I 

15 

2 

1^ 
3x 
4 

45 
5 


Water, 

gallons  per 

minute. 

Cylinder,  in 
indies. 

282 

12-5 

370 

146 

463 

16-7.3 

570 

18-5 

67C 

20-2 

791 

21-75 

905 

23  25 

1030 

21-75 

1153 

26-25 

The  water-wheel,  30  feet  diam. 
Water, 
gallons  per 


Bolls    per 
hour. 


1 

15 
2 

25 

3 

35 

4 

45 

5 


minute. 


267 
355 
447 
545 
645 
750 
858 
983 
1106 


Cylinder, 
incbes. 


l'2-5 

14'6 

16-75 

18  5 

20-2 

21-75 

23-25 

-24-75 

26-25 


The  water  wheel,  32  feet  diam. 

Water, 
gallons  per 


Bolls    per 
boar. 


1 

15 
2 

25 

3 

35 

4 

45 

5 


liftinute. 


245 
325 

406 
496 
588 
690 
791 
900 
1012 


Cylinder,    i 
inches. 


12-5 

14-6 

16-75 

18-5 

202 

21-75 

23-2.'> 

24-75 

26-25 


A  Rule  to  make  the  forei/niny  Table  applicuhle  to  Mills  intended 
to  he  turned  Inj  undershot  or  breast  Wttter-uheels.—lLhc  power 
required  on  an  undershot  water-wheel,  to  produce  an  effect 
equal  to  that  of  an  over.shot,  (to  which  the  lables  are  applicable,) 
is  as  24  to  1  ;  and  also  the  power  required  on  a  breast  water- 
wheel,  which  receives  the  water  on  some  point  of  its  circum- 
ference, and  afterwards  descends  on  the  ladle  boards,  to  pro- 
duce an  equal  efl'ect  with  an  overshot  water-wheel,  is  as  1-75 
to  1. 

Tadle,  shewing  the  vecessari/  Siie  of  the  Ci/linder  of  a  common 
Steam-Engine  to  grind  diff'i  rent  quantities  of  Corn,  from  1  to 
12  Bolls  (A  to  48  Bushels,  Winchester  Measure)  per  hour. 


Diameter  of  the 
Cylinder 
in    laches. 


Bolls  of  Corn 

ground 

per   hour. 

7   


Diametor  of  the 
Cylindor 
In    Inches. 


Bolls  of  Corn 

ground 

per  hour. 

1    12  3 

15 146 

2  16  75 

25 18-5 

3  20-2 

35 21  75 

4   23-25 

45 24-75 

6 26  25 

5i 27-25 

6 28-1 

65 29 

N.  B.  This  table  will  be  applicable  to  any  improved  steam-engine,  as  well 
as  that  of  the  common  kind,  if  the  ratio  of  tbeir  etlicacies  is  known. 

34. 


29-8 

31-1 

.32 

33-3 

34-2 

3.5-2 

36 

37-3 

.38 

115 38-85 

12   39-5 


8  . 
85. 

9  . 
95. 

10  . 

105. 

11  . 


The  Application  of  the  foregoing  Tables.  Example  1.  If  a 
stream  of  water,  producing  808  gallons,  ale  measure,  per 
minute,  can  be  applied  on  an  overshot  water-wheel  20  feet 
diameter,  what  quantity  of  corn  will  it  be  able  to  grind  per 
hour; — Look  in  the  tables  under  a '20  feel  water-wheel,  and 
opposite  808  gallons  will  be  found  2J  bolls  of  corn  ground  per 
hour. 

2.  If  a  stream  of  water,  producing  808  gallons,  ale  measure, 
per  minute,  can  be  applied  to  an  undershot  waler-wheel  20  feet 
diameter,  what  quantity  of  corn  can  it  grind  per  hour  !— It  is 
found  by  the  tables,  that  if  applied  on  an  overshot  water- 
wheel  20  feet  diameter,  the  stream  will  grind  25  bolls  per  hour; 
and  from  the  rule  preceding  the  last  table,  the  power  required 
by  the  undershot  to  that  of  the  o\ershot  water-wheel,  to  pro- 
duce an  equal  effect,  being  as  24  to  1,  therefore,  as  24:1:: 
2  5  :   1-04  bolls  of  corn  ground  per  hour  by  means  of  the  stream. 

3.  If  a  stream  of  water,  producing  808  gallons,  ale  measure, 
per  minute,  can  be  applied  on  a  breast  water-wheel  20  feet 
diameter,  what  quantity  of  corn  can  it  grim!  per  hour!— It 
found  by  the  tables,  that  if  applied  on  an  overshot  water  wheel 
of  equal  size,  25  bolls  of  corn  will  be  ground  per  hour;  and 
from  the  rule  above,  the  power  of  a  breast  water-wheel  to  that 
of  an  overshot  water-wheel,  to  produce  an  equal  elfect,  is  as 
1-75  to  1,  therefore,  as  1-75  :  1  :  :  2-5  :  1-42  bolls  of  corn 
ground  per  hour  by  the  stream. 

4.  Of  v^■hat  diameter  must  the  cj  Under  of  a  common  steam- 
engine  be  made,  to  grind  10  bolls  of  corn  per  hour  .' — By  look- 
ing in  the  foregoing  table,  opposite  10  bolls  ground  per  hour, 
the  diameter  of  the  steam  cylinder  will  be  found  lobe  86  inches. 

FLOWER,  Flos,  the  most  beautiful  part  of  trees  and  plants, 
containing  the  organs  or  parts  of  fructification.  Tlie  method 
of  preserving  flowers  in  their  natural  beauty  has  been  much 
sought  after.  The  following  method  does  well :— Gather  the 
flowers  when  they  are  not  thoroughly  open,  in  the  middle  of  a 
dry  day,  put  them  into  a  glazed  earthen  vessel ;  (ill  this  to  the 
top  with  them,  and  when  full,  sprinkle  them  over  with  some 
French  wine,  with  a  little  salt  in  it  ;  then  set  them  by  in  a 
cellar,  tying  down  the  mouth  of  the  pot.  After  this  they  may 
be  taken  out  at  plea<ure;  and  on  setting  them  in  the  sun,  or 
within  the  reach  of  the  fire,  they  will  open  as  if  growing  natu- 
rally ;  and  not  only  the  colour,  but  the  odour  also,  will  be 
preserved.     Most  persons  can  try  and  verify  this  experiment. 

Flower  df.  Lis,  or  Flower  de  Luce,  in  Heraldry,  a  bearing 
representing  the  lily,  called  the  queeu  of  flowers,  and  the  true 
hieroglyphic  of  majesty. 

FLOWING,  the  position  of  the  sheets  or  lower  corners  of 
the  principal  sails  when  they  are  loosened  to  the  wind,  so  as 
to  receive  it  more  nearly  perpendicular  than  when  they  arc 
close  hauled,  although  more  obliquely  than  when  going  before 
the  wind  ;  a  ship  is  therefore  said  to  have  a  flowing  sheet,  when 
the  wind  crosses  the  line  of  her  course  nearly  at  right  angles, 
that  is  to  say,  a  ship  steering  due  north  with  the  wind  at  the 
east,  or  directly  on  her  side,  will  have  a  flowing  slieet  ;  whereas 
if  the  sheets  were  extended  close  aft,  she  would  sail  two  points 
nearer  the  wind,  rir.  N.N.E. 

FLU  ATS,  in  Chemistry,  salts  first  discovered  by  Scheele, 
and  distinguished  by  the  following  properties.  When  sulphu- 
ric acid  is  poured  upon  them  they  emit  acrid  vapouis  of  fluoric 
acid,  which  corrode  glass.  When  heated,  several  of  them 
phosphoresce.  They  are  not  decomposed  by  heat,  nor  altered 
by  combustibles.  They  combine  with  silica  by  means  of  heat. 
Most  of  them  are  sparingly  soluble  in  water. 

FLUENT,  in  Fluxions,  the  flowing  quantity,  or  that  which 
is  continually  increasing  or  decreasing. 

FLUID,  or  FttiiD  Uodv,  is  that  whose  parts  yield  to  the 
smallest  force  impressed  upon  them,  and  which  by  yielding  are 
easily  moved  amongst  each  other  ;  in  this  sense  a  fluid  stands 
opposed  to  a  solid,  whose  parts  do  not  yield,  but  constantly 
maintain  the  same  relative  situation.  The  fluidity  of  bodies  is 
accounted  for  by  supposing  them  made  up  of  infinitely  small 
particles,  possessing,  with  regard  to  each  other,  an  attrac- 
tive and  repulsive  power,  which  being  equal,  places  the  whole 
system  in  equilibrium,  whereby  it  obeys  any  external  force 
impressed  upon  it.  This  hypothesis  evidently  places  the  seve- 
ral particles  of  a  fluid  at  small  distances  from  each  other,  and 
consequently  supposes  them  to  be  porous,  or  to  possess  certain 
4  N 
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vacuities,  the  existence  of  which  may  be  demonstrated  from 
various  experiments.  Thus,  water  will  dissolve  a  certain  quan- 
tity of  salt ;  after  which  it  will  absorb  a  little  supar,  aud  after 
that  a  little  alum  ;  and  all  this  without  increasing;  its  bulk: 
which  evidently  shews,  that  the  particles  of  these  solids  are  so 
far  separated  as  to  become  smaller  than  the  vacuities,  or 
interstices,  between  the  particles  of  the  fluid  or  water. 

Fluids  are  divided  into  Elastic  and  Non-elastic.  Elastic 
Fluids,  are  those  which  may  be  compressed  into  a  smaller 
compass,  but  which,  on  removiu;;;  the  pressure,  resume  a)cain 
their  former  dimensions  ;  as  air,  and  the  various  gases.  N071- 
elastic  Fluids,  are  those  which  occupy  the  same  bulk  under  all 
pressures,  or,  if  tliey  be  at  all  compressible,  it  is  in  a  very 
trillins;  dei?ree  ;  sucli  as  water  and  other  liquids. 

FLUOR.  Tliis  spar  may  be  divided  into  three  species,  com- 
pact, foliated,  and  earthy.  The  second  species  is  most  abun- 
dant, and  is  usually  called  in  England,  Derbyshire  spar. 
Berzeliiis  found  its  constituents  to  be  72'1  lime,  and  27'9 
fluoric  acid.  It  is  cut  into  a  variety  of  ornamental  forms. 
When  two  pieces  are  rubbed  together  in  tlie  dark,  they  phos- 
phoresce with  a  blue  and  preen  light.  Sulphuric  acid  evolves 
ilouric  fumes  which  corrode  glass. 

FLUORIC  Acid,  is  found  in  combination  with  calcareous 
earth,  in  Derbyshire  spar.  If  the  pure  spar  be  placed  in  a 
retort  of  lead  or  silver,  with  a  receiver  of  the  same  metal 
adapted,  and  its  weight  of  sulphuric  acid  be  then  poured  upon 
it,  the  lluoric  acid  will  be  disengaged  with  a  moderate  beat. 
This  acid  readidly  combines  with  water,  for  which  purpose  it  is 
necessary  that  the  receiver  should  be  previously  half  filled  with 
that  lluid.  This  acid  attacks  glass,  and  corrodes  it;  and  it  has 
been  employed  in  etching  figures  on  glass:  the  whole  glass 
must  be  covered  with  a  thin  coaling  of  wax,  in  which  the  figure 
is  to  be  traced,  so  as  to  leave  bare  the  parts  intended  to  be 
acted  upon.     This  acid  consists  of  oxygen,  and  its  base  fluor. 

FLUORINE,  in  Chemistry,  a  substance  that  has  never  yet 
been  detected  in  an  uiicombincd  state.  There  is  reason,  how- 
ever, to  believe  it  is  an  elementary  substance.  With  hydrogen 
it  forms  fluoric  acid.  Combined  with  lluor  it  forms  the  fluoric 
acid. 

FLURRY,  a  light  breeze  of  wind  shifting  to  different  places, 
and  causing  a  little  ruffling  on  the  calm  surface  of  the  sea. 

FLUTE,  Fistula,  wind,  an  instrument  of  music.  The  tones 
or  notes  are  changed  by  stopping  and  opening  the  holes  dis- 
posed for  that  purpose  along  its  side.  The  ancient  fistula;,  or 
flutes,  were  made  of  reeds,  afterwards  of  wood,  and  last  of 
metal.     Flutes  are  now  sometimes  made  of  glass. 

Flute,  German,  is  an  instrument  dilferent  from  the  common 
flute  ;  instead  uf  being  put  into  tlie  mouth  to  be  played,  the  end 
is  stopt  with  a  plug,  and  the  lower  lip  is  applied  to  a  hole  about 
two  inches  and  a  half,  or  three  inches,  distant  from  the  end. 
It  is  perforated  with  holes,  the  lowest  of  which  is  stopped  and 
opened  by  the  little  finger's  pressing  on  a  brass  or  silver  key. 

Flutes,  or  Flutinys,  in  Architecture,  perpendicular  channels, 
or  cavities,  cut  along  the  shaft  of  a  column  or  pilaster. 

FLUX,  in  Metallurgy,  is  sometimes  used  synonymously  with 
fusion;  for  instance,  an  ore,  or  rather  matter,  is  said  be  in 
liquid  flux  when  it  is  completely  fused.  But  the  word  flux  is 
generally  used  to  signify  certain  saline  matters,  which  facilitate 
the  fusion  of  ores,  and  other  substances  which  are  not  easily 
fusible  in  assays,  and  in  the  reduction  of  ores.  In  the  large 
way,  limestone  and  fusible  spar  are  used  as  fluxes.  The  fluxes 
used  in  assays,  or  philosophical  experiments,  consist  usually 
of  alkalies,  which  render  the  earthy  mixtures  fusible,  by  convert- 
ing them  into  glass;  or  else  glass  itself  in  powder.  Alkaline 
fluxes  are  either  the  crude  flux,  the  white  flux,  or  the  black 
flux.  Crude  llux  is  a  mixture  of  nitre  and  tartar,  which  are  put 
into  the  crucible  with  the  mineral  intended  to  be  fused.  The 
detonation  of  the  nitre  with  the  inllammalile  matter  of  the  tar- 
tar, is  of  service  in  some  operations;  thouKli  generally  it  is 
attended  with  inconvenience  on  account  of  the  swelling  of  the 
materials,  which  mav  throw  them  out  of  the  vessel,  if  proper 
care  be  not  taken  either  to  supply  only  a  little  of  the  mixture 
at  a  time,  or  to  procure  a  large  vessel.  While  llux  is  formed  by 
projecting  equal  parts  of  a  mixture  of  nitre  and  tartar,  l)y 
moderate  portions  at  a  time,  into  an  ignited  crucible.  In  the 
detonation  which  ensues,  the  nitric  acid  is  decomposed,  and 


flies  ofl'  with  the  tartaric  acid,  and  the  remainder  consists  of 
the  potash  in  a  state  of  considerable  purity.  Tliis  has  been 
called  fixed  nitre.  Black  fiux  difl'ers  from  the  preceding,  in 
the  proportion  of  its  ingredients.  In  this  the  weight  of  the 
tartar  is  double  that  of  the  nitre  ;  on  which  account  the  com- 
bustion is  incomplete,  and  a  considerable  portion  of  the  tartaric 
acid  is  decomposed  by  the  mere  heat,  and  leaves  a  quantity  of 
coal  behind,  on  which  the  black  colour  depends.  It  is  used 
where  it  is  intended  to  reduce  metallic  ores,  and  effects  it  by 
uniting  with  the  oxygen  of  the  oxide. 

Flux,  in  Medicine,  an  extraordinary  issue,  or  evacuation,  of 
some  humours  of  the  body. 

FLUXION, in  the  Newtonian  Analysis,  denotes  the  velocity 
with  wliich  a  flowing  quantity  increases  by  its  generative 
motion,  by  which  it  stands  contradistinguished  from  a  fluent, 
or  fiowing  quantity,  which  is  constantly  and  indefinitely  increas- 
ing, after  the  manner  that  a  surface  is  described  by  the  motion 
of  a  line,  or  a  solid  by  the  motion  of  a  surface.  Or  a  fluxion 
may  be  otherwise  defined,  as  the  magnitude  by  which  any 
flowing  quantity  would  be  uniformly  increased  in  a  given  por- 
tion of  time,  with  the  generating  celerity  at  any  proposed 
position  or  instant,  supposing  it  thence  to  continue  invariable. 

Fhtxional  Anahjsis,  is  the  algorithm,  or  analysis  of  fluxions 
and  flowing  quantities,  distinguishable  from  the  diflerential 
calculus  both  by  its  metaphysics  and  notation,  but  in  all  other 
respects  the  two  methods  are  identical. 

The  invention  of  the  fluxional  analysis  docs  more  honour  to 
the  powers  of  the  human  mind,  than  perhaps  any  discovery  of 
this  or  any  preceding  age ;  it  opens  tons  a  new  world,  and 
extends  our  knowledge  as  it  were  to  infinity  ;  it  carries  us 
beyond  those  bounds  which  seem  prescribed  to  our  mental 
powers,  and  leads  to  investigations  and  results  which  must  other- 
wise have  for  ever  remained  in  impenetrable  obscurity.  And 
without  entering  into  all  tlie  proofs  we  could  adduce  in  support 
of  our  assertion,  we  ascribe  the  glory  of  this  invention  to  Sir 
Isaac  Newton,  though  it  has  been  also  claimed  on  the  continent 
for  Leibnitz.  But  as  we  do  not  intend  to  enter  upon  this 
subject  here,  the  reader  will  not  expect  a  minute  detail  of  the 
principle  of  fluxions.  It  will  be  sufficient  to  observe,  that  all 
finite  magnitudes  are  here  conceived  to  be  resolved  into  infi- 
nitely small  ones,  supposed  to  be  generated  by  motion,  as  a 
line  by  the  motion  of  a  point,  a  superficies  by  a  line,  and  a  solid 
by  a  superficies  ;  of  which  they  are  the  elements,  moments,  or 
difl'erences.  The  art  of  finding  these  infinitely  small  quanti- 
ties, or  the  velocities  by  which  they  are  generated,  and  of 
working  on  them,  and  discovering  other  infinite  quantities  by 
their  means,  makes  what  is  called  the  Direct  Method  of 
Fluxions.  And  the  method  of  finding  the  fluents  or  flowing 
quantities,  these  fluxions  being  given,  is  what  constitutes  the 
Inverse  Metliod. 

What  renders  the  knowledge  of  infinitely  small  quantities  of 
such  great  use  and  extent  is,  that  they  have  relations  to  each 
other,  which  the  finite  magnitudes,  whereof  they  are  the  infi- 
nitesimals, have  not.  Thus  for  example,  in  a  curve  of  any 
kind  whatever,  the  infinitely  small  differences  of  the  ordinate 
and  absciss  have  the  ratio  to  each  other,  not  of  the  ordinate 
and  absciss,  but  of  the  ordinate  and  subtangent  ;  and  of  con- 
sequence, the  absciss  and  ordinate  being  known,  will  give  the 
subtangent ;  or,  which  amounts  to  the  same,  the  tangent 
itself. 

Notation. — The  method  of  notation  in  fluxions,  introduced 
V)y  the  inventor,  Sir  Isaac  Newton,  is  as  follows  : — The  variable, 
or  flowing  quantity,  to  be  uniformly  augmented,  as  suppose 
the  absciss  of  a  curve,  he  denotes  by  the  final  letters  v,  x,  y,  2  ; 
and  their  fluxions  by  the  same  letters  with  dots  placed  over 

them,  thus,  v,  .r,  »/,  z.  And  the  initial  letters,  a,  b,  c,  d,  &c. 
are  used  to  express  invariable  quantities. 

Again,  if  the  fluxions  themselves  are  also  variable  quantities, 
and  are  continually  increasing  or  decreasing,  he  considers  the 
velocities  with  which  they  increase  or  decrease,  as  the  fluxions 
of  the  former  fluxions  or  second  fluxions,  which  are  denoted  by 

two  dots  over  them,  thus,  y  x  z. 

After  the  same  manner,  one  may  consider  the  increase  and 
diminution  of  these,  as  their  fluxions  also,  and  thus  proceed  to 
the  third,  fourth,  &c.  fluxions,  which  will  be  denoted    thus, 
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y  X  z  :  J/ X  z.     Lastly,  if  the  flowing  quantity  be  a  surd,  as 
^/x  —  y,  he  denotes  its  fluxion  by  {^x—  y)';  if  a  fraction 

Sometimes,  however,  the 


d-y 


it  is  denoted 


■■'Ct^)' 


fluxions  of  compound  quantities  are  expressed  by  placing  the 
Letter  F,  or/ before  them,  thus,  instead  of  (^/(a^  —  y) )',  is 
written  F.  V  (  ^  —  ?/)  or  /.  ^/  (  x  —  )/)•  We  shall,  however, 
in  the  following  article,  denote  the  fluxion  by  F,  and  the  fluent 
by/. ;  so  that, 

V../(x-y)        ^denote   thef^/^^-y) 

F.         ■^•  +  ''^  ,     j  fluxions   of^ 


b  +x 


a  -f  J 


fluents 


X  -Y  a  -f  J  i^  x  +  ax'' 

a   name  given   to  a  certain  appendage  to  many 


FLY,   is 

machines,  either  as  a  rei/ulutor  of  their  motions,  or  as  a  collector 
of  power.  When  used  as  a  regulator,  the  fly  is  commonly  a 
heavy  disk  or  hoop  balanced  on  its  axis  of  motion,  and  at  right 
angles  to  it;  though  sometimes  a  regulating  tly  consists  of 
vanes  or  wings,  which,  as  they  arc  whirled  round,  meet  with 
considerable  resistance  from  the  air,  and  thus  soon  prevent 
any  acceleration  in  the  motion  ;  but  this  kind  of  regulator 
should  rarely,  if  ever,  be  introduced  in  a  working  machine,  as 
it  wastes  much  of  the  moving  force.  When  the  fly  is  used  as 
a  collector  of  power,  it  is  frequently  seen  in  the  form  of  heavy 
knobs  at  tlic  opposite  ends  of  the  straight  bar,  as  in  the  coin- 
ing press. 

Fly  of  an  Ensign,  Pendant,  &e.  the  breadth  or  extent  from 
the  staff  to  the  extreme  edge  or  end  that  flutters  loose  in  the 
wind. 

Fly  Boat,  or  Flight,  a  large  flat-bottomed  Dutch  vessel, 
whose  burden  is  generally  from  4  to  CIIO  tons  :  it  is  distinguished 
by  a  stern  remarkably  high,  and  by  very  broad  buttocks  below. 

FLYERS,  in  Architecture,  such  stairs  q_ 
as  go  straight,  and  do  not  wind  round, 
or  have  the  steps  made  tapering ;  but 
the  fore  and  back  part  of  each  stair,  and 
the  ends  respectively  parallel  to  one 
another,  as  in  the  annexed  flgure.  So 
that  if  one  flight  do  not  carry  you  to  your 
designed  height,  there  is  a  broad  half 
space  ;  and  llien  you  fly  again,  with  steps 
as  before,  every  where  of  the  same 
breadth  and  length  as  in  the  diagram. 

FLYING  Pinion,  is  part  of  a  clock, 
having  a  fly,  to  gather  air,  and  restrain 
the  rapidity  of  the  clock's  motion. 

FLYING,  the  progressive  motion  of  a  biid,  or  other  winged 
animal,  in  the  liquid  air.  The  parts  of  birds  chiefly  concerned 
in  flying,  arc  the  wings,  by  which  they  are  sustained  or  wafled 
along.  The  manner  of  flying  is  thus  : — The  bird  first  bends  his 
legs,  and  springs  with  a  violent  leap  from  the  ground,  then 
opens  and  expands  the  joints  of  its  wings,  so  as  to  make  a 
right  line  perpendicular  to  the  sides  of  his  body ;  thus  the 
wings,  with  all  the  feathers  therein,  constiuite  one  continued 
lamina.  Being  now  raised  a  little  above  the  horizon,  and 
vibrating  the  wings  with  great  force  and  velocity  perpendicu- 
larly against  the  subject  air,  that  flmd  resists  those.succussions, 
both  from  its  natural  inactivity  and  elasticity,  by  means  of 
which  the  whole  body  of  the  bird  is  protruded.  The  resistance 
the  air  makes  to  the  withdrawing  of  the  wings,  and  conse- 
quently the  progress  of  the  bird,  w  ill  be  so  much  the  greater,  as 
the  wafi  or  stroke  of  the  fan  of  the  wing  is  longer. 

FOCUS,  in  Optics,  is  a  point  wherein  several  rays  concur,  or 
are  collected,  after  having  undergone  ciMier  refraction  or  reflec- 
tion. This  point  is  thus  denominated,  because  the  rays  being 
here  brought  together  and  united,  their  joint  efl'ect  is  suflicicnt 
to  burn  bodies  exposed  to  their  action  ;  and  hence  this  point  is 
called  the/ofi(.s,  or  burning  point.  It  must  be  observed,  how- 
ever, that  the  focus  is  not,  strictly  speaking,  a  point ;  for  the 
rays  are  not  accurately  coIJected  into  one  and  the  same  place 
or  point;  owing  to  the  difi'erent  nature  and  refrangibilily  of 
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the  rays  of  light,  to  the  imperfections  in  the  figure  of  the  lens, 
and  other  similiar  inipediments.  The  focus,  therefore,  is  a 
small  circle  wluch  Iluygens  has  drmonslxated  to  be  one-eighth 
the  thickness  of  the  lens,  when  it  is  convex  on  both  sides;  that 
is,  it  cannot  be  less  than  this,  but  in  imperfect  glasses  it 
exceeds  the  above  measure  sometimes  considerably. 

Virtuul  Focus,  or  I'vint  of  Divergence,  so  called  by  Mr.  Moly- 
neux,  is  the  point  from  which  rays  tend  after  refraction  or 
reflection  ;  being  in  this  respect  opposed  to  the  ordinary 
focus,  or  point  of  concurrence,  where  ra\s  are  made  to  meet 
after  refraction  or  reflection.  Thus,  the  foci  of  an  hyperbola 
are  mutually  virtual  foci  to  each  other;  bul  in  an  ellipse,  they 
are  common  fuci  to  each  other  ;  for  the  rays  are  reflected  from 
the  other  focus  in  the  hyperbola,  but  towards  it  in  the  ellipse. 

Practical  liules  for  Jinding  the  Fuci  of  Classes. —  1.  To  find 
by  experiment,  the  focus  of  a  convex  spherical  glass,  being  of 
a  small  sphere;  apply  it  to  the  end  of  a  scale  of  inches  and 
decimal  parts,  of  a  convenient  length,  and  expose  it  before  the 
sun  ;  upon  the  scale  may  be  seen  the  brigth  intersection  of  the 
rays  measured  out :  or,  expose  it  in  the  whole  of  a  dark  cham- 
ber; and  where  a  white  paper  receives  the  distinct  representa- 
tion of  distant  objects,  there  is  the  focus  of  the  glasses.  2. 
For  a  glass  of  a  pretty  long  focus,  observe  some  distant  object 
through  it,  and  recede  from  the  glass  till  the  eye  perceives  all 
in  confusion,  or  the  object  begins  to  appear  inverted  ;  then  the 
eye  is  in  the  focus.  3.  For  a  plano-convex  glass  ;  make  it 
reflect  the  sun  against  the  wall  ;  on  the  wall  will  then  be  seen 
two  sorts  of  li;.'ht,  a  brighter  within  another  more  obscure  ; 
witlidraw  the  glass  from  the  »all,  till  the  bright  image  be  in  its 
least  dimensions  ;  then  is  the  glass  distant  from  tlie  wall  about 
a  fourth  part  of  its  focal  length.  4.  For  a  double  convex  ; 
expose  each  side  to  the  sun  in  like  manner;  and  observe  both 
the  distances  of  the  glass  from  the  w  all :  then  is  the  first  dis- 
tance about  half  the  radius  of  the  convexity  turned  from  the 
sun  ;  and  the  second  is  about  half  the  radius  of  the  other  con- 
vexity. The  radii  of  the  two  convexities  being  thus  known, 
the  focus  is  then  found  by  this  rule  :  As  the  sum  of  the  radii  of 
both  convexities  is  to  the  radiuK  of  either  convexity,  so  is  dou- 
ble the  radius  of  the  other  convexity  to  the  distance  of  the 
focus. 

FODDER,  or  Fothf.r,  in  Mining,  a  measure  containing 
twenty-two  hundred  and  a  half  weight,  as  of  lead,  bat  in  Lon- 
don it  is  twenty  hundred. 

FQJTUS,  in  Anatomy,  a  term  applied  to  the  offspring  of  the 
human  subject,  or  of  animals,  during  its  residence  in  the  womb. 

FO(J,  or  Mist,  consisting  of  condensed  vapours  floating 
near  the  surface  of  the  earth. 

Fog  Bank,  an  appearance  in  hazy  weather  which  frequently 
resembles  land  ut  a  distance,  but  which  vanishes  as  }ou 
approach  it. 

FOIL,  in  Fencing,  a  blunt  sword,  or  one  tipped  with  a 
button  or  cork,  covered  with  leather.  Foils  are  used  in  the 
noble  and  manly  exercise  of  fencing. 

7V«  Foil,  among  Jewellers,  is  used  to  give  precious  stones  a 
colour,  by  placing  it  beneath  the  gem  ;  and  this  species  of  foil 
is  manufactured  from  copper,  silver,  or  gold.  The  copper  foils 
are  known  as  Nuremberg  or  German  foils,  and  are  prepared  as 
follows  :■ — Procure  the  thinnest  copper,  beat  it  on  an  anvil  w  ith 
a  well  polished  hammer,  as  thin  as  possible  ;  |>lace  the  copper 
between  two  iron  plates  as  thin  as  writing  paper  ;  heat  ihein 
in  the  fire  ;  then  boil  the  foil  in  a  pipkin,  with  C(|ual  quantities 
of  tartar  and  salt,  constantly  stirring  them  till  by  boiling  they 
become  white  ;  after  which  take  them  out  and  dry  them  ;  then 
give  them  another  hammering,  till  they  are  made  fit  for  your 
purpose.  If  too  much  Inaled  they  will  incit ;  if  too  long 
boiled,  they  will  attract  the  salt.  Poli^li  them  tliusr^Takc  a 
plate  of  the  best  copper  12  inches  long,  ■')  inches  broad,  polished 
to  tl  e  greatest  perfection;  bend  this  to  a  long  convex,  fasten 
it  upon  half  a  roll,  and  fix  to  it  a  bench  or  table:  then  take 
some  chalk  washed  as  clean  as  possible,  and  tillered  through  a 
fine  clean  linen  cloth  ;  lay  some  of  this  on  the  roll,  wet  the  copper 
all  over,  lay  the  foils  on  ii,  and  with  a  polishing  stone  and  the 
chalk,  polish  ycur  foils  till  they  are  as  bright  as  a  looking-glass 
after  which  they  must  be  dried,  and  laid  up  free  from  dust. 

FOMATING  or  Silveiung  of  I.onltim/-(,'lasscs,  is  spreading 
the  plates  over,  after  they  are  polished,  w  ith  amal-nm,  to  rcfitel 
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the  image.  The  process  is  as  follows  : — A  thin  blotting  paper  is 
spread  on  the  table,  antl  sprinkled  with  chalk  ;  then  a  tine  leaf 
of  tin-foil  is  laid  over  the  paper  ;  upon  this  mercury  is  poured, 
and  distributed  equally  over  the  leaf  with  a  hare's  foot,  or 
cotton:  over  this  is  laid  a  clean  paper,  and  over  that  the  glass 
plate,  which  is  pressed  down  with  the  right  hand,  and  the  paper 
drawn  out  with  the  left  ;  this  done,  the  plate  is  covered  with  a 
thicker  paper,  and  loaded  with  a  greater  weight,  that  the 
superfluous  mercury  may  be  driven  out,  and  the  tin  adhere 
more  closely  to  the  glass.  When  dry,  the  weight  is  removed, 
and  the  looking-glass  is  complete.  Some  add  an  ounce  of 
marcasite,  melted  by  the  fire;  and  lest  the  mercury  should 
evaporate  in  smoke,  pour  it  into  cold  water  ;  and  when  cooled, 
squeeze  it  through  a  clotli  or  leather. 

Foliating  of  Globe  Luoldug-Glasses.  Take  five  ounces  of 
quicksilver,  and  one  ounce  of  bismuth  ;  of  lead  and  tin  half  an 
ounce  each  ;  put  the  lead  and  tin  into  fusion,  then  put  in  the 
bismuth,  and  when  that  is  in  fusion  let  it  stand  till  it  is  almost 
cold,  and  pour  the  (luicksilver  into  it :  after  this,  take  the  glass 
globe,  which  must  be  very  clean,  make  a  paper  funnel,  which 
put  into  the  hole  of  the  globe,  as  near  to  the  glass  as  you  can, 
pour  the  amalgam  in  gently,  and  move  it  about,  so  that  it  may 
touch  every  where. 

FOMALHAUT,  or  Fomahaut,  a  star  of  the  first  magnitude 
in  Piscis  Australis,  marked  a  by  Bayer. 

FOMENTATION,  in  Medicine,  is  the  external  application 
of  a  fluid,  as  warm  as  the  patient  can  bear  it.  Two  flannel 
cloths  are  dipped  in  that  liquor,  one  of  which  is  wrung  as  dry 
as  possible,  and  inmiediately  applied  to  the  part  affected. 
This  cloth  lies  on  till  the  heat  has  evaporated,  and  the  other  is 
then  applied.  By  this  alternate  application  the  part  affected 
is  constantly  supplied  with  warmth,  for  15  minutes,  or  half  an 
hour,  as  occasion  may  require. 

FOOD,  Compiiratirc  Nutritive  Properties  of.  An  interesting 
report  on  this  subject  has  lately  been  presented  to  the  French 
minister  of  the  interior,  by  Messrs.  Percy  and  Vauquelin, 
members  of  the  Institute.  The  result  of  their  experiments  is 
as  follows : — In  bread,  every  100  lb.  is  found  to  contain  80  lb.  of 
nutritious  matter  ;  l>utcher  meat,  averaging  the  different  sorts, 
contain  only  35  lb.  in  one  hundred  ;  French  beans,  (in  the 
grain,)  92  lb.  in  one  hundred  ;  broad  beans,  89  lb. ;  peas,  93  lb.  ; 
lentils,  (a  species  of  half  pea,  little  known  in  Britain,)  94  lb.  in 
one  hundred  ;  greens  and  turnips,  which  are  the  most  aqueous  of 
all  vegetables  used  in  culinary  purposes,  furnish  only  8  lb.  of 
solid  nutritious  substance  in  one  hundred;  carrots,  (from 
whence  an  inferior  kind  of  sugar  is  produced,)  14  1b.;  and 
what  is  remarkable,  as  being  opposed  to  the  old  theory,  100  lb. 
of  potatoes  only  yield  25  lb.  of  nutriment ;  one  pound  of  good 
bread  is  equal  to  2i  lb.  of  potatoes  ;  and  75  lb.  of  bread,  and  301b. 
of  meat,  are  equal  to  300  of  potatoes  ;  J  lb  of  bread,  and  5oz. 
of  meat,  are  equal  to  3  lb.  of  potatoes  ;  1  lb.  of  potatoes  is  equal 
to  4  lb.  of  cabbage,  and  3  lb.  of  turnips  ;  and  one  pound  of  rice 
bread  or  French  beans  is  equal  to  3  lb.  of  potatoes. 

FOOT,  a  measure  of  length,  derived  from  the  length  of  the 
human  foot ;  containing  12  linear  inches.  .S'l/imre  Foot,  is  a 
square  whose  side  is  one  foot,  and  is  therefore  equal  to  144 
square  inches.  Cubic  Foot,  is  a  cube  whose  side  is  one  foot, 
and  the  cube  contains  1728  cubic  inches. 

Foot,  in  the  Latin  and  Greek  poetry,  a  metre  or  measure 
composed  of  a  certain  number  of  long  and  short  syllables. 
These  feet  are  commonly  reckoned  twenty-eight,  of  which  some 
are  simple,  as  consisting  of  two  or  three  syllables,  and  there- 
fore called  dissyllabic  or  trisyllabic  feet;  others  are  compound, 
consisting  of  four  syllables,  and  are  therefore  called  tetrasylla- 
ble feet. 

Foot  of  a  Sail,  the  lower  edge,  or  bottom.  Fool  Rope,  the 
rope  to  which  the  lower  edge  of  a  sail  is  sewed.  Foot  Ropes 
are  also  the  same  with  Horses  of  the  Yards,  which  see. 

Foot  If'ateing,  the  whole  inside  planks  or  lining  of  a  ship, 
used  to  prevent  any  part  of  her  ballast  or  cargo  from  falling 
between  her  floor  timbers.  Foot  of  a  Mast,  the  lowest  end  or 
that  which  goes  into  the  step. 

Foot  Milt,  or  Tread-Mill,  for  grinding  corn  or  other  sub- 
stances, moved  by  the  pressure  of  the  feet  of  men  or  animals. 
In  some  of  these  mills,  a  horse  or  an  ox  is  fixed  to  a  stall  upon  a 
floor  above  a  vertical  wheel,  and  a  hole  is  made  in  the  floor  in 


the  place  where  the  hind  feet  of  the  animal  should  stand,  thus 
admitting  those  feet  to  press  upon  the  rim  of  a  v^heel,  and 
cause  the  wheel  to  turn  upon  its  axle,  and  give  motion  to  the 
whole  mill.  But  in  this  kind  of  machine,  the  animal  will  be 
obliged  very  unnaturally  to  move  his  hind  fee>,  while  his  fore 
feet  will  be  at  rest;  and  further,  the  motive  force  being  applied 
near  the  vertex  of  the  wheel,  will  act  but  with  little  advantage, 


and  the  work  done  will  be  comparatively  trifling.  A  much 
more  judicious  cousfruction  of  a  foot  mill  is  represented  in  the 
above  engraving.  A,  is  an  iuclineil  wli'd,  which  is  turned 
by  the  weight  of  a  man,  and  the  impulsive  force  of  his  feet 
while  he  supports  himself,  or  occasionally  pushes  with  his 
hands  at  the  horizontal  bar  H.  The  face  of  this  wheel  has  thin 
pieces  of  wood  nailed  upon  it  at  proper  distances,  to  keep  the 
i'ect  of  the  man  from  slipping  while  he  pushes  the  wheel  round  ; 
and  the  under  side  has  projecting  teeth  or  waves  which  catch 
into  the  cogs  of  the  trundle  B,  and  by  that  means  turn  the 
horizontal  shaft  G,  with  its  wheel  C  ;  this  latter  wheel  turns 
the  trundle  D,  the  axle  of  which  carries  the  upper  millstone  E. 
This  kind  of  footmill  will  answer  extremely  well  to  grind  malt, 
SiC.  when  no  very  great  power  is  required.  And  as  respects  the 
application  of  animal  force  to  machinery,  see  pages  325  and 
326,  of  this  work,  where  this  matter  is  treated  in  all  its  various 
relations,  both  to  man  and  beasts  of  burden. 

FORAGE,  in  Military  affairs,  denotes  thep»ovisions  brought 
into  the  camp  by  the  troops  for  the  sustenance  of  the  horses. 

FORCE,  in  Mechanics,  denotes  that  unknown  cause  which 
produces  a  change  in  the  state  of  a  body,  as  to  motion,  rest, 
pressure,  &c. ;  that  is,  whatever  produces  or  tends  to  produce 
motion,  or  a  change  of  motion  in  any  body,  is  called  force. 
According  to  this  definition,  the  muscular  power  of  animals, 
as  likewise  pressure,  impact,  gravity,  &c.  are  considered  as 
forces,  or  sources  of  motion,  it  being  evident,  from  daily  expe- 
rience, that  bodies  exposed  to  the  free  action  of  any  of  these, 
are  either  put  into  motion,  or  have  their  state  of  motion  chang- 
ed. All  forces,  however  various,  are  measured  by  the  effects 
they  produce  in  like  circumstances,  whether  the  effect  be  creat- 
ing, accelerating,  retarding,  or  deflecting  motions ;  the  result 
of  some  general  and  commonly  observed  force  is  taken  for 
unity,  and  with  this  any  others  may  be  compared  ;  and  their 
proportions  represented  by  numbers  or  lines.  Under  this  point 
of  view  they  are  considered  by  the  mathematician;  all  else 
falls  within  the  province  of  the  universal  philosopher,  or  the 
metaphysician.  When  we  say  that  a  force  is  represented  by 
a  right  line,  A  B,  it  is  to  be  understood  that  it  would  cause  a 
material  point,  situated  at  rest  in  A,  to  run  over  the  line  A  B, 
which  is  called  the  direction  of  the  force,  so  as  to  arrive  at  B  at 
the  end  of  a  given  time,  while  another  force  would  cause  the 
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same  point  lo  have  moved  a  greater  or  less  distance  from  A  in 
the  suiiie  time.     See  the  lij;ure  Ijtiow. 

Meolianical  forci's  ni;ij  lie  reduced  to  two  sorts;  one  of  a 
body  at  rest,  tlie  oilier  ofa  body  in  motion.  The  former  is  that 
which  we  conceive  as  rcsidini{  in  a  hody  when  it  is  supported 
by  a  plane,  suspended  by  a  rope,  or  balanced  by  the  action 
of  a  spring,  &c.  IciuR  denominated  pressure,  tcusicm,  force, 
or  vis  murtua,  solicitalio,  coiiatits  muvenili,  and  which  may 
always  be  estimated  or  mcasi;red  by  a  wei^'ht,  riz.  the  weifjht 
that  sustains  it.  To  this  class  of  forces  may  also  be  referred 
oentripetalandcenlrifusal  forces,  though  ihey  reside  in  a  body  in 
motion,  because  these  forces  are  homogeneous  to  weights,  pres- 
sures, or  tensions  of  any  kind.  The  fcirce  ofa  body  in  motion,  is  a 
power  residing  in  that  body,  so  long  as  it  continues  its  motion  ; 
by  means  of  which,  it  is  able  to  remove  obstacles  Ijing  in  its 
way,  to  lessen,  destroy,  or  overcome  the  force  of  any  other 
moving  body,  which  meets  it  in  an  opposite  direction  ;  or  to 
surmount  any  tlie  largest  dead  pressure  or  resistance,  as  ten- 
sion, gravity,  friction,  &c.  for  some  time  ;  but  which  will  be 
lessened  or  destroyed  by  such  resistance  as  lessens  or  de- 
stroys the  motion  of  the  body.  This  is  c;illed  vis  motv.ra,  moving 
force,  or  motive  force,  and  by  some  late  writers  vis  viva,  to 
distinguish  it  from  the  vis  murtua,  spoken  of  before. 

FoKCE,  is  distinguished  into  motive  and  accelerative,  or 
retardive,  constaut,  variable,  &c. 

Motive  FoHCii,  otiicrwise  called  momeMtum,  oi  force  of  per- 
cussion, is  the  absolute  force  ofa  body  in  motion,  &e.  ;  and- is 
expressed  by  the  product  of  the  weight  or  mass  of  matter  in 
the  body,  multiplied  by  the  velocity  willi  which  it  moves.  Rlolire 
Force  also  denotes  the  force  In  which  a  system  of  bodies  is 
put  in  motion,  as  it  is  the  dilierenee  between  the  power  or 
weight  which  produces  the  motion,  and  the  resistance  or  ^v eight 
to  which  it  is  opposed. 

Accelerative  Fokce,  or  retardive  force,  is  that  which  respects 
the  velocity  or  rate  of  motion  only,  accelerating  or  retarding 
it;  and   it  is   denoted    by  the  ipiotient  of  the   motive    force, 
divided  by  the  mass  or  weight  of  the  body.      So, 
If    m  denote  the  motive  force, 
and  b  the  body,  or  its  weight, 
and/the  accelerating  or  retarding  force, 

then  is  /  as  — 

•'        b 

Constant  FoucE,  is  such  as  remains  and  acts  continually  the 
same  for  some  determinate  time.  Such,  for  example,  is  the 
force  of  gravity,  which  acts  constantly  the  same  upon  a  body 
while  it  continues  at  the  same  distance  from  the  centre  of  tlie 
earth,  or  from  the  centre  of  force,  wherever  that  may  be. 
Constant  or  uniform  forces  produce  uniforndy  accelerated 
motions,  the  laws  of  which  will  be  found  under  the  article 
-Acceleration.  Variable  Force,  is  that  uhicli  is  continually 
changing  its  effect  and  intensity,  such  as  'he  force  of  gravity  at 
different  distances  from  the  earth's  centre.  See  the  formula; 
relating  to  variable  forces  under  the  article  Acceleration. 
Forces  are  farther  distinguished  into  central,  centrifui/al,  &c. 
which  see  under  the  several  articles. 

Composition  of  Forces,  may  be  thus  defined: — If  two  or 
more  forces  dillerently  directed,  act  upon  the  same  body,  at 
the  same  time,  as  the  body  in  question  (cannot  obey  them  all,  it 
will  move  in  a  direction  somewhere  lutu-ien  them.  This  is 
called  the  com]K)sition  and  resolution  of  forces  or  of  motion, 
and  may  be  illustrated  in  the  following  manner: — Illus.  Sup- 
pose a  body  A  to  be  acted  upon  by  a  force  in  tlie 
direction  A  B,  while  at  the  same  time  it  is  im- 
pelled by  another  force  in  the  direction  AC,  it 
vyill  then  move  in  the  direction  A  D  ;  and  if  the 
lines  A  B,  A  C,  be  made  of  lengths  proportionate 
to  the  forces,  and  the  lines  C  D,  I)  15,  be  drawn     A  a 

piuallcl  to  them,  so  as  to  complete  the  pandlelogram  .V  »  D  C, 
then  the  line  wliich  the  body  A  will  describe,  will  be  the 
diagonal  A  1);  and  the  length  of  this  line  will  represent  the 
iorce  with  which  the  body  will  move.  But  if  the  body  be  im- 
pelled by  rqu;d  forces  acting  at  right  angles  to  each  other,  it 
will  move  in  the  diagonal  of  a  s<piarc.  Instances  in  nature,  of 
niotion  produced  by  several  powers  acting  at  the  same  time, 
arc  innumerable.  A  ship  impelled  by  the  wind  and  tide  is  one 
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well  known  ;  a  paper  kite,  acted  upon  in  one  direction  by  Ibe 
wind  and  in  another  by  the  string,  is  another  instance. 

Animal  Force,  as  applied  to  A/acliineri/.  All  machines  are 
impelled,  either  by  the  exertion  of  animal  force,  or  by  the 
application  of  the  powers  of  nature.  The  latter  comprise  the 
potent  elements  of  water,  air,  and  (ire.  The  former  is  more 
common,  yet  so  variable  as  hardly  to  admit  of  calculation  ;  it 
depends  not  only  on  the  vigour  of  the  individual,  but  on  the 
dill'erent  strength  of  the  particular  muscles  employed.  Every 
animal  exertion  is  attended  by  fatigue;  it  soon  relaxes,  and 
would  speedily  produce  exhaustion.  The  most  profitable  mode 
of  applying  the  labour  of  animals,  is  to  vary  their  muscular 
action,  and  revive  its  tone  by  short  and  frequent  intervals  of 
repose. 

The  ordinary  method  of  computing  the  effects  of  boraan 
labour  is,  from  the  weight  uhich  it  is  capable  of  elevating  to  a 
certain  height,  in  a  given  time,  the  product  of  these  three  num- 
bers expressing  the  absolute  quantity  of  performance.  This 
was  reckoned  by  Daniel  Bernoulli  and  Desaguliers  at  two  mil- 
lions of  pounds  avoirdupois,  which  a  man  could  raise  one  foot 
in  a  day.  But  our  civil  engineers  have  gone  much  fartlier,  and 
are  accustomed,  in  their  calculations,  to  assume,  that  a  labourer 
will  lift  ten  pounds  to  the  height  of  ten  feet  every  second,  and 
is  able  to  continue  such  exertion  for  ten  hours  each  day,  thus 
accumulating  the  performance  of  3,C0O,(M)O.  But  this  estimate 
seems  to  be  drawn  from  the  produce  of  momentary  exertion.<i, 
under  the  most  favourable  circumstances ;  and  it  therefore 
greatly  exceeds  the  actual  results,  as  commonly  depressed  by 
fatigue,  and  curtailed  by  the  unavoidable  waste  of  force. 

Coulomb  has  furnished  the  most  accurate  and  varied  obser- 
vations on  the  measure  of  human  labour.  A  man  will  climb  a 
stair,  from  70  to  100  feet  high,  at  the  rate  of  4.5  feet  in  a  minute. 
Reckoning  his  weight  at  155  lbs.,  the  animal  exertion  for  one 
minute  is  0,975,  and  v\ould  amount  lo  4,1  S5,000  if  continued 
for  ten  hours.  But  such  exercise  is  too  violent  lo  be  often 
repeated  in  the  course  of  a  day.  A  person  may  clamber  up  a 
rock  500  feet  high  by  a  ladder-stair  in  twenty  minutes,  and 
consequently  at  the  rate  of  25  feet  each  minute  ;  his  eflorts  are 
thus  already  impaired,  and  the  pcrfoimance  reaches  only  3,875 
in  a  minute. 

But,  under  the  incnmbrance  ofa  load,  the  quantity  of  action 
is  still  more  remarkably  diminished.  A  porter  weighing  140  lb. 
was  found  willing  to  climb  a  stair  40  feet  high  2(Hi  times  in  a 
dav  ;  but  he  could  carry  up  only  66  loads  of  lire-wood,  each  of 
them  103  lb.  weight.  In  the  former  case,  his  daily  performance 
was  very  nearly  1.. 500, 000;  while,  in  the  latter,  it  amounted 
only  to  808,000.  The  quantity  of  permanent  cfl'cct  was  hence 
only  abo.ut  700,000,  or  scarcely  half  the  labour  exerted  in  mere 
climbing.  In  the  driving  of  piles,  a  load  iif  42  lb.,  called  the 
ram.  is  drawn  up  3J  feet  high  20  times  in  a  minute;  but  the 
work  has  been  considered  so  fatiguing  as  to  endure  only  three 
hours  a  day.  This  gives  about  530,000.  for  the  daily  perfor- 
mance. Nearly  the  same  result  is  obtained,  by  computing  the 
quantity  of  water,  which  by  means  of  a  double  bucket,  a  man 
drew  up  from  a  well.  He  lifted  ,301b.  120  times  in  a  day  from 
a  depth  of  120  feet,  the  total  ellect  being  518,400.  A  skilful 
labourer  working  in  a  field  with  a  large  hoe,  creates  an  eflect 
equal  to  728,000.  When  the  agency  of  a  winch  is  employed  in 
turnins:  a  machine,  the  performance  is  still  greater,  amounting 
to  H45.000. 

In  all  these  instances,  a  certain  weight  is  heaved  up,  but  a 
much  smaller  cfl'ort  is  sullicienl  to  transport  a  load  horizontall)  . 
A  man  could,  in  tlie  space  of  a  day.  scarcely  reach  an  altitude 
of  two  miles  by  climbing  a  stair;  though  he  will  easily  walk 
over  thirty  miles  on  a  smooth  and  level  road.  But  he  would 
in  the  same  time  carry  only  1:10  lb.  to  the  fourth  part  of  that 
distance,  or  74  miles.  Assuming  his  own  weight  lo  be  140  lb., 
the  quantity  of  horizontal  action  would  amount  to  42.7GS,00O, 
or  twenty-eight  times  the  vertical  performance  ;  but  the  share 
of  it  in  conveying  the  load  is  20.001,780,  or  about  thirty  limes 
what  was  spent  in  its  elevation.  The  greatest  advantnirc  is 
obtained  by  reducinsr  the  Imrden  lo  102  lb.,  the  length  of  jour- 
nev  being  augmented  in  a  hiirlicr  r.ilio. 

These  results  are  apparently  below  the  average  of  English 
labour,  which  is  not  onlv  most  vigorous,  but,  in  many  cases, 
quite  overstrained.     Moderate  exertion  of  strength,  joined  to 
4o 
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regularity  and  perseverance,  would  be  more  conducive  to  robust 
health,  and  the  conilortabie  duration  of  human  life. 

A  porter  in  London  is  accustomed  to  carry  a  burden  of 
200  lb.  at  the  rale  of  three  miles  an  hour.  In  the  same  metro- 
polis, a  couple  of  Irish  chairmen  continue  at  the  pace  of  four 
miles  an  hour,  under  a  load  of  3001b.  These  exertions  are 
greatly  inferior,  however,  to  the  labour  performed  by  porters 
in  Turkey,  the  Levant,  and  generally  on  the  shores  of  the 
Mediterianean.  At  Constantinople,  an  Albanian  porter  will 
carry  800  or  9001b.  on  his  back,  stooping  forward,  and  assist- 
ing his  steps  by  a  sort  of  staB".  At  Marseilles,  four  porters 
commonly  cany  the  immense  load  of  nearly  two  tons,  by  means 
of  soft  hods  passing  over  their  heads,  and  resting  on  their 
shoulders,  with  the  ends  of  poles,  from  which  the  goods  are 
suspended. 

According  to  some  expcrimenis  of  the  late  Mr.  Buchanan, 
the  exertions  of  a  man  in  working  a  pump,  in  turning  a  winch, 
in  ringing  a  bell,  and  in  rowing  a  boat,  are  as  the  numbers  100, 
167,  227,  and  248.  But  those  eflbrts  appear  to  have  been  con- 
tinued for  no  great  length  of  time.  The  Greek  seamen,  in  the 
Dardanelles,  are  esteemed  more  skilful  and  vigorous  in  the  act 
of  rowing,  than  those  of  any  other  nation.  Even  the  Chinese, 
applying  both  their  hands  and  their  feet,  are  said  to  surpass 
ail  people  in  giving  impulsion  to  boats  by  sculling. 

The  several  races  of  men  dilVer  materially  in  strength,  but 
still  greater  diversity  results  from  the  constitution  and  habits 
of  the  individual.  The  European  is,  on  the  whole,  decidedly 
more  powerful  than  the  Inhabitants  of  the  other  quarters  of  the 
globe  ;  and  man,  reared  in  civilized  society,  is  a  finer,  robuster, 
and  more  vigorous  animal  than  the  savage.  In  the  temperate 
climates,  likewise,  men  are  capable  of  much  harder  labour, 
than  under  the  influence  of  a  burning  sun.  Coulomb  remarks, 
that  the  French  soldiers  employed  on  the  fortifications  of  the 
Isle  of  Martinique  became  soon  exhausted,  and  were  unable  to 
perform  half  the  work  executed  by  them  at  home. 

The  most  violent  and  toilsome  exertion  of  human  labour  is 
performed  in  Peru,  by  the  crriiers  or  cari/yeros,  who  traverse 
the  loftiest  mountains,  and  olambcr  along  the  sides  of  the  most 
tremendous  precipices,  with  travellers  seated  on  chairs  strap- 
ped to  tlieir  backs.  In  this  manner,  they  convey  loads  of  12, 
14,  or  even  18  stones ;  and  possess  such  strength  and  action, 
as  to  be  able  to  pursue  their  painful  task  eight  or  nine  hours, 
for  several  successive  days.  These  men  are  a  vagabond  race, 
consisting  mostly  of  mulaltoes,  with  a  mixture  of  whites,  who 
prefer  a  life  of  hardship  and  vicissitude,  to  that  of  constant 
though  moderate  labour. 

When  a  man  stands,  he  pulls  with  the  greatest  effect ;  but 
his  power  of  traction  is  much  enfeebled  by  the  labour  of  tra- 
velling. If  ti  denote  number  of  miles  which  a  person  walks  in 
an  hour,  the  force  which  he  exerts  in  dragging  forward  a  load 
will  be  expressed  nearly  by  \  (12 — 2oy.  Thus,  when  at  rest,  he 
pulls  with  a  force  of  about  29  pounds  averdu])ois ;  but  if  he 
walks  at  the  rate  of  two  miles. an  hour,  his  power  of  traction  is 
reduced  to  14  1b.;  and  if  he  quicken  his  pace  to  four  miles  an 
hour,  he  can  draw  only  .31b.  There  is  consequently  a  certain 
velocity  which  procures  the  greatest  efi'ect,  or  when  the  pro- 
duct of  the  traction  by  the  velocity  becomes  a  mnrimxm.  This 
takes  place  when  he  proceeds  at  the  rate  of  two  miles  an  hour. 
The  utmost  exertion  which  a  man  walking  might  continue  to 
make  in  drawing  up  a  weight  by  means  of  a  pulley,  would 
amount,  therefore,  in  a  minute,  only  to  2,430 ;  but  if  he  applied 
his  entire  strength,  without  moving  from  the  spot,  he  could 
produce  an  effect  of  3,075. 

The  labour  of  a  horse  in  a  day,  is  commonly  reckoned  equal 
to  that  of  five  men  ;  but  then  he  works  only  eight  hours,  while 
a  man  easily  continues  bis  exertions  for  ten  hours.  Horses 
likewise  display  much  greater  force  in  carrying  than  in  pulling  ; 
and  yet  an  active  walker  will  beat  them  on  a  long  journey. 
Their  power  of  traction  seldom  exceeds  144  pounds,  but  they 
are  capable  of  carrying  more  than  six  times  as  much  weight. 
The  pack-horses  in  the  West  Riding  of  Yorkshire  arc  accus- 
tomed to  transport  loads  of  420  11).  over  a  hilly  country.  But, 
in  many  parts  of  England,  the  mill-horses  will  carry  the  enor- 
mous burden  of  9101b.  to  a  short  distance.  With  regard,  how- 
ever, to  the  ordinary  power  of  draught,  the  formula  (12 — vy 
where  »  denotes  the  velocity  iu  miles  au  hour,  will  perhaps  be 


found  sufliciently  near  the  truth.  Thus,  a  horse  beginning  his 
pull  with  the  force  of  144  lb.,  would  draw  100  lb.  at  a  walk  of 
two  miles  an  hour,  but  only  641b.  when  advancing  at  double 
that  rate,  and  not  more  than  301b.  if  he  quickened  his  pace  to 
six  miles  an  hour.  His  greatest  performance  would  hence  be 
made  with  the  velocity  of  four  miles  an  hour.  The  accumulated 
eflTort  in  a  minute  v/ill  then  amount  to  22,528.  The  measure 
generally  adopted  for  computing  the  power  of  steam  engines  is 
much  higher,  the  labour  of  a  horse  being  reckoned  surticient  to 
raise,  every  minute,  to  the  elevation  of  one  foot,  the  weight  of 
32.0001b.  But  this  estimate  is  not  only  greatly  exaggerated, 
but  should  be  viewed  as  merely  au  arbitrary  and  conventional 
standard. 

Wheel  carriages  enable  horses,  on  level  roads,  to  draw,  at 
an  average,  loads  about  fifteen  times  greater  than  the  power 
exerted.  The  carriers  between  Glasgow  and  Edinburgh  trans- 
port, in  a  single-horse  cart,  weighing  about  7  cwt.,  the  load  of 
a  ton,  and  travel  at  the  rate  of  22  miles  a  day.  At  Paris,  one 
horse,  in  a  small  cart,  conveys  along  the  streets,  half  a  cord  of 
wood,  weighing  two  tons  ;  but  three  horses  yoked  in  a  line  are 
able  to  drag  105  cwt.  five  and  a  fourth,  or  that  of  a  heavy 
cart  loaded  with  building  stones.  The  Normandy  carriers 
travel  from  14  to  22  miles  a  day,  with  two-wheeled^  carts, 
weighing  each  11  cwt.,  and  loaded  with  79  cwt.  or  nearly  4 
tons,  of  goods,  drawn  by  a  team  of  four  horses. 

The  French  draught  horses,  thus  harnessed  to  light  car- 
riages, are  more  ellicient  perhaps  than  the  finer  breeds  of  this 
country.  They  perform  very  nearly  as  much  work  as  those  in 
the  single-horse  carts  used  at  Glasgow,  and  far  greater  than 
those  heavy  animals  which  drag  the  lumpish  aud  towering 
English  waggons.  The  London  dray-horses,  in  the  mere  act  ot 
ascending  from  the  wharfs,  display  a  powerful  effort,  but  they 
afterwards  make  little  exertion,  their  force  being  mostly 
expended  in  transporting  their  own  ponderous  mass  along. 

Oxen,  on  account  of  their  steady  draught,  are  in  many 
countries  preferred  for  the  yoke.  They  were  formerly  em- 
ployed universally  in  the  various  labours  of  husbandry.  The 
tenderness  of  their  hoofs,  unless  sliod,  however,  makes  thera 
unfit  for  pulling  on  paved  roads,  and  they  can  work  only  with 
advantage  in  soft  grounds.  But  they  want  all  the  pliancy  and 
animation,  which  are  the  favourite  qualities  of  the  horse. 

The  patient  drudgery  of  the  ass,  renders  him  a  serviceable 
companion  of  the  poor.  Though  much  inferior  in  strength  to 
the  horse,  he  is  maintained  at  far  less  cost.  In  this  country, 
an  ass  will  carry  about  two  hundred  weight  of  coals  or  lime- 
stone, twenty  miles  a  day.  But,  in  the  warmer  climates,  he 
becomes  a  larger  and  finer  animal,  and  trots  or  ambles  briskly 
under  a  load  of  150  pounds.  The  mule  is  still  more  powerful 
and  hardier,  being  fitted  equally  for  burden  and  draught. 

In  the  hotter  parts  of  Asia  and  Africa,  the  ponderous  strength 
of  the  elephant  has  been  long  turned  to  the  purposes  of  war. 
He  is  reckoned  more  powerful  than  six  horses,  but  his  con- 
sumption of  food  is  proportionally  great.  The  elephant  carries 
a  load  of  three  or  four  thousand  pounds, — his  ordinary  pace  is 
equal  to  that  of  a  slow  trot, — he  travels  easily  over  forty  or 
fifty  miles  in  a  day,  and  has  been  known  to  perform,  in  that 
time,  a  journey  of  a  hundred  and  ten  miles.  His  sagacity  and 
intelligence  direct  him  to  apply  his  strength  according  to  the 
exigency  of  the  occasion. 

The  camel  is  a  most  useful  beast  of  burden  in  the  arid  plains 
of  Arabia.  The  stronger  ones  carry  a  load  of  ten  or  twelve 
hundred  weight,  and  tlie  weaker  ones  transport  six  or  seven 
hundred;  they  walk  at  the  rate  of  two  uiilcs  and  a  half  in  an 
hour,  and  march  about  thirty  miles  every  day.  The  camel  tra- 
vels often  eight  or  nine  days,  without  any  fresh  supply  of  water ; 
when  a  caravan  encamps  in  the  evening,  he  is  perhaps  turned 
loose,  for  the  space  of  an  hour,  to  browze  on  the  coarsest  her- 
bage, which  serves  him  to  runn'nate  during  the  rest  of  the 
night.  In  this  manner,  without  making  any  other  halt,  he  will 
perform  a  dreary  and  monotonous  journey  of  two  thousand 
miles. 

Within  the  Arctic  Circle  again,  the  rein  deer  is  a  domesti- 
cated animal,  not  less  valuable.  He  not  only  feeds  and  clothes 
the  poor  Laplander,  but  transports  his  master  with  great  swift- 
ness, in  a  covered  sledge,  over  the  snowy  and  frozen  tracts. 
The   rein  deer  subsist  on  the  scanty  vegetation  of  mofes  or 
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lichens,  and,  though  very  docile,  they  are  not  powerful.  Two 
of  tliem  are  required  to  draw  a  lij;ht  sledge  :  so  harnessed,  they 
will  run  fifty  or  sixty  miles  on  a  stretch,  and  sometimes  per- 
form a  journey  of  a  hundred  and  twelve  miles  in  the  course  of 
a  day.     But  such  exertions  soon  wear  them  out.   , 

A  sort  of  dwarf  eamel  was  the  only  animal  of  burden  pos- 
sessed by  the  ancient  Peruvians.  The  Lama  is,  indeed,  pecu- 
liarly fitted  for  the  lofty  regions  of  the  An<les.  The  strongest 
of  them  carry  only  from  1.50  to  200  pounds,  hut  perform  about 
fifteen  miles  a  day  over  the  roughest  mountains.  They  gene- 
rally continue  this  labour  during  five  days,  and  are  then  allowed 
10  halt  two  or  three  days  before  they  renew  their  task.  The 
Paco  is  another  similar  animal,  employed  likewise  in  trans- 
porting goods  in  that  singular  country  ;  it  is  very  stubborn, 
however,  and  carries  only  from  fifty  to  seventy  pounds. 

Even  the  exertions  of  goats  have,  in  some  parts  of  Europe, 
been  turned  to  useful  labour.  They  are  made  to  tread  in  a 
wheel  which  draws  water,  or  raises  ore  from  the  mine.  Though 
a  very  light  animal,  the  goat  is  nimble,  and  climbs  at  a  high 
angle.  Supposing  this  soaring  creature,  though  only  the  fourth 
part  of  the  weight  of  a  man,  to  march  as  fast  along  an  ascent  of 
40  degrees,  as  he  does  over  one  of  18  degrees, — the  sine  of  the 
former  being  double  that  of  the  latter, — it  musj,  yet  perform 
half  as  much  work. — Leslie's  Elements  of  A'atui  al  P/iilosop/n/, 

FORCEPS,  in  Surgery,  &c.  a  pair  of 
scissars  for  cutting  oil,  or  dividing,  the 
fleshy  membranous  parts  of  the  body,  as 
occasion  requires. 

FORCER,  Temporary,  for  a  pump,  is 
a  contrivance  to  produce  a  constant 
stream.  A  very  simple  forcer  of  this 
kind  has  been  devised  by  Mr.  R.  Trevi- 
thick  :  it  consists  in  fixing  a  barrel  with 
solid  piston  along  the  side  of  the  connnon 
pump,  in  such  a  nmnner  that  the  lower 
space  of  the  additional  barrel  may  com- 
municate with  the  space  between  the  two 
valves  of  the  pump;  and  lastly,  by  con- 
necting the  rods  at  D,  so  that  they  may 
work  together.  This  is  shewn  in  the 
annexed  figure,  and  the  eli'ect  is,  that 
when  the  pistons  are  raised,  the  spaces 
of  the  cjlinders  beneath,  A  and  B,  be- 
come filled  by  the  pressure  of  the  atmo- 
sphere, at  the  same  time  that  the  upper 
column  flows  out  at  E,  the  discharging 
spout. 

But  again,  when  the  pistons  descend, 
the  valve  C  shuts,  and  consequently,  the 
water  driven  by  the  piston  in  B  must 
ascend  through  A,  and  continue  to  pro- 
duce an  equal  discharge  through  E  in  the 
down  stroke. 

FORCING,  among  Gardeners,  signifies  the  making  trees 
produce  ripe  fruit  before  their  usual  time.  This  is  done  by 
planting  them  in  a  hot-bed  against  a  south  wall,  and  likew  isc 
defending  them  from  the  injuries  of  the  weather  by  a  glass 
frame.  They  should  always  be  grown  trees,  as  young  ones  are 
apt  to  be  destroyed  by  this  management.  The  glasses  must  be 
taken  olf  at  proper  seasons,  to  admit  the  benefit  of  fresh  air, 
and  especially  of  gentle  showers. 

Ft)RE,  the  distinguishing  character  of  all  that  part  of  a 
ship's  frame  an<l  machinery  which  lies  near  them. 

Fore  and  Aft,  throughout  the  ship's  whole  length,  or  from 
end  to  end ;  it  also  implies,  in  a  line  with  the  keel.  Fore  Bow 
Line,  the  bow-liue  of  the  fore-sail.     See  Bow  Line. 

FoHic  Braces,  ropes  applied  to  the  fore  yard-arms,  to  change 
the  position  of  the  fore-sail  occasionally.  •■ 

FoKH  Castle,  a  short  deck  placed  in  the  fore  part  of  a  ship 
above  ihc  upjier  deck;  it  is  usually  terminated  both  before  and 
behind  in  vessels  of  war  by  a  breast-work,  the  foremost  part 
forming  the  top  of  the  beak  head,  and  the  hind  part  reaching 
to  the  after  part  of  the  fore  chains.  Fore  Castif  Tl/cn,  sailors 
stationed  on  the  fore  castle,  who  are  generally  prime  seamen. 

Fore  Cat-Harpinys,  a  complication  of  ropes  used  to  brace  in 
the  upper  part  of  the  fore  shrouds. 
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FoUE  Closed,  in  Law,  signifies  the  being  shut  out,  and 
excluded  or  barred,  theequily  of  redemption  on  mortgages,  &c. 

Fore  Foot,  a  piece  of  timber  which  terminates  the  keel  at 
the  fore  end  ;  it  is  connected  by  a  scarf  to  the  extremity  of  the 
keel,  and  the  other  end  of  it  which  is  incurvated  upwards  into 
a  sort  of  knee,  is  attached  to  the  lower  end  of  the  stem  ;  it  is 
also  called  a  gripe.  As  the  lower  arm  of  the  fore  foot  lies  on 
the  same  level  «ith  the  keel,  so  the  upper  one  coincides  with 
the  middle  line  of  the  stem  ;  its  breadth  and  thickness  tliere- 
lore  correspond  with  the  dimensions  of  those  pieces,  and  the 
heel  of  the  cutHatcr  is  scarfed  to  it's  upper  end. 

Fore  Land,  a  cape  or  promontory  projecting  into  the  sea, 
as  the  North  and  South  Forelands. 

Fore  Tachle,  tackle  on  the  fore  mast,  and  also  tackle  used 
for  stowing  the  anchor.  Furctop  3lcn,  men  stationed  in  the 
forctop,  in  readiness  to  set,  or  take  in  the  smaller  sails,  and  to 
keep  the  upper  rigging  in  order. 

Fore  liunner  of  the  /.ine,  a  small  piece  of  red  buntin,  laid 
into  that  line  at  a  certain  distance  from  the  log,  the  space 
between  them  being  called  the  stray  line,  which  is  usually  from 
twelve  to  fifteen  fathoms,  and  is  an  allowance  for  the  log  to  be 
entirely  out  of  the  ship's  dead  water,  before  they  begin  to  esti- 
mate the  ship's  velocity,  consequently  the  knots  begin  from 
that  point.     See  the  article  Loo. 

Fore  Staff',  is  an  instrument  used  at  sea  for  taking  the 
altitudes  of  heavenly  bodies.  The  fore  stall',  called  also  cross 
stall',  takes  its  denomination  hence,  that  the  observer  in  using 
it  turns  his  face  towards  the  object,  in  contradistinction  to  the 
back  stall,  where  he  turns  his  back  to  the  object. 

FOREIGN  Sea  MEN,  serving  two  years  on  board  British  ships, 
whether  of  war,  trade,  or  privateers,  during  the  time  of  war, 
shall  be  deemed  natural-born  subjects. 

FORE.ru  DGER,  in  Law,  a  judgment  whereby  a  man  is 
deprived,  or  put  out,  of  the  thing  in  question. 

FtJREST,  in  Law,  a  certain  territory  of  woody  grour  '  I 
fruitful  pastures,  privileged  fur  wild  beasts  and  fowls  of  forest, 
chase,  and  warren,  to  rest  and  abide  under  the  protectioniof  the 
king,  for  his  princely  delight.  Every  forest  is  supposed  to  be 
bounded  by  unremovable  marks  and  nicrcs,  either  known  by 
matter  of  record  or  prescription.  Besides  the  New  Forest  in 
ILimpshire,  theie  are  68  other  forests  in  England,  13  chases, 
and  more  than  700  parks.  New  Forest  lies  on  the  sea  side, 
Hampshire,  Kirwood  forest  is  on  the  banks  of  the  Trent,  Dean 
forest  on  the  Severn,  and  Windsor  forest  on  the  Thames.  .\ 
forest  strictly  taken  cannot  be  in  the  hands  of  any  but  the  king, 
who  alone  has  power  to  grant  a  commission  to  the  justice  in 
eyre  of  the  forest;  yet  if  he  grants  a  forest  to  a  subject,  titat 
subject  and  his  heirs  shall  have  a  jnsiicins  in  the  forest,  in 
which  case  the  subject  has  a  forest  in  law.  Beasts  of  the 
forest  are  the  hart,  hind,  buck,  doe,  bear,  wolf,  fox,  hare. 

Forest  Courts  take  cognizancee  of  all  trespasses  committed 
in  the  said  forests,  whether  these  be  injuries  done  to  the  veni- 
son, the  vert,  or  greensward,  or  to  the  covert  in  which  such 
deer  are  lodged.  Aiulthc  forest  laws  are  laws  peculiarly  appli- 
cable to  the  forests,  being  dilTcrcnt  from  the  common  law  of 
Biiglanfl. 

FORESTALLING,  is  the  buying  or  bargaining  for  any  corn, 
cattle,  or  other  merchandise,  by  the  way,  before  it  comes  to  any 
market  or  fair  to  be  sold  ;  or  as  it  conies  from  beyond  the  seas, 
or  otherwise,  towards  any  port  or  creek  of  this  realm,  to  sell 
the  same  again  at  a  higher  price.  At  the  common  law,  all 
endeavours  to  enhance  the  price  of  merchandise,  and  all  prac- 
tices which  have  a  tendency  thereto,  whether  by  spreading  false 
rumours,  or  by  purchasing  things  in  a  market  before  the  accus- 
tomed hour,  or  by  buying  and  selling  again  the  same  thing  in 
the  same  market,  or  by  such  devices,  are  criminal,  and  punish- 
able by  fine  and  imprisonment. 

FORESTER,  a  sworn  ofiicer  of  the  forest,  appointed  by  the 
king's  letters  patent  to  walk  the  forest  at  all  hours,  watch  over 
the  vert  and  venison  ;  also  to  make  attachments  and  true  pre- 
sentments of  all  trespasses  connnitted  Hilhin  the  forest. 

Ft)l{FEITURE,  in  Law,  a  transgression,  or  ollence,  or  more 
properly  speaking,  the  ellcct  of  such  transgression,  as  the  loss 
of  i)rivilege,  right,  estate,  honour,  olllce,  or  rllects,  either  in 
civil  or  criminal  eases.  In  ciril  cases,  as  when  a  tenant  in  tail 
makes  leases  not  warranted  by  the  statute,  a  forfeiture  is  com- 
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niittetl,  and  be  vvlio  b;is  the  inimediale  reversion  may  enter 
upon  possession.  In  ciiminnl  cases,  it  is  two-fold  ;  of  real  and 
personal  estates,  as  by  attainder  in  liinh  treason  ;  or  in  petty 
treason  and  felony,  of  all  chattel  interests  absolutely,  and  the 
profits  of  all  freehold  estates  during  life  and  after  death,  of  all 
lands  and  tenements  in  fee  simple  (but  not  those  in  tail),  to  the 
crown  for  a  year  and  a  day,  &c.  Lands  are  forfeited  upon 
attainder,  and  not  before;  goods  and  chattels  are  forfeited  by 
conviction. 

FORFICULA,  Earwig,  an  insect  of  the  coleoptera  order. 
The  wings  of  this  insect  are  remarkably  elegant,  and  are  con- 
voluted beneath  their  smn'l  sheaths  in  a  curious  manner  ;  they 
are  very  large  in  proporiion  to  the  animal,  transparent,  and 
slightly  iridescent.  The  earwig  Hies  only  by  night,  and  It  is 
with  difliculty  made  lo  expand  its  v, ings  by  day.  The  popular 
dread  in  which  this  insect  is  held,  on  a  supposition  of  its  some- 
times entering  the  ear,  and  piercing  the  timpanum,  is  con- 
sidered by  some  as  problematical,  though  there  are  undoubtedly 
instances  of  earwigs  having  accidentally  taken  shelter  in  the 
ears  of  persons  asleep,  and  occasioning  great  pain.  The  best 
means  of  expelling  them  is,  to  drop  a  small  quantity  of  brandy 
or  other  spirit  into  the  ear. 

FORGE,  a  little  furnace,  as  that  used  by  smiths.  See.  or, 
simply,  a  pair  of  bellows,  the  muzzle  of  which  is  directed  upon 
a  smooth  area,  on  which  coals  are  placed.  See  Bf.llows. — 
Forge  is  also  used  when  speaking  of  a  large  furnace,  wherein 
iron  ore  taken  out  of  the  mine,  is  melted  down  ;  or  it  is  more 
properly  applied  to  another  kind  of  furnace,  wherein  the  iron 
ore  melted  down  and  separated  in  a  former  furnace,  and  then 
cast  into  sows  and  pigs,  is  heated  and  fused  over  again,  and 
beaten  afterwards  with  large  hammers,  and  thus  rendered  more 
soft,  pure,  ductile,  and  fit  for  use. 

Forge  Blowint/  Engine,  by  Mr.  Patcrson,  Lanark.  The 
Improvement  in  this  blowing  engine  is,  that  by  the  use  of  two 
cylinders  blowing  alternately,  the  blast  is  equalized  without 
cither  a  water-pressure  or  an  air-vessel ;  and  thus,  without  the 
aid  of  these,  and  with  less  weight  upon  the  moving  power, 
whether  steam-engine  or  water-wheel,  a  constant  and  steady 
blast  is  obtained. 

Description. — This  machine  has  been  used  for  some  time  back. 
It  is  driven  by  a  water-wheel  of  five  horse  power,  and  has  been 
found  preferable  to  a  blast  from  one  cylinder.  Mr.  Paterson 
can  smelt  at  least  one-third  more  iron  with  the  same  quantity  of 
coke,  and  make  larger  pigs  ;  and  besides,  the  iron  is  much 
more  fluid  or  better  fused,  than  was  the  case  when  he  used  the 
blowing  engine  with  one  cylinder.  He  farther  considers  it  a 
great  advantage  for  the  machinery,  as  it  entirely  does  away 
jolting,  the  crank  being  alike  strained  at  all  points.  A,  (see 
the  engraving,)  the  upright  cylinder ;  B,  the  horizontal  cylin- 
der; C,  C,  the  two  connecting  rods;  D,  the  crank;  E,  the 
walking  beam  ;  F,  the  parallel  motion ;  G,  the  pipes  for  con- 
veying the  blast  to  the  cupola;  H,  the  cupola  or  furnace;  I, 
the  small  wheel,  running  upon  a  cast  iron  bar,  with  a  groove  in 
its  top,  in  order  to  keep  the  piston  rod  parallel ;  K,  is  two 
cast  iron  plates  standing  on  edge,  to  allow  the  connecting  rod 
to  move  between  them,  and   to  support  tlie  upright  cylinder ; 


L,  L,  the  chests  wliere  the  valves  are  placed  to  admit  the  air 
into  the  upright  cylinder,  but  they  cannot  be  shewn  in  the 
plate.  The  valves  In  the  horizontal  cylinder  arc  fixed  to  the 
onds  of  the  cylinder,  and  open  Inwards  to  admit  the  air  into  it. 


M,  !M,  the  pedestals  for  the  cylinder  and  crank  to  be  fixed 
upon  ;  N,  the  spring  beams  for  carrying  the  walking  beam  ; 
O,  a  beam  to  go  across  the  house  to  support  the  spring  beams 
and  the  walking  beams. — Glasgow  Mecli.  Mag. 

FouGE  Furnace.  The  forge  furnace  consists  of  a  hearth, 
upon  which  a  fire  may  be  made,  and  urged  by  the  action  of  a 
large  pair  of  double  bellows,  the  nozzle  of  which  is  inserted 
through  a  w  all  or  parapet  constructed  for  that  purpose.  Black 
lead  pots,  or  small  furnaces  of  every  desired  form,  may  be 
placed,  as  occasions  require,  upon  the  hearth  ;  and  the  tube  of 
the  bellows  being  inserted  into  a  hole  in  the  bottom  of  the 
furnace,  it  becomes  easy  to  urge  the  heat  to  almost  any  degree 
required. 

Forge  Hammer,  moved  by  steam.  We  shall  here  present 
our  readers  with  a  recent  application  of  steam  to  work  a  forge 
hammer,  which  from  the  engraving  and  description,  must  be 
easily  understood  by  all  persons  connected  with  iron  factories. 


& 


Description. — A,  ihe  cylinder,  the  bottom,  n,  of  which  Is  kept 
very  hot  by  the  fire  in  the  stove,  S.  B,  the  beam,  vibrating  on 
a  centre,  C.  D,  the  anvil.  E,  the  iron  to  be  forged.  F,  F,  F, 
the  foundation  or  floor  for  the  machine  to  rest  on.  G,  a  cistern, 
filled  with  water  as  high  as  t,  and  the  remaining  part  with  air. 
H,  the  hammer.  I,  a  weight,  heavy  enough  to  lift  the  hammer, 
and  to  overcome  the  friction  of  the  machine.  K,  a  pnir  cf 
smith's  bellows  Inverted,  which  receives  motion  from  the  beam, 
B,  by  means  of  the  connecting  rod,  Q.  L,  an  upright  shaft, 
fastened  to  the  top  of  the  cylinder.  A,  to  which  the  radius  rod 
of  the  parallel  motion,  P,  is  fixed.  R,  a  rod  to  let  water  into 
the  cylinder,  move  the  forcing  pump,  Z,  and  let  steam  out  of 
the  cylinder.  This  rod  has  a  hole  In  It  about  one-eighth  of  an 
inch  long;  and  when  the  hammer  is  at  its  greatest  height,  as 
Is  shewn  in  the  figure,  this  rod  is  at  the  bottom;  the  hole,  a, 
comes  opposite  to  the  pipe,  ;>,  and  allows  the  water  to  be 
forced  out  of  the  cistcin,  G,  into  the  cylinder.  A,  (which  is  made 
air-tight  at  top,  m,  and  rather  broader  in  the  inside,  to  allow 
the  water  to  pass  to  the  bottom,  71,)  w  hich  is  immediately  con- 
verted Into  steam,  and  thus  gives  a  very  great  force  to  the 
hammer.  This  rod  at  the  same  time  shuts  the  communication 
with  the  atmosphere,  by  means  of  the  pins  xx,  and  crank  t, 
more  fully  exhibited  in  fig.  2.  When  the  end,  Y,  of  the  beam 
is  at  the  top,  the  bottom  pin,  a,  lifts  up  the  crank,  e,  and  allows 
the  steam  to  pass  through  the  groove  g,  (which  Is  made  in  the 
steel  cock,  eg,  exactly  to  the  centre,)  iiitu  the  atmosphere,  and 
allows  the  piston  to  descend.  The  piston  of  the  forcing  pump, 
Z,  is  also  lifted  by  this  rod  by  the  catch,  /';  but  as  the  beam 
descends,  it  docs  not  force  down  the  piston,  but  lets  the  weight, 
jt),  force  the  water  up  the  pipe,  T,  according  as  It  is  consumed. 
w,  a  cock  for  stopping  the  engine. — London  Mech.  Mag. 

FORGERY,  in  Common  Law,  the  fraudulent  making  or 
altering  of  writing  to  the  prejudice  of  anothtr  man's  right;  for 
which  the  ollender  may  sufler  Imprisonment,  banishment, 
death.  Forgeries  in  court  rolls,  «ills.  deeds,  bonds,  acquit- 
tances of  debts,  are  all  felonies;  In  bank  bills,  bills  of  credit, 
promlssary  notes,  stamps,  &c.  felonies  without  benefit  of  clergy  ; 
aiding  and  abetting  In  any  forgery  of  a  deed,  bond,  bill  of 
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exchange,  indorsement,  assignment,  &c.  is  felonj'  without  benefit 
of  clergy.     See  Printing. 

FORLORN  Hope,  in  the  Military  art,  signifies  men 
detached  from  several  regiments,  or  otherwise  appointed,  to 
make  the  first  attack  inday  of  battle,  or  at  a  siege  to  storm  the 
counterscarp,  mount  the  breach,  or  the  like.  They  are  so 
called  from  the  great  danger  they  are  unavoidably  exposed  to. 

FORM,  Printer's,  an  assemblage  of  letters,  words,  and 
lines,  disposed  into  pages  by  the  compositor,  and  from  which 
the  printed  sheets  are  taken. 

FORMA  Pauperis,  in  Law,  is  when  any  person  having  cause 
of  suit,  and  cannot  support  the  charges,  upon  affidavit,  that  he 
is  not  worth  five  pounds,  the  court  admits  him  to  sue  without 
fees  or  paying  costs. 

FORM.\TIONS,  the  rocks  and  other  solid  arrangements  of 
matter,  of  which  the  globe  is  composed,  are  considered  by 
geologists  as  having  been  formed  at  did'erent  times  ;  and  hence 
they  speak  of  older  and  \aXeT  formations,  limestone  formations, 
sandstone  formations,  and  such  like. 

FORMIATES,  compounds  of  the  formic  acid  with  earths, 
alkalies,  and  metallic  oxides. 

FORMIC  Acid,  is  obtained  from  ants,  either  by  simple  dis- 
tillation, or  by  infusing  them  in  hot  wat«r,  and  afterwards 
distilling.  It  may  afterwards  be  purified  by  repealed  rectifica- 
tion, or  it  may  be  done  in  the  time  of  frost.  This  acid  has 
been  employed  by  quacks  to  relieve  the  pain  of  the  toothache. 
It  has  a  very  sour  taste,  and  remains  liquid  at  a  low  tempera- 
ture.    Specific  gravity  at  08°  is  11168. 

FORMICA,  the  Ant,  a  well-known  insect  of  the  class  hyme- 
noptera.  There  are  eighteen  species,  which  live  in  a  social 
state,  and  are  divided  into  males,  females,  and  neutrals.  These 
last  condoct  the  business  of  the  nest,  which  is  usually  placed 
at  a  little  distance  from  the  surface,  in  some  slight  elevation 
prepared  by  the  insects  themselves,  or  previously  formed  by 
moles,  &c.  Ants  feed  on  animal  and  vegetable  substances, 
devouring  caterpillars,  &c.  as  well  as  fruits. 

FORMULA,  or  Form,  in  Analysis,  is  any  general  theorem  or 
literal  expression,  and  is  said  to  be  algebraical,  logaritliiiiic, 
trigonometrical,  &c.  according  as  it  relates  to  either  of  these 
subjects. 

FORNICATION,  the  act  of  incontinency  in  single  persons  ; 
for  if  either  party  be  married,  it  is  adultery.  The  spiritual 
court  hath  the  proper  cognizance  of  this  offence;  but  formerly 
the  courts-leet  had  the  power  to  inquire  of  and  punish  forni- 
cation and  adultery  ;  in  which  courts  the  king  had  a  fine 
assessed  on  tlieoflTendcrs,  as  appears  by  the  book  of  doomsday. 

FORT,  a  small  fortified  place  environed  with  a  moat,  ram- 
part, and  parapet.  Forts  arc  of  difl'erent  figures  and  magni- 
tudes. Some  are  fortified  with  bastions,  and  others  with  demi- 
bastions.     See  the  folloHJng  articles. 

FORTIFICATION,  a  .sixcics  of  Military  Architecture,  con- 
sists of  the  planning  and  erecting  of  such  works  of  defence, 
agreeably  to  geometrical  principles,  as  may  protect  a  town,  or 
any  position,  from  the  capture  of  an  enemy.  Hut  the  reader 
must  not  expect  here  to  find  a  treatise  on  each  branch  of  tlicart. 
Confining  ourselves  to  facts  and  terms,  our  observations  will 
savour  more  of  definitions  than  rules  for  practice.  Fortification 
is  usually  divided  into  ancient  and  modern ;  offensive  and 
defensive  ;  regular  and  irregular. 

Ancient  Fortification  consisted  principally  of  defences  con- 
structed with  trunks  and  branches  of  trees,  mixed  with  earth, 
for  security  against  the  attacks  of  an  enemy.  Afterwards, 
when  battering  rams,  catapults,  and  other  instrwments  of  attack 
were  invented,  fortifications  were  constructed  of  thick  walls  of 
brick  or  stone,  with  towers,  placed  at  suitable  distances. 

The  object  of  Modern  Fortification  is  to  furnish  defence 
against  assailants  with  fire-arras  ;  the  walls  are  turned  into 
ramparts,  the  towers  into  bastions,  defended  by  numenuis 
outworks,  so  constructed  that  they  cannot  be  beaten  down  but 
by  the  fire  of  cannon.  The  works  are  contrived  so,  that  one  part 
flanks  or  defends  another,  and  render  the  approach  of  the 
besiegers  to  any  part  very  dangerous. 

Reijular  Fiirti/iralions,  arc  erected  in  the  shape  of  regular 
polygons,  the  sides  being  at  least  a  musket-shot  from  each 
other,  and  fortilicd  according  to  the  rules  of  art.  See  Bastion. 
—  Irrejiular    Fortifications,  on  the  contrary,  are   those  whose 
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sides  and  angles  are  not  uniform,  owing  to  some  irregularity 
of  the  ground.     These  usually  occur  in 

Field  Fortification,  or  the  constructing  of  temporary  works  for 
an  army  intrenched,  or  fortified  in  the  field.  In  this  position 
it  covers  a  country,  supplies  the  want  of  numbers,  stops  a 
superior  enemy,  or  obliges  him  to  engage  at  a  disadvantage. 
The  materials  used  for  field  fortifications,  are  such  as  can  be 
readily  obtained,  t'iz.  sand  bags,  earth,  and  fascines,  or  fagots 
of  small  wood,  ten  feet  long  and  one  foot  thick,  fastened  to  the 
parapet  by  pickets  driven  obliquely  into  the  bank.  Turf  is 
sometimes  used  when  wood  cannot  be  procured,  being  four 
inches  thick  and  eighteen  inches  square,  bridges  of  boats  are 
employed  for  facilitating  the  transport  of  troops  across  deep 
rivers,  and  arms  or  straits  of  the  sea.     See  Bastion. 

A  new  method  of  Defending  .Ships  and  Fortifications  against 
Cannon-balls,  and  of  causing  Ihera  to  fly  back  again  on  the 
Enemy.     By  Lewis  Gonipertz,  Esq. 

Having  made  some  experiments  on  a  plan  which  I  had 
designed,  for  rendering  ships  and  fortifications  shot-proof,  and 
of  causing  several  of  the  balls  which  might  be  fired  against 
them,  to  return  upon  the  enemy  ;  and  having  found  my  experi- 
ments (which  were  on  a  small  scale)  to  answer  my  expec- 
tations, I  have  here  to  explain  the  nature  of  the  plan,  with  the 
hopes  tliat  it  may  be  farther  considered  by  those,  whose  scien- 
tific and  practical  information  qualify  them  for  judging  how 
far  it  might  succeed  on  a  large  scale. 

But  before  I  enter  into  this  description,  I  think  it  proper  to 
observe,  that  the  chief  utility  it  may  promise,  is  in  its  appli- 
cation to  merchant  vessels,  ships  of  passage,  &c.  and  for 
fortifications;  but  for  ships  of  war  (as  it  could  be  adopted  by 
both  parties)  its  cfi'ect  would  become  neutralized,  though  it 
seems,  that  even  in  this  ease  it  would  save  the  men  from 
injury,  and  would  always  be  in  favour  of  the  weak  and  defen- 
sive side,  its  nature  being  that  of  defending  itself,  and  return- 
ing the  blows,  but  without  any  power  of  attacking,  unless 
furnished  with  guns  also. 

Figs.  4  and  5,  shew  two  views  of  a  ship  made  on  the  plan; 
fig.  3,  is  a  section  of  a  side  drawn  larger;  the  form  of  it  being 
apparent  by  the  drawing.  In  the  three  figures,  3,  i,  and  5,  the 
same  letters  refer  to  the  same  parts.  N  W  A  L  is  a  concave 
curve  to  return  the  balls  which  strike  it.  and  P  C  O  Is  a  trian- 
gular piece  (extending  beyond  NM  and  LK;  which  goes  all 
round  the  ship,  to  protect  the  most  perpendicular  part  of  the 
curve  W  A  from  being  struck  directly,  (otherwise  it  would  be 
easily  perforated,)  and  which  triangular  piece,  on  being  struck 
somewhat  horizontally,  evades  the  balls,  and  guides  them  pro- 
perly to  the  return  part  N  W  A  L,  so  that  they  follow  the  shape 
of  it,  and  return.  The  part  NM  above  the  curve  vOiere  the 
port-holes  are,  and  the  pait  L  K  (}  below  it,  are  made  oblique, 
to  evade  those  balls  which  strike  them,  the  part  N  M  sending 
them  upwards,  and  the  part  LKQ  directing  them  into  the 
water,  though  it  must  be  confessed,  that  some  of  the  former 
would  thereby  occasionally  be  thrown  into  the  rigging.  There 
are  a  number  of  supports  shewn  near  P.  fig.  4,  and  also  faintly 
expressed  in  fig.  5,  which  fasten  the  triangular  piece  to  the 
ship,  and  the  more  acute  the  outvNard  angle  is,  the  less  force 
will  it  generally  be  struck  with. 

Fig.  1,  is  also  a  section  of  a  side  of  a  different  construction, 
but  inferior,  and  less  applicable ;  though,  being  more  simple, 
and  on  nearly  the  same  principles.  I  v\ill  describe  the  nature 
of  that  first,  or  rather  both  together,  tl>c  same  reasoning  apply- 
ing to  each.  BC  is  the  side  forming  an  acute  angle  with  the 
water,  and  extending  some  way  under  the  water,  but  not  far, 
as  balls  do  not  generallv  penetrate  thnt  part  ol  a  ship  which  is 
far  below  the  surface  of  the  water.  S  T  is  a  board  placed  as 
shewn,  shaded,  so  that  there  shall  exist  a  vacancy  betw  een  itself 
and  the  side  of  the  ship  ;  this  vacancy  grows  progressively  less 
upwards,  till  there  is  oidy  room  left  for  a  ball  to  pass  ;  and  the 
board  is  fastened  by  different  supports  in  places  to  the  ship, 
but  these  are  not  put  in  this  figure,  as  they  would  hide  the 
operation.  The  part  W  is  so  curved  as  to  return  the  balls 
after  they  have  struck  the  inclined  part,  but  as  in  this  con- 
struction the  return  part  nii^lit  be  struck  by  balls  coming 
directly  against  it,  without  their  having  struck  the  inclined 
part,  it  might  be  required  to  make  the  most  perpendicular 
4p 
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place  of  it  near  P,  strong  enough  to  resist  the  balls,  this  por- 
tion of  the  curve  being  very  small.  The  effects  then  will  vary 
in  different  cases,  and  will  depend  on  the  hardness,  and  on  the 
elasticity,  of  the  material  of  the  side  of  the  ship,  and  of  the 
ball ;  also  on  the  force  with  which  the  balls  are  fired.  The 
following  results,  it  seems,  would  then  be  produced  : — 

Case  1.  If  the  ball  and  the  side  were  perfectly  elastic,  and  of 
sufficient  hardness  not  to  be  broken,  or  if  only  the  side  were 
perfectly  elastic,  then,  according  to  the  established  law,  the 
ball  would  be  reflected  backwards  and  forwards  in  fig.  1, 
between  the  side  C  B  and  board  S  T,  and  in  lig.  3,  between  I C 

Fig.  4. 


and  I  H,  at  equiangles,  and  would  not  follow  the  shape  of  the 
curve;  and  if  the  force  of  the  ball  should  not  be  too  much 
destroyed  by  the  operation,  it  would  at  last  be  rellected  off, 
though  most  likely  not  in  a  proper  direction  to  reach  the 
enemy. 

2dly.  If  neither  the  side  nor  the  ball  should  possess  any 
elasticity,  and  the  side  were  perfectly  hard,  whether  the  ball 
should  be  hard,  or  whether  it  should  be  soft,  (so  as  to  indent,) 
it  would  be  turned  out  of  the  direction,  and  would  in  fig.  1,  if 
struck  at  H,  proceed  up  the  inclined  side  B  C,  then  following 
the   shape  of  the  curve  W,  (the  motion  of  the  centre  being 

Fig.  5. 


shewn  dotted  at  I  P  Q,)  and  it  would  then  return  to  x  ;  and  in 
fig.  3,  if  it  should  strike  at  H,  it  would  proceed  in  the  direction 
of  the  whole  shape  N  W  A  L,  (the  motion  of  the  centres  being 
shewn  dotted  at  H  IJ  R,)  and  it  would  return  as  the  arrows 
point ;  but  if,  in  fig.  I,  it  should  strike  at  V,  or  in  fig.  3,  at  G, 
the  respective  balls  would,  after  sliding  or  rolling  up  the  boards 
TS  fig.  1,  and  I  C,  fig.  3,  strike  each  of  the  curves  in  such  a 
direction  as  to  follow  their  shapes  and  return,  without  any 
reflection  taking  place ;  and  in  fig.  3,  those  balls  which  entered 
at  G  would  return  at  x,  and  vice  versa. 

Case  2.  If  the  force  of  the  ball  K,  fig.  1,  should  only  be  so  far 
evaded  by  the  inclination  of  the  side,  as  to  penetrate  to  about 
half  the  depth  of  its  own  size  or  less,  (shewn  large  at  xy,  fig.  2,) 


and  if  tlu-re  were  no  elasticity  in  the  substances,  there  would, 
it  seems,  then  arise  a  great  force  to  repel  the  ball  beyond  what 
is  immediately  caused  by  the  inclination  of  the  side,  on 
account  of  the  rotary  motion  the  ball  would  have  acquired  by 
its  action  against  the  inside  of  the  indentation;  then  suppose 
B  A  H  Q,  fig.  2,  be  a  section  of  a  ball  going  nearly  in  a  parallel 
direction  C  B,  and  suppose  IKLQ  be  the  indentation,  in 
which  place  we  will  fancy  the  substance  of  the  side  to  be  so 
hard  as  not  to  give  way  any  more ;  the  effect,  it  seems,  would 
then  be,  that  the  centre  of  the  ball  B  would  begin  to  describe 
part  of  a  circle  BN,  about  the  centre  I,  (the  point  where  tlie 
indentation  and  the  remainder  of  the  side  meet,  and  of  the 
size  of  the  ball  itself.)   Then,  if  the  indentation  should  be  deep 
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and  the  velocity  preat,  the  ball  would  be  forced  completely  out 
of  it,  and  fly  far  above  the  top  of  the  ship,  because  the  part  of 
the  circle  B  N  which  the  centre  B  of  the  ball  would  begin  to 
describe,  would  be  nearly  perpendicular  to  the  side  S  1),  and 
as  there  would  be  nothing  to  change  the  direction  of  the  ball 
after  it  had  once  acquired  this  new  motion,  it  would  lly  olVin 
the  direction  of  the  most  perpendicular  part  of  the  circle  B  N, 
and  continue  in  this  direction,  though  not  of  the  continued 
circle  B  N,  but  in  a  straight  line  BR;  if,  however,  the  inden- 
tation sliould  be  small,  the  line  BR  would  be  more  nearly 
parallel  to  the  side  S  D,  in  which  case,  the  motion  of  the  ball 
would  not  be  caused  to  din"er  so  much  from  the  direction  of 
the  side,  but  that  it  might  strike  the  flat  board  T  S,  fig.  1,  in  a 
direction  KV,  which  would  prevent  it  from  flying  away,  and 
direct  it  to  the  side  again,  so  that  it  followed  the  return  part 
and  flew  back  again,  after  having  been  reflected  backwards 
and  forwards  (not  by  means  of  any  elasticity,)  but  by  the  re- 
action of  the  inside  surface  of  the  indentation  against  the  ball, 
as  before  described  ;  and  as  there  would  be  a  loss  of  force  at 
every  blow,  each  indentation  would  be  less  than  the  preceding 
one,  and  each  angle  of  reflection  would  be  more  obtuse,  as  is 
shewn  in  fig.  3,  till  the  ball  arrived  at  the  return  part  W  A,  so 
as  to  follow  the  shape  of  it,  ceasing  sensibly  to  rebound  when 
the  indentation  ceased  sensibly  to  take  place  ;  but  as  the  inden- 
tation and  point,  I,  would  not  be  so  liard  as  assumed,  the  eflect 
would  not  be  exactly  as  described  ;  though,  as  there  would  be  a 
continual  tendency  for  it  to  be  so,  according  (o  the  hardness  of 
the  side,  it  would  be  produced  to  a  certain  degree,  and  the  ball 
would  accordingly  continually  widen  the  indentation,  and  come 
out  at  some  other  point  T,  ir)stcad  of  I,  lig.  '2;  and  as  the  new 
direction  would,  by  the  yielding  of  the  substance,  be  less  per- 
pendicular than  when  the  material  was  extremely  hard,  the 
ball  vtould  be  the  more  inclined  to  follow  the  curvature  of  the 
side,  and  to  return,  and  the  less  inclined  to  fly  over  the  top  of 
the  ship,  as  the  angles  of  reflection  would  thereby  become  still 
more  obtuse  every  time  that  the  indentations  it  would  produce 
in  its  course  would  widen,  as  just  alluded  to. 

It  seems  that  the  tendency  of  being  reflected  by  the  reaction 
of  tlie  indentation  would  exist,  in  some  degree,  till  the  ball  was 
completely  buried,  allowing  the  material  of  the  side  of  the  ship 
to  be  as  deep  as  the  ball  ;  because,  suppose  the  ball  be  par- 
tially buried  to  H  M,  fig.  "2,  (above  the  diameter,)  and  allowing 
even  that  it  should  still  be  as  much  inclined  to  go  in  its  original 
direction  C  B  as  it  was  at  first,  (though  it  is  evident,  that  it 
must  have  acquired  some  tendency  to  alter  its  direction,  by  the 
blow,  &c. ;)  then,  to  see  this  clearly,  to  the  diameter  .r  //, 
which  is  parallel  to  the  side  of  the  ship,  draw  another  diameter 
V  K,  perpendicular  to  it.  It  will  then  be  obvious,  that  as  the 
ball  continued  to  penetrate,  it  would  be  opposed  at  its  whole 
buried  surface  H  K,  and  it  is  also  plain  that  if  the  resistan<e 
to  the  part  of  the  ball  between  x  and  K  tended  to  press  the 
ball  uptvards,  that  resistance  above  this  line  between  x  and  V 
would  tend  to  bury  it  still  deeper;  but  as  the  whole  of  the  arc 
X  K  would  be  greater  than  part  of  the  arc  x  V,  (H  V  being  by 
hypothesis  unburied,)  arc  x  V  would  always  cause  most  resist- 
ance; there  would  consequently  be  more  than  a  balance  of  force 
to  press  it  upwards,  which  would  exist  till  the  ball  was  wholly 
buried,  but  would  then  cease. 

But,  both  in  this  ease  and  in  case  1,  the  ball  is  inclined  to 
two  modes  of  acting,  either  In  going  up  the  side,  or  out  of  the 
indentation  ;  that  is,  by  rolling  or  sliding,  both  of  which  would 
rob  the  ball  of  some  of  Its  force,  by  the  friction  produced,  but 
the  less  should  be  the  impediments  which  cause  friction,  the 
more  would  it  be  inclined  to  slide,  and  the  more  of  them  there 
should  be,  the  more  would  it  be  inclined  to  roll,  in  its  course, 
but  even  tliis  would  also  rob  the  ball  of  some  of  its  progressive 
force,  and  would  be  partly  spent  in  giving  a  new  motion  (of 
rotation)  to  it,  which  would  assist  it  to  roll  up  the  side  of  the 
ship,  or  to  roll  out  of  the  indentation  ;  but  it  must  be  particu- 
larly observed,  that  either  the  rotary  motion  of  the  ball,  or  the 
action  of  Its  curved  surface  in  sliding,  would  tend  to  force  the 
centre  of  the  ball  out  of  the  Indentation  in  the  same  manner,  as 
it  is  easily  to  be  perceived  that  the  centre  would  describe  the 
same  curve,  if  it  were  to  roll  or  to  slide. 

It  is  moreover  evident,  that  this  power  of  turning  the  ball 
from  its  direction,  would  be  added  to  that  derived  immediately 


from  the  obliqnity  of  the  side,  though  this  would  be  the  cause 
of  it  all,  or,  in  other  words,  the  eflect  would  be  difl'trent  (what- 
ever was  the  hardness  of  the  side)  from  what  it  would  be  If  the 
ball  were  a  mere  point  or  flat  body,  acting  against  another  flat 
oblique  surface  or  indentation. 

Case  3.  If  the  force  should  be  so  great  that  the  ball  entirely 
buried  itself,  there  would  even  then  be  two  circumstances  in 
favour  of  this  construction  ;  first,  that  the  ball  would  have  to 
perforate  through  a  greater  substance  than  if  the  side  were 
perpendicular  to  the  motion,  the  distance  of  which  is  shewn  at 
H  K  fig.  1,  and  the  oblique  distance  shewn  at  H  O  ;  and 
secondly,  because  the  change  of  motion  which  would  take 
place  before  the  ball  was  quite  buried,  (as  above  described,) 
would  still  farther  increase  the  length  of  substance  to  be  per- 
forated by  it,  and  the  course  of  the  ball  might  be  so  much 
changed,  that  it  should  (after  it  was  quite  sunk)  have  to  per- 
forate the  side  through  the  remainder  of  its  length  upwards, 
instead  of  through  its  direct  thickness. 

It  would  be  possible,  however,  for  the  balls  to  come  in  a 
perpendicular  direction  to  the  side,  and  to  go  through  it 
directly,  but  it  is  improbable  that  this  should  frequently  be 
the  case  ;  and  it  seems  that  it  would  be  less  likely  to  happen  if 
it  were  fired  at  from  a  short  distance,  than  from  a  great  one, 
as  then  only  a  moderate  elevation  of  the  guns  would  be  re- 
quired,  whereas,  when  the  distance  was  small,  the  elevation 
would  become  so  great,  that  it  would  be  extremely  diflicult  to 
take  an  aim  so  that  the  balU  should  come  down  upon  it. 

Neither  of  the  cases,  however,  would  altogether  exist  as 
described;  but,  as  all  substances  possess  a  certain  degree  of 
hardness  and  elasticity,  there  would  be  a  mixed  eflect  pro- 
duced, though  I  do  not  conceive  the  elasticity  of  wood  to  be 
sufliciently  great  to  alter  the  cases  materially;  the  results 
would  therefore,  it  appears,  be  nearly  as  stated  when  the  elas- 
ticity was  not  supposed  to  exist,  but  with  some  very  sensible 
diflerenee. 

Since  having  made  the  preceding  observations,  I  have  tried 
the  experiments  relative  to  them  on  a  small  scale,  and  have 
found  them  precisely  according  to  mj  idea  The  side,  fig  J, 
was  represented  by  a  deal  board,  three-eightns  of  an  inch  thick, 
the  return  part  VV  was  of  plate-iron,  and  the  inside  of  the 
board  ST  was  (perhaps  improperly)  coated  with  iron,  the 
bullets  were  of  lead,  and  about  one-third  part  of  the  weight  ol 
a  musket  ball,  and  they  were  fired  from  a  blunderbuss  well 
charged  ;  they  made  very  slight  long  dents,  not  one-eighth  inch 
deep  in  the  tieal,  and  when  the  additional  board  TS  was  not 
used,  they  flew  upwards,  and  perforated  the  iron  return  part  W; 
but  when  the  board  TS  was  added,  they  each  made  a  dent 
also,  near  the  narrow  part  I,  and  followed  the  return  part  \V; 
and  then  they  returned  against  a  deal  board  placed  behind  the 
stock  of  the  blunderbuss,  and  left  moderately  deep  impressions 
on  it. 

I  also  made  experiments  on  the  plan  of  figs.  3,  4,  and  5, 
though  on  a  still  smaller  scale,  and  on  a  deal  model,  but  vtith 
the  same  accordant  results  to  the  remarks  I  have  made. 

A  thin  coating  of  iron,  on  a  wooden  side,  would  not,  I 
presume,  be  advantageous,  as  the  iron  would  bend  away  from 
that  part  of  the  ball  with  which  it  should  be  in  absolute  con- 
tact, and  the  ball  would  then  be  Improperly  directed  :  there- 
fore, whatever  substance  is  employed,  it  should  be  of  such  a 
nature  as  to  lit  the  ball  as  it  goes,  and  the  grain  of  the  wood 
of  which  the  side,  &c.  is  made,  should  be  in  the  direction  of 
the  motion  of  the  ball,  not  transverse. 

It  is  scarcely  necessary  to  notice,  that  if  the  object  of  return- 
ing the  ball  be  dispensed  with,  the  side  may  simply  be  formed 
into  a  triangle  C  ()  F,  figs.  3,  4,  and  5,  without  the  ccmcave 
part  NWAL;  and,  in  fig.  1,  without  the  return  part  W,  and 
board  TS,  though  the  balls  would  be  thrown  more  Into  the 
rigging  by  this  means. 

The  lower  part  L  should,  perhaps,  rather  bend  upwards,  to 
cause  the  balls  to  fly  a  little  upwards  in  returning,  because 
those  which  come  against  the  side  H,  figs.  3,  4.  and  .''>,  will  not 
only  be  lowered  the  whole  distance  between  H  and  L.  but  as 
they  will  return  rather  more  slowly  than  they  came,  they  will 
also  be  attracted  downwards  with  more  force  by  the  power  of 
gravity.  The  curve  will  likcHise  be  nmre  cfl'ective,  if  made 
smaller  at  the  entry  N  L,  than  at  the  other  part  W  A.     1  have 
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also  to  acid,  that  a  coating  of  grease  on  t]ie  side,  &c.  is,  it 
seems,  of  service. 

But,  I  am  fully  aware,  tliat  however  the  experimenis  might 
have  succeeded  in  miniature,  the  great  force  of  a  cannon-ball 
might  defy  them  all,  though  it  is  known  that  slight  obstructions 
afl'ect  their  motion,  when  opposed  to  them  obliquely.  It  also 
remains  to  be  further  tried,  whether  the  balls  would  be  re- 
turned with  sullicient  force. 

Any  person  repeating  these  experiments,  should  (in  order  to 
avoid  danger)  stand  at  the  side  of  the  gun,  at  a  great  distance, 
and  tie  a  string  to  the  trigger,  and  of  course  must  not  place 
himself  either  behind  or  before  it. 

These  observations  are  meant  also  to  apply  to  fortifications, 
where,  it  seems,  that  the  plan  would  be  as  effectual,  or  more 
so,  than  for  ships. 

FORTIN,  FoiiTRET,  or  Field  Fort,  a  sconce  or  little  fort, 
wliose  flanked  angles  are  generally  distant  from  one  another 
120  fathoms. 

FOSS,  in  Fortification,  a  hollow  place,  commonly  full  of 
water,  lying  between  the  scarp  and  counterscarp,  below  the 
rampart;  and  turning  round  a  fortified  place,  or  a  post  that  is 
to  be  defended. 

Foss  Way,  one  of  the  four  principal  highways  of  England, 
that  anciently  led  through  the  kingdom,  supposed  to  be  made 
by  the  Romans,  having  a  ditch  upon  one  side. 

FOSSIL,  in  Natural  History,  any  thing  dug  out  of  the  earth  ; 
and  therefore  fossils  may  henative  or  extrnneous:  the  former  shew 
no  traces  of  organization  ;  the  latter  are  the  remains  of  the  vege- 
table and  animal  kingdoms  ;  and  these  fossils  are  bones,  shells, 
trees,  leaves,  J<c.  Numerous  opinions  are  entertained  of  these 
organic  remains  ;  some  authors  maintaining  that  they  are  real 
stones,  and  stone  plants,  or  bones  ;  others,  that  they  have  ])een 
buried  where  they  are  now  found,  at  the  universal  deluge. 
This  seems  the  most  natural  opinion  ;  for,  in  the  tremendous 
convulsion  of  the  whole  mass  of  earth  at  the  deluge,  there  is 
great  reason  to  suppose  that  the  various  strata  would  range 
themselves  according  to  their  specific  gravity,  and  bury  in  one 
general  intermixture,  earths,  rocks,  plants,  cpiadrupeds,  fishes, 
birds,  and  preserve  them  as  we  now  find  them,  or  at  least  give 
them  those  impressions  they  retain. 

FOTHERING,  a  peculiar  method  of  endeavouring  to  stop  a 
leak  in  the  bottom  of  a  ship,  while  she  is  alloat  either  at  sea  or 
at  anchor,  which  is  performed  by  fastening  a  sail  at  the  four 
corners,  letting  it  down  under  the  ship's  bottom,  and  then 
putting  a  quantity  of  chopped  rope  yarn,  oakum,  wool,  cotton, 
Sec.  between  it  and  the  ship's  side  ;  by  repeating  the  latter  part 
of  this  operation  several  times,  the  leak  generally  sucks  in  a 
portion  of  the  loose  stuff,  and  thereby  becomes  partly  and 
sometimes  wholly  stopped.  Some  persons  prefer  thrumming 
the  sail,  instead  of  letting  down  the  loose  slull',  but  in  this 
mode  the  sail  is  soon  chafed  through  by  the  hole,  if  the  leak  is 
considerable,  without  affording  sufficient  substance  to  stop  it. 

FOUL,  a  sea  phrase,  that  is  used  in  distinction  to  clear,  and 
implies  entangled,  embarrassed.  Hence,  Foul  A iic/iiir,  when 
the  cable  is  twisted  round  the  stock  and  flukes.  Foul  Bottom. 
when  a  bay  is  covered  with  weeds,  grass,  shells,  filth,  and 
rocks.  Foul  Hau'se,  means  that  the  cables  are  turned  round 
each  other,  by  the  ship  having  swung  the  wrong  way  when 
moored.  Foul  Rope,  a  rope  entangled  and  unfit  for  immediate 
use.  Foul  Water,  is  water  troubled  and  rendered  turbid  by  the 
ship's  bottom  rubbing  on  the  ground.  Foul  Wind,  is  used  to 
express  that  the  wind  is  unfavourable,  or  contrary  to  the  ship's 
course,  as  opposed  to  large  or  fair. 

FOUNDATION,  in  Architecture,  is  that  part  of  a  building 
which  is  under  ground,  and  which  Palladio  makes  as  deep  as 
one-fourth  part  the  height  of  the  whole  building,  unless  there 
be  cellars,  when  it  may  be  somewhat  lower. 

Foundation,  in  ecclesiastical  or  political  matters,  is  a  dona- 
tion or  legacy  in  money  or  lands,  for  the  njaintenance  or  sup- 
port of  some  cliaritiihle  institution,  as  a  hospital,  a  school,  &e. 

FOUNDER,  To,  to  sink  or  go  down.  The  fatal  situation  of 
a  ship  n  liich  is  no  longer  able  to  keep  above  water,  through 
accident,  or  the  violence  and  continuation  of  a  storm  and  the 
excess  of  the  leaks,  that  fill  her  with  «ater. 

FiiiNDru,  an  artist  who  casts  metals  in  various  forms,  for 
difl'ercnt  uses  as  guns,  bells,  statues,  printing  characters,  &c. 


FOUNDRY,  the  place  or  art  of  casting  all  sorts  of  metals, 
as,  a  ben  foundry,  type  foundry,  &c.  In  casting  types  or  letters, 
the  two  things  principally  to  be  regarded,  are  the  matter  and 
the  matrices.  The  matter  is  a  compound  metal,  partly  copper, 
and  partly  lead,  mixed  in  a  certain  proportion,  which  every 
letter-founder  regulates  at  his  own  discretion,  to  this  he  adds 
a  quantity  of  other  metal,  to  render  the  composition  harder. 
The  matrices  of  the  letters  are  pieces  of  copper  about  IJ  inch 
long,  on  which  the  impression  of  the  intended  character  has 
been  cut,  or  struck  by  puncheons,  &c.  graven  in  relievo.  Each 
letter  has  its  proper  matrix:  there  are  particular  ones  for 
points,  figures,  rules,  Iiead-pieces,  and  other  ornaments  of 
printing;  the  quadrats,  being  only  of  lead,  and  not  intended 
to  leave  any  impression,  are  cast  in  moulds  without  matrices; 
each  matrice  has  its  puncheon  of  steel,  well-tempered.  The 
matrices  being  struck,  are  put  each  at  the  end  of  an  iron  mould 
enclosed  between  two  thin  pieces  of  boards,  three  inches  square; 
the  two  upper  angles  being  cut  ofl",  so  as  to  compose  an  irre- 
regular  hexagon.  Every  thing  belonging  to  the  mould  being 
disposed,  the  workmen  begin  to  prepare  the  matter.  The 
furnace,  whereon  the  bason  is  placed  for  the  metal  to  be  melted 
in,  is  made  of  the  same  materials  as  crucibles.  Over  the  furnace 
is  placed  the  melting  bason,  or  copper  ;  divided  into  two  equal 
parts,  by  a  perpendicular  partition,  to  melt  either  hard  or  soft 
metal.  In  this  bason  they  melt  only  the  matter  already  pre- 
pared ;  that  is,  the  mixture  or  composition  made  in  the  cruci- 
bles. A  small  iron  ladle  serves  to  skim  off  from  the  melted  metal 
the  impurities,  which  are  melted  over  again.  Two  workmen 
are  employed  at  each  furnace  ;  they  have  a  table  on  which  they 
lay  the  characters  as  soon  as  they  are  cast;  to  run  the  meta. 
into  the  mould,  the  founder  holds  in  his  ladle  just  enough  for 
one  letter.  Having  filled  this  ladle,  he  pours  the  metal  through 
a  funnel,  into  the  matrix  or  tharacter.  He  then  opens  the 
mould,  and  takes  out  the  character;  and  without  loss  of  time 
shuts  it  again,  replaces  the  matrix,  and  easts  a  new  letter. 
It  is  incredible  with  what  expedition  all  this  is  done.  The  letter 
being  cast,  the  workman  views  it  before  he  breaks  off  the  jet, 
to  see  whether  it  be  perfect,  otherwise  he  throws  it  among 
the  refuse  of  the  fount. 

When  the  letters  are  composed,  they  remain  to  be  justified, 
which  is  a  very  delicate  operation,  that  embraces  their  being 
polished  and  squared  by  boys,  and  finished  by  the  most  expert 
workmen  in  the  buisness.  But  it  would  exceed  our  limits 
to  enter  upon  all  the  stages  of  this  complicated  operation  here. 

The  excellence  of  types  consists  not  only  in  the  due  per- 
formance of  all  the  operations  connected  with  their  manufacture, 
but  also  in  the  hardness  of  the  metal,  the  form  and  fine  propor- 
tion of  the  character,  and  in  the  exact  bearing  and  ranging  of 
the  letters  in  relation  to  one  another.  The  smallest  types  are 
cast  from  an  alloy  of  25  parts  of  the  regulus  of  antimony,  and  75 
of  lead  ;  the  larger,  1.5  of  antimony,  and  8.')  of  lead. 

There  are  about  twenty  difi'erent  sizes  of  types  in  general 
use,  all  of  which  are  east  in  moulds  and  matrices,  besides 
several  larger  sorts,  which  are  cast  from  patterns  in  sand. 
The  following  table  gives  the  designation  of  the  twenty  sizes 
alluded  to,  and  the  spaces  they  occupy  in  printing.  They  are 
sold  to  the  printers  by  the  pound  ;  the  smallest  being  about  13 
shillings  and  the  largest  about  2s.  2d.  per  lb. 


Lines  to  each  Foot. 

Diamond  type  contains.  .  204 

Pearl ". 178 

Nonpareil, 1-13 

Minion 128 

Brevier, 1125 

Bourgeois, 102 

Long  Primer 89 

Small  Pica 8.3 

Pica 71< 

English 64 


Lines  to  each  Foot. 

Great  Primer  contains  . .  61 

Paragon, 44J 

Double  Pica, 41J 

2  line  Pica 35} 

2  line  English 82 

2  line  Great  Primer, 2oJ 

2  line  Double  Pica, 20} 

Canons 18 

4  line  Pica, 17} 

5  line  Pica, 14j 


By  the  common  nietliod  of  type  founding,  only  a  single  letter 
is  cast  at  a  time,  and  the  operation  has  been  nearly  the  same 
for  seventy  years.  A  scheme  was  however  set  on  foot  about 
seventeen  years  ago,  to  enable  the  founder  to  cast  a  grca! 
number  of  letters  at  one  time,  thirty,  or  more,  but  it  was  noi 
carried  into  practice  by  any  of  the  founders.  About  the  same 
time,  Monsieur  Didot,  assisted  by  Mr.  Donkin,  the  engineer, 


P  o  u 


DICTIONARY    OF    MECHANICAL    SCIENCE. 


F  O  U 


333 


constructed  a  machine  for  a  similar  purpose  ;  which  was  also 
intended  to  perform  all  the  operations  of  the  work,  by  the 
assistance  of  a  bov  only. 

The  invention  whicliwe  have  now  to  describe,  is  an  improve- 
ment by  Didot,  upon  bis  former  highly  ingenious  machine,  now 
rendered  capable  of  casting  200  types  at  once,  and  to  repeat 
the  operation  two  or  three  times  in  a  minute.  A  patent  for 
this  country  has  been  taken  out  by  Mr.  J.  L.  Pouch^e,  who 
established  a  type  foundry  in  Little  Queen-street,  Ilolborn, 
where  the  machinery  was  for  some  time  in  full  and  successful 
operation. 

The  number  of  drawings  which  accompany  the  specification  of 
this  patent  obliges  us  to  select  such  portions  only  as  may  best 
give  a  just  idea  of  its  construction,  and  we  have  for  the  same 
reason  thrown  the  side  views  into  perspective,  which  exhibits 
the  machine  entire,  as  at  lig.  1.  Fig  2  represents  one  side  of 
the  mould  separated  inlo  its  component  parts.  Fig.  3  is  a  sec- 
tion of  the  several  bars,  conipusing  both  sides  of  ihc  mould. 


^(jj^^ 
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Fig.  4,  exhibits  a  plan  of  Fig.  4. 

the  same,  lilted  into,  and 
encompassed  by  a  frame  of 
iron,  a  horizontal  and  per- 
spective view  of  which  "s 
given  at  fig.  1.  The  same 
letters  refer  to  the  same 
parts  in  each  of  the  figures. 

a  fig.  3,  is  a  steel  bar, 
with  horizontal  grooves,  in 
which  are  formed  the  bodies 
of  the  types;  6  4  is  the  bar 
which  holds  the  matrices 
c  e,  each  of  which  is  ar- 
ranged opposite  to  its  re- 
spective groove  in  the  bar 
n,  to  which  it  is  screwed 
fast ;  the  bar  d  is  then 
screwed  down  to  the  bar  i, 
which  holds  the  matrices  cc  firmly  in  their  places.  The  bar  e 
is  next  laid  upon  the  bar  a,  which  covers  the  grooves,  and 
forms  the  upper  sides  of  the  square  recesses,  shewn  also  at  e  e. 
fig-  4;— /is  the  break-bar,  and  is  placed  in  front  of  the  bar  «; 
a  series  of  small  nicks  or  openings  arc  made  in  this  bar,  through 
which  the  fluid  metal  passes  into  the  grooves  and  matrices 
35. 


where  the  body  and  letter  of  the  type  is  cast ;  the  grooves  are 
closed  by  the  space?  between  the  nicks  of  the  break-bar  coming 
against  them  and  forming  the  ftct  of  the  types.  The  harp  i> 
laid  upon  the  break-bar  as  a  co»cr  to  it,  and  the  «hole  six  bars 
thus  combined  form  one  side,  or  one  half  of  a  pair  of  nioidds, 
shcttn  in  section,  fig.  .3.  This  section  likcuise  exhibits  the  form 
of  the  apertures  through  which  the  fluid  metal  has  to  pass  into 
the  grooves  and  matrices ;  h  h  a  receptacle  between  ihe 
moulds  for  the  fluid  metal,  previous  to  its  being  forced  into 
the  moulds,  as  we  shall  presently  discribc. 

In  preparing  the  moulds  for  casting,  the  several  bars  com- 
posing them  are  connected  together  as  before  mentioned,  and, 
laid  upon  a  solid  metallic  bed  upon  the  table  k  k,  as  shewn  at 
fig.  4  ;  the  sides  of  the  iron  frame  /  /,  which  turn  upon  joints, 
are  then  brought  to  bear  sidew  ays  against  the  moul<ls  ;  the  top 
piece  TO,  which  also  turns  upon  a  joint,  is  brought  down  over 
the  mould  bars,  which  it  firmly  secures,  by  bringing  the  looped 
part  of  the  swinging  lever  n  shewn  at  fig.  1,  over  the  end  of  the 
top  piece  »k  ;  which  is  effected  by  the  aid  of  the  hand  lever  />, 
forcing  the  tongue  o  against  the  lower  end  of  the  swinging 
lever,  when  the  latch  z  falls  and  makes  all  fast.  Thus  pre- 
pared, a  sufiicient  quantity  of  the  fluid  metal  is  poured  out  of 
a  ladle  into  the  receptncle  between  the  moulds  ;  a  trigger  at  r 
is  then  pulled,  when  a  string  connected  to  it  draws  back  a  bolt 
or  catch,  ,$,  which  supports  the  long  lever  t,  and  allows  it  to  fail 
with  the  rammer  q  into  the  receptacle,  which  drives  with  con- 
siderable force  the  fluid  metal  from  thence  into  the  moulds  and 
matrices.  On  each  side  of  the  rammer  i/  are  fixed  a  guard 
or  iiousing,  to  prevent  the  liquid  metal  fiom  being  splashed 
over  the  operator.  In  order  to  withdraw  the  types  from  the 
moulds,  the  w 01  knian  places  his  foot  upon  the  step  «,  when  the 
compound  lever  v  acts  upon  the  pin  w,  under  the  leg  a-,  and 
forces  out  the  rammer  fioni  between  the  moulds,  which  is  then 
lifted  up  by  the  workmnn  until  it  has  passed  the  catch  s,  which 
supports  it  in  the  positions  shewn  in  the  figure.  The  mould  is 
then  opened,  by  throwing  up  the  hasp  z  ;  the  swinging  lever 
71  then  releases  the  end  of  the  lop  piece,  and  allows  the  frame 
to  be  opened,  and  the  moulds  to  be  removed  to  a  table,  where 
the  bars  which  compose  it  are  placed  under  ciamps,  and  sepa- 
rated by  means  of  wrenches  :  the  types  are  then  removed,  and 
undergo  the  operations  of  dressing,  &c.  as  mentioned  iu  the 
early  part  of  our  subject. — lieffisler  of  the  Ails. 

liell  F()t!NUKV.  The  metal  of  which  bells  are  made  is  com- 
posed of  three  parts  of  copper  and  one  of  tin.  The  modern 
proportions  for  bells  are  to  make  the  diameter  fifteen  times  the 
thickness  of  the  brim,  and  the  height  twelve  times.  The  parts 
of  a  bell  are  :  1.  The  sounding  bov*',  terminated  by  an  inferior 
circle,  which  grows  thinner  and  thinner.  '2.  The  brim,  or  that 
part  of  a  bell  whereon  the  clapper  strikes,  and  which  is  thicker 
than  the  rest.  3,  The  outward  sinking  of  the  middle  of  the 
bell,  or  the  point  under  which  it  grows  wider  to  the  brim.  4. 
the  waist,  or  furniture,  and  the  part  that  grows  wider  and 
thicker  quite  to  the  brim.  5.  The  upper  vase,  or  that  part 
which  is  above  the  waist.  6.  The  pallet,  which  supports  the 
stopper  of  the  clapper  within.  7,  The  bent  and  hollowed 
branches  of  metal  uniting  with  the  cannons,  to  receive  the  iron 
kevs,  whereby  the  bell  is  hung  up  to  the  beam,  which  is  its 
support  andeounterpoisc  whi'nrung  out.  In  bell  casting  there 
arc  three  processes:  1.  The  proportioning  of  the  bell,  2. 
Forming  the  mould.  3.  Melting  the  metal.  The  proportions  of  a 
bell  are  either  simple  or  relalivc,  the  former  gives  it  sonorosity, 
the  latter  establishes  a  requisite  harmony  between  several  bells. 
The  method  of  forming  the  profile  of  a  bell,  in  which  the  pro- 
portion of  the  several  parts  arc  seen,  is  this:  — The  brim,  CI, 
in  the  following  figure,  is  the  foundation  of  all  the  other  mea- 
sures, and  is  divided  into  three  equal  parts.  Draw  the  line 
H  D,  which  represents  the  diameter  of  the  bell.  Bisect  it  in  F, 
and  Jcrect  the  perpendicular  F/.  Bisect  1>  F  and  II  K  in  E 
and  G,  at  which  draw  perpendiculars  E ;  and  Go.  GEwill 
be  the  diameter  of  the  top  or  upper  vase,  i.e.  the  diameter  of 
the  top  will  be  half  that  of  the  bell  ;  and  it  will  therefore  be 
the  diameter  of  a  bell  that  will  sound  an  octave  to  the  other. 
Divide  the  diameter  of  the  bell,  or  the  line  H  I),  into  16  equal 
parts,  and  one  of  them  will  give  C  1  the  thickness  of  the  brim. 
Divide  again  each  of  these  16  equal  parts  into  three  other 
equal  parts,  and  then  form  your  scale.  From  this  scale  take 
4q 
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12  of  the  larger  divisions,  or  ^  of  the  whole  scale  in  yonr  com- 
passes, and  setting  one  leg  in  D,  describe  an  arc  to  cut  the 
line  Ee  in  N;  draw  N  D,  and  divide  this  line  into  twelve 
equal  parts  ;  at  the  point  I  erect  the  perpendicular  1  C  nz 
10,  and  C  1  will  be  the  thickness  of  the  brim  =  -^  of  the  diame- 
ter.    Draw   the  line   C  D,   bisect   D  N,   and  at  the  point  o^ 


bisection  erect  the  perpendicular  6K  ^  IJ  of  the  larger  divi- 
sions on  the  scale.  With  an  extent  of  compasses  r:  30  brims, 
(or  twice  the  length  of  the  scale,)  setting  one  foot  in  N, 
describe  an  arc  of  a  circle,  and  with  tlie  same  leg  in  K,  and 
the  same  opening,  describe  another  arc  to  inlersect  the  former. 
On  this  point  of  intersection  as  a  centre,  and  with  a  radius  =z 
.•JO  brims,  describe  the  arc  N  K  ;  in  6  K  produced,  take  K  13  :::  ^ 
of  the  larger  measure  of  the  scale,  or  J  of  the  brim,  and  on  the 
same  centre  with  the  radius  of  30^  brims,  describe  an  arc  A  li 
parallel  to  N  K.  For  the  arc  B  C  take  12  divisions  of  the  scale, 
or  12  brims  in  the  compass;  find  a  centre,  and  from  that 
centre,  with  this  opening,  describe  the  arc  BC  in  the  same 
manner  as  you  did  ABor  N  K.  There  are  various  ways  of 
describing  the  arc  Kp  ;  some  bell  founders  describe  it  on  a 
centre  at  the  distance  of  9  brims  from  the  points  p  and  K  ; 
others,  as  we  have  done  in  the  figure,  on  a  centre  at  the  distance 
only  of  7  brims  from  those  points.  But  it  is  neoessary  first  to 
find  the  point  p,  and  to  determine  the  rounding  of  the  bell  p  1. 
For  this  purpose,  on  the  point  C  as  a  centre,  and  with  the 
radius  C  1,  describe  the  arc  \pn.  Bisect  the  part  1,2  of  the 
line  D«,  and  erecting  the  perpendicular  pni,  this  perpendicu- 
lar will  cut  the  arc  \pn  in  m,  which  terminates  the  rounding 
\p.  Some  founders  make  the  bendinss  K  a  third  of  a  brim 
lower  than  the  middle  of  the  line  D  N  ;  others  make  the  part 
C  I  D  more  acute,  and  instead  of  making  C  1  perpendicular  to 
D  N  at  1,  draw  it  ith  of  a  brim  higher,  making  it  still  m;  1  brim; 
so  that  the  line  1  D  is  longer  than  the  brim  C  1.  In  order  to 
trace  out  the  top  part  N  a,  take  in  the  compasses  eight  divisions 
of  the  scale,  or  8  brims,  and  on  the  points  N  and  1)  as  centers, 
describe  arcs  to  intersect  each  other  in  8;  on  this  points,  with 
a  radius  of  8  brims,  descrilie  the  arc  N  b.  This  will  be  the  exte- 
rior curve  of  the  top  or  crown.  On  the  same  point  8  as  a  centre, 
and  with  a  radius  =:  71  brims,  describe  the  arc  A  e,  and  this 
will  be  the  interior  curve  of  the  crown,  and  its  whole  thickness 
will  be  i  of  the  brim.  As  the  point  8  does  not  fall  in  the  axis 
of  the  bell,  a  centre  M  may  be  found  in  the  axis,  by  describing 
with  the  interval  of  8  brims  on  the  centres  D  and  H,  arcs  which 
will  intersect  in  M  ;  and  this  point  may  be  made  the  centre  of 
the  inner  and  outer  curves  of  the  crown,  as  before.  The  thick- 
ness of  the  cap  which  strengthens  the  crown  at  Q,is  about  |  of 
the  thickness  of  the  brim,  and  the  hollow  branches  or  ears, 
about  Jth  the  diameter  oi  the  bell.  The  height  of  the  bell  in 
proportion  to  its  diameter,  is  as  12  to  15,  or  in  the  proportion 
of  the  fundamental  sound  to  its  third  major,  whence  it  follows, 
that  the  sound  of  a  bell  is  principally  composed  of  the  round  of 
its  extremity,  or  brim,  as  a  fundamental  of  the  sound  of  the 
crown,  which  is  an  octave  to  it,  and  of  that  of  the  height,  which 
is  a  third. 

The  particulars  of  moulding  and  casting  are  to  be  best 
learned  in  the  workshop  ;  as  the  former  is  either  simple  or 
complicated,  according  to  the  inscriptions,  coats  of  arms,  &c. 
designed  to  be  put  on  the  bell. 

FOUNT,  cr  Font,  among  Printers,  &c.  a  set  of  types,  sorted 
for  use,  that  includes  running  letters,  large  and  small  capitals, 
single  letters,  double  letters,  points,  commas,  lines,  numer.ils, 
&c.  as  a  fount  of  English,  of  Pica,  Bourgeois,  See.  A  fount  of 
100,00')  characters,  which  is  a  common  fount,  would  consist  of 
6<X)0  U  pes  of  a,  3000  of  c,  1 1 ,000  of  e,  6000  of  i.  3000  of  m,  and 
about  30  or  40  of  A,  x,  y,  and  z.     But  this  is  only  to  be  under- 


stood of  the  lower-case  types  ;  those  of  the  upper  case  having; 
other  proportions,  which  we  need  not  here  enumerate.  Also 
a  fount  of  10  sheets  would  print  80  pages  of  this  Dictionary 
without  distributing  a  single  letter,  and  it  would  weigh  120  lbs. 
per  sheet,  or  1200  lbs.  in  all,  which  at  2*.  6(/.  per  lb.  would 
amount  to  £150.  0*.  0(/.  Now,  if  there  were  two  dozen  founts 
in  an  office,  the  reader  may  form  some  idea  of  the  capital 
necessary  to  carry  on  a  large  business  in  printing,  including 
presses,  and  all  the  numerous  expenses  contingent  on  this 
most  popular  and  most  useful  profession. 

FOUNTAIN,  or  Artificial  Fountain,  in  Hydraulics,  a 
machine  or  contrivance  by  which  water  is  violently  spouted  or 
darted  up ;  called  also  a  Jet  (VEau.  There  are  various  kinds  of 
artificial  fountains,  but  all  formed  by  a  pressure  of  one  sort  or 
another  upon  the  water;  viz.  either  the  pressure  or  weight  of 
a  head  of  water,  or  the  pressure  arising  from  the  spring  and 
elasticity  of  the  air,  &.c.  When  these  are  formed  by  the  pres- 
sure of  ahead  of  water,  or  any  other  fluid  of  the  same  kind 
with  the  fountain,  or  jet.  then  will  this  spout  up  nearly  to  the 
same  height  as  that  head,  abating  only  a  little  for  the  resist- 
ance of  the  air,  with  that  of  the  adjutage,  &c.  in  the  fluid  rush- 
ing through;  but,  when  the  fountain  is  produced  by  any  other 
force  than  the  pressure  of  a  column  of  the  same  fluid  with 
itself,  it  will  rise  to  such  a  height  as  is  nearly  equal  to  the  alti- 
tude of  a  column  of  the  same  fluid,  whose  pressure  is  equal  to 
the  given  force  that  produces  the  fountain. 

Circulating  Fountain,  or  Fountain  of  Hero  of  Alexandria,  so 
called  because  it  was  contrived  by  him,  is  represented  thus  : — 
The  air  being  only  compressed  by  the  concealed  fall  of  water, 
makes  a  jet,  which,  after  some  continuance,  is  considered,  by 
those  who  are  unacquainted  with  the  principle,  as  a  perpetual 
motion,  because  they  imagine  that  the  same  water  which  fell 
from  the  jet  rises  again.  The  boxes  C  E  and 
DYX,  being  close,  we  see  only  the  bason 
A  B  W,  with  a  hole  at  W,  into  which  the 
water  spouting  at  B  falls;  but  that  water 
does  not  come  up  again;  for  it  runs  down 
through  the  pipe  WX  into  the  box  DYX, 
from  which  it  drives  out  the  air,  through  the 
ascending  pipe  Y  Z,  into  the  cavity  of  the  box 
C  E,  where,  pressing  upon  the  water  that  is  in 
it,  it  forces  it  out  through  the  spouting  pipe 
O  B,  as  long  as  there  is  any  water  in  C  E ;  so 
that  this  will  plav  no  longer  than  whilst  the 
water  contained  in  C  E,  having  spouted  out, 
fails  down  through  the  pipe  W  X  into  the 
cavity  DYX.  The  force  of  the  jet  is  propor- 
tional to  the  height  of  the  pipe  WX,  or  of  the 
boxes  CE  and  DY  above  one  another:  the 
height  of  the  water,  measured  from  the  bason 
A  B  W  to  the  surface  of  the  water  in  the  lower 
box  DYX,  is  always  equal  to  the  height 
measured  from  the  top  of  the  jet  to  the  surface 
of  the  water  in  the  middle  cavity  at  C  E.  See 
the  article  Jet  d'Eau,  in  which  this  subject  is 
fully  handled. 

FOURTEENTH,  in  Music,  the  octave,  or  replicate,  of  the 
seventh.    A  distance  comprehending  thirteen  diatonic  intervals. 
FOURTH,  in  Music,  a  distance  comprising  three  diatonic 
intervals,  or  two  tones  and  a  half. 

FOWLING,  the  art  of  taking  or  killing  birds.  It  is  either 
practised  as  an  amusement  by  persons  of  rank  and  property, 
and  then  principally  consists  in  killing  them  with  a  fowling 
piece,  and  the  diversion  is  secured  to  them  by  the  game  laws  ; 
or  it  is  practised  for  a  livelihood,  by  persons  who  use  nets  and 
other  apparatus.  Fowling  was  formerly  used  for  the  pursuing 
and  taking  birds  with  hawks,  more  properly  called  Falconry. 

Fowling  Piece,  a  light  gnn  for  shooting  birds.  That  piece 
is  always  reckoned  best  which  has  the  longest  barrel,  from  3J 
to  G  feet,  with  a  moderate  bore;  though  every  fowler  should 
have  them  of  different  size.>i,  suitable  to  tire  game  he  designs  to 
kill.  The  barrel  should  be  well  polished  and  smooth  within, 
and  the  bore  of  an  equal  bigness  from  one  end  to  the  other, 
which  may  be  proved  by  putting  in  a  piece  of  pasteboard,  cut 
of  the  exact  roundness  of  the  top  ;  for  if  this  goes  down  with- 
out stops  or  slipping,  you  may  conclude  the  bore  good. 
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FRACTION  is  a  part  or  parts  of  the  unit,  and  written  with 
two  figures,  with  a  line  between  them,  as  i,  |,  |,  &c.  The 
figure  above  the  line  is  called  the  numerator,  and  the  under  one 
the  denominatar ;  which  shews  how  many  parts  the  unit  is 
divided  into;  and  the  numerator  shews  how  many  of  those 
parts  are  meant  by  the  fraction.  There  are  four  sorts  of 
Vulgar  Fractions ;  proper,  improper,  simple,  compound  and 
mixed,  viz. 

A  Proper  Fraction,  is  when  the  numerator  is  less  than  the 
denominator,  as  j,  |,  J,  fi,  ^,  &c. 

An  Improper  Fraction,  is  when  the  numerator  is  equal  to, 
or  greater  than  the  denominator,  as  §,  J,  ^,  'f ,  &c. 

A  Simple  Fraction,  is  that  which  consists  of  a  single  nume- 
rator, and  single  denominator;  and  is  either  proper,  or  impro- 
per, as  ^,  y,  if,  &c. 

A  Compound  Fraction,  is  a  fraction  consisting  of  two  or 
more  other  fractions  connected  by  the  word  of;  thus  j  of  J,  or 
J  of  T^  of  |,  &c.  are  compound  fractions. 

A  Complex  Fraction,  is  that  whose  numerator  and  denomi- 
nator are  both  fractions ; 

i 

thus  —  is  a  complex  fraction.     These  two  distinctions,  though 

frequently  made  by  authors  on  arithmetic,  are  certainly  im- 
proper, the  former  indicating  an  operation  in  multiplication, 
and  the  latter  an  operation  in  division ;  it  is,  therefore,  im- 
proper to  apply  to  them  the  denomination  of  fractions.  An 
integer  and  fraction  together  is  called  a  mixed  number,  that  is, 
7|,  9^,  &c.  are  mixed  numbers. 

i?«f/Mf<itfn  0/ Fractions. — 1.  To  reduce  fractions  to  a  com- 
mon denominator. — Rule  1.  Multiply  each  numerator  into  all 
the  denominators,  except  its  own,  for  a  new  numerator;  and 
all  the  denominators,  for  a  common  denominator.  Or,  2.  Mul- 
tiply the  common  denominator  by  the  several  given  numera- 
tors separately,  and  divide  the  product  by  their  several  deno- 
minators ;  the  quotients  will  be  the  new  numerators. 

Example.  Reduce  J  and  4  to  a  common  denominator. 

Ans.  l{,  and  Jf. 

I'm.  2d  num. 

2  X   <  =  14,     4  X  4  =  16,  then  4  x  7  =  28  den.  =  y,  and  jf. 

2.  To  reduce  a  vulgar  fraction  to  its  lowest  terms. — Rule. 
Find  a  common  measure  by  dividing  the  lower  term  by  the 
upper,  and  that  divisor  by  the  remainder  following,  till  nothing 
remains  ;  the  last  divisor  is  the  common  measure  ;  then  divide 
both  parts  of  the  fraction  by  the  common  measure,  and  the 
quotient  will  give  the  fraction  required.  If  the  common  mea- 
sure happens  to  be  1,  the  fraction  is  already  in  its  lowest  term ; 
and  when  a  fraction  hath  ciphers  at  the  right-hand,  it  may  be 
abbreviated  by  cutting  them  off;  as,  .f}^\^. 

Example.  Reduce  §}  to  its  lowest  terms. 
24)32(1 
24 
com.  measure         8 )  24  ( 3 
24 

3.  To  reduce  a  mixed  number  to  an  improper  fraction. — Rule. 
Multiply  the  whole  number  by  the  denominator  of  the  fraction, 
and  to  the  product  add  the  numerator  for  a  new  numerator, 
which  place  over  the  denominator.  To  express  a  whole  num- 
ber fraction-ways,  set  one  for  the  denominator  given. 

Example.  Reduce  18^  to  an  improper  fraction.  Am.  'if. 

18  x  7~+  3  =:  129,  new  numerator. 

4.  To  reduce  an  improper  fraction  to  its  proper  terms. — 
Rule.  Divide  the  upper  term  by  the  lower. 

Example.  Reduce  '^'  to  its  proper  terms.  Ans   ISJ 

129-;-  7  =  I8|. 

5.  To  reduce  a  compound  fraction  to  a  single  one. — Rule. 
Multiply  all  the  numerators  for  a  new  numerator,  and  all  the 
denominators  for  a  new  denominator.  R(  duce  the  new  frac- 
tion to  its  lowest  terms  by  Rule  2. 

Example.  Reduce  |  of  J  of  J  to  a  sin-gLe  fraction. 
2  y    3  y    *)  —  30 
3x5x8=  120  '■'"'"'"''^  *"  "is  lowest  term  =  }.  Arts. 

6.  To  reduce  fractions  of  one  denomination  to  the  fraction  of 
another,  bul  greater,  retaining  the  same  value.— 7iu/e.  Reduce 
the  given  fraction  to  a  compound  one,  by  comparing  it  with  all 


then  8)§J(=  }  Ans. 


the  denominations  between  it  and  that  denomination  which  you 
would  reduce  it  to;  then  reduce  that  compound  fraction  to  a 
single  one. 

Example.  Reduce  f  of  a  penny  to  the  fraction  of  a  pound. 

Ans.  i  of  t(,  of  .(,  =  ^rjTn. 

7.  To  reduce  fractions  of  one  denomination  to  the  fraction  ut 
another,  but  less,  retaining  the  same  value. — Rule.  Multiply  tliu 
numerator  by  the  parts  contained  in  the  several  denominations 
between  it  and  that  you  would  reduce  it  to,  for  a  new  numera- 
tor, and  place  it  over  the  given  denominator.  Reduce  the  new- 
fraction  to  its  lowest  terms. 

Example.  Reduce  ^  of  a  pound  to  the  fraction  of  a  penny. 
7  X  20  X    12  z=  1680,  j|?i%  reduced  to  its  lowest  term  =  J.  Ans. 

8.  To  reduce  fractions  of  one  denomination  to  another  of  the 
same  value,  having  the  numerator  given  of  the  required  frac- 
tion.—  Rule.  As  the  numerator  of  the  given  fraction  is  to  its 
denominator,  so  is  the  numerator  of  the  intended  fraction  to  its 
denominator. 

Example.  Reduce  f  to  a  fraction  of  the  same  value,  whose 
numerator  shall  be  12.     As  2  :  3  :  :  12  :  18.  Ans.  ^. 

9.  To  reduce  fractions  of  one  denomination  to  another  of  the 
same  value,  having  the  denominator  given  of  the  fraction  re- 
quired.— Rule.  As  the  denominator  of  the  given  fraction  is  to 
its  numerator,  so  is  the  denominator  of  the  intended  fraction  to 
its  numerator. 

Example.  Reduce  §  to  a  fraction  of  the  same  value,  whose 
denominator  shall  be  18.     As  3  :  2  :  :   18  :  12.  Ans.  tj. 

10.  To  reduce  a  mixed  fraction  to  a  single  one. — Rule.  When 
the  numerator  is  the  integral  part,  multiply  it  by  the  denomi- 
nator of  the  fractional  part,  adding  in  the  numerator  of  the 
fractional  part  for  a  new  numerator;  then  multiply  the  deno- 
minator of  the  fraction  by  the  denominator  of  the  fractional 
part  for  a  new  denominator. 

Example.  Reduce  — -  to  a  simple  fraction.         Ant.  jij  =;  ^. 
48 

36  X  3  -f-  2  =  110  numerator. 

48  X  3  =  144  denominator. 

When  the  denominator  is  the  integral  part,  multiply  it  by 
the  denominator  of  the  fractional  part,  adding  in  the  numerator 
of  tlie  fractional  part  for  a  new  denominator  ;  then  multiply  the 
numerator  of  the  fraction  by  the  denominator  of  the  fractional 
part  for  a  new  numerator. 

Example.  Reduce  ^'    to  a  simple  fraction.         Ans.  §5  =  i. 

11.  To  find  the  proper  quantity  of  a  fraction  in  the  known 
parts  of  an  integer. — Rule.  Multiply  the  numerator  l>v  the 
common  parts  of  the  integer,  and  divide  by  the  denominator. 

Example.  Reduce  f  of  a  pound  sterling  to  its  proper  quan- 
tity. Here     3  x  20  z:  60,  and  -^  4  =:  15*.  Ans. 

12.  To  reduce  any  given  quantity  to  the  fraction  of  any 
greater  denomination,  retaining  the  same  va\ue.  — Rule.  Re- 
duce the  given  quantity  to  the  lowest  tenn  mentioned  for  a 
numerator,  under  which  set  the  integral  part  (reduced  to  the 
same  term)  for  a  denominator,  and  it  will  give  tlie  fraction 
required. 

Example.  Reduce  15*.  to  the  fraction  of  a  pound  sterling. — 
Here  15j.  are  15  parts  of  20*.  or  ^  which  reduced  to  the  lowest, 
gives  5£.  Ans. 

Addition  of  Fractions. — Rule.  Reduce  the  given  fractions  to 
a  common  denominator,  then  add  all  the  numerators  together, 
under  which  place  the  common  denominator. 

Example.  Add  J  and  I  together.  ^4  -f  Jj=  5^=  l,?,.  Ans. 

When  the  fractions  are  of  several  denominations,  reduce 
them  to  their  proper  quantities,  and  add  as  before. 

Example.  Add  J  of  a  pound  to  J  of  a  sliilling. 
Here  i£.  =z  J  of  f  =  V  =  15*.    Orf.  )  .       r.„  , .     ,„  , 

and     J*/,.=  JofV  =  ?=    Os.XOd.S  Ans.£0.\6s.  \0d. 

Subtraction  of  FR\CTio}is. — Rule  \.  Reduce  the  given  frac- 
tions to  a  common  denominator,  then  subtract  the  less  nume- 
rator from  the  greater,  and  place  the  remainder  over  the  com- 
inon  denominator.  2.  When  the  lower  fraction  is  greater  than 
the  upper,  subtract  the  numerator  of  the  lower  fraction  from 
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the  denominator,  and  to  that  difference  add  the  upper  nume- 
rator, carrying  one  to  the  unit's  place  of  tl)e  lower  whole 
luimbcr. 

Example  1.  From  J  take  f. 

.'5  X  7  =  21,  5  X  4  =  20,  2X  —  20  =  1  numerator. 
4  X  7  =z  28  denominator  :z  ,'j  A/is. 

•2.  From  5|  take  -fSj.  '  Ans.  4|g. 

:?.  From  |4  take  |.  Ans.  ^. 

4.  From  1,%  take  j  of  f .  Ans.  i%. 

When   the  fractions  are  of  several  denominations,  reduce 
them  to  their  proper  quainities,  and  subtract  as  before. 


Ex.  From  J  of  a  pound  take  J  of  a  shilling. 
20*.  3  X   20       60 

Here  i£.  of  ^—  =— ^  =  T  "  '^'''  °''' 


Ans.  \is.  3d. 


And 


12 
T 


of  -r    = 


3  xl2 


.36 
=  -r  =     0    9 


I  A 


nsuer. 
£0.  14*.  3d. 


MuItipJicntion  of  FRACTIONS.— TJw/f.  Prepare  the  ft'ven 
numbers,  (if  they  require  it,)  by  ihe  rules  of  Reduction  ;  then 
multiply  the  numerators  lop;ether  for  a  new  numerator,  and  the 
denominators  for  a  new  denominator.  When  any  number, 
either  whole  or  mixed,  is  multiplied  by  a  fraction,  the  product 
will  be  always  less  tlian  the  multiplicand,  in  the  same  propor- 
tion as  the  multiplying;  fraction  is  less  than  the  unit. 

Example.  Multiply  J  by  J. 

Ans.  3  X  3  n:  9  num.  4  x  5  ::z  20  den.  ■=.  ^. 

Division  of  Fractious. — Rule.  Prepare  the  given  numbers, 
(if  they  require  it,)  by  the  rules  of  Reduction;  then  multiply 
the  denominator  of  the  divisor  into  the  numerator  of  the  divi- 
dend for  a  new  numerator,  and  the  numerator  of  the  divisor 
into  the  denominator  of  the  dividend  for  a  new  denominator. 
When  any  whole  number  is  divided  by  a  fraction  less  than 
unity,  the  quotient  will  be  grealer  than  the  dividend:  but  if 
any  fraction  be  divided  by  a  whole  number  greater  than  unity, 
the  quotient  will  be  less  than  the  dividend. 

Ex.  Divide  f^  by  ^.  5  x  9  =  4.0  num.  3  x  20  =:  60  den.  J|  =  f . 

The  liule  of  Three  in  Fractions. — Rule.  When  the  three 
terms  are  properly  reduced,  proceed  as  in  the  Rule  of  Three 
in  whole  numbers. 

Example  1.  If  J  of  a  yard  cost  J  of  a  £. — what  will  j;,  of  a  yard 
come  to  at  that  rate!  Ans.  ^  ■=.  \os. 

J  yd.  :;£.::  -ft  yd.  : :  ij  £. 
for  4  X  5  X     9  =  180  num.       ,         ,  _  „     a  ,  «  /  ,5 
and  3  x   8  x   10  =:  240  den.   ""^  »  ^  fa  —  »»    *  ;  fe  Uo- 

Example.  2.  If  48  men  can  build  a  wall  in  24^  days — how 
many  men  can  do  the  same  in  192  days?    Thus 


192 


97 
4 


48 

T 


1 


X   97  X    48 


192  X    4    X     I 


97 

4x4 


97 

77.  =r  6A  men. 

-This  is  stated  in 


The  Double  Rule  0/ Three  in  Fractions.- 
the  same  manner  as  in  common  arithmetic. 

Example.   If  a  carrier  receive  2^£.  for  the  carriage  of  3  cwt. 
150  miles— how  much  ought  he  to  receive  for  the  carriage  of  7 
cwt.  3.i  qrs,  for  a  journey  of  50  miles  ; 
qrs.       miles.        £. 

1      X    21    X    50 


Thus 


150 


and  Y 


21 

•    To 

1050 
.1500  "■ 


50 
■      1 
63 
2"  ■ 


■    150   X    10   X     I 
1    X    1050  X   62  _ 
12  X    1500  x'~2'  ~ 


44_1  _  £ 
240  ~  1 
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FRACTURE,  in  Surgery,  the  rupture  of  a  bone,  or  a  solu- 
tion of  continuity  in  a  bone,  when  it  is  crushed  or  broken  by 
some  external  cause. 

FR.'ENUM,  in  Anatomy,  a  term  applied  to  some  membra- 
nous ligaments  of  the  body. 

Fr.bnum  Lini/utr,  the  ligament  under  the  tongue,  which  some- 
times ties  it  down  too  close  to  the  bottom  of  the  mouth,  and 
then  requires  to  be  divided,  to  give  this  organ  its  proper  moiion. 

FRAGARIA,  the  Strawberry,  a  genus  of  tlie  polygynia 
order,  in  the  icosandiia  class  "of  plants,  and  in  the  natural 
method  ranking  under  the  35th   order,  senticosse,  which  all 


thrive  in  any  common  garden  soil,  producing  abundant  crops 
annually  without  much  trouble. 

FRAME.     See  SriNMNG. 

FRANCHISE,  in  Law,  synonymous  to  liberty — "  a  roya' 
privilege,  or  branch  of  tlie  king's  prerogative,  subsisting  in  the 
hands  of  a  subject,"  say  the  expounders  of  the  law.  Fran- 
chises may  be  vested  in  either  natural  persons  or  bodies  politic  ; 
in  one  man,  or  in  many  ;  as  of  a  county  palatinate,  a  corpora- 
tion, &c.,  of  which  each  individual  has  by  right  or  prescription 
the  freedom.  Other  franchises  are  to  hold  a  court  leet,  to  have 
a  manor  or  lordship,  a  bailiwick,  fair,  market,  toll,  &c. 

FRANK  Fee,  in  Law,  signifies  the  same  thing  as  holding 
lands  and  tenements  in  fee-simple. 

Frank  Pledge,  in  our  Law,  signifies  a  pledge  or  surety  for 
the  behaviour  of  freemen. 

Frank,  or  Franc,  an  ancient  coin  of  gold  or  silver,  current  in 
France.  The  value  of  the  gold  frank  was  somewhat  more  than 
that  of  the  gold  crown;  the  silver  frank  was  a  third  of  the 
gold  one.  Silver  franks  are  now  the  current  coin  in  France, 
and  all  accounts  are  kept  in  francs  and  centimes,  according  to 
the  decimal  system.  There  are  20  sols  to  a  franc,  and  some- 
times sols  still  appear  in  small  accounts.  It  is  usually  said 
that  24  franks,  or  480  sols,  are  equivalent  to  a  pound  sterling, 
but  the  real  par  is  about  23  francs  to  a  pound  sterling. 

Franks,  or  Fmnliing  Letters,  by  which  they  are  forwarded 
free  of  postage,  is  a  privilege  that  has  been  enjoyed  by  mem- 
bers of  parliament  from  the  first  institution  of  the  post-oDice. 
A  member  of  parliam.cnt  can  frank  only  ten  letters  a  day, 
and  receive  fifteen,  free  of  postage;  each  of  which  must  weigh 
less  than  one  ounce.     It  is  felony  to  forge  a  frank. 

FRANKINCENSE,  is  the  product  of  the  juniperus  lycia. 

FRANKLIN,  Benjamin,  a  celebrated  American  philosopher 
and  politician,  was  born  at  Boston,  in  New  England,  in  the 
year  170G.  He  was  author  of  several  tracts  on  electricity  and 
other  branches  of  natural  philosophy,  and  was  the  first  who 
drew  electricity  from  a  thunder  cloud.  But  his  knowledge, 
however  eminent  as  a  philosopher,  is  eclipsed  by  his  fame  as  a 
politician,  in  which  latter  character  he  forms  an  excellent  sub- 
ject for  the  general  biographer  and  historian.  Dr.  Franklin 
died  April  17,  1790,  being  then  in  the  84th  year  of  his  age. 

FRAPPING,  the  act  of  crossing  and  drawinf  together  the 
several  parts  of  a  tackle,  or  other  complication  oi  ropes,  which 
had  already  been  strained  to  their  utmost  extent;  in  this 
sense,  it  exactly  resembles  the  operation  of  bracing  up  a  drum. 
The  frapping  increases  tension,  and  consequently  adds  to  the 
security  acquired  by  the  purchase;  hence  the  catharpings  are 
no  other  than  the  frappings  to  the  shrouds. 

Fkapping  of  a  Ship,  the  act  of  passing  four  or  five  turns  of  a 
cable-laid  rope,  round  the  hull  or  frame  of  a  ship  in  the  mid- 
dle, when  it  is  apprehended  that  she  is  not  strong  enough  to 
resist  the  violent  cHorts  of  the  sea.  This  expedient  is  only 
made  use  of  for  very  old  ships,  which  their  owners  are  willing 
to  venture  to  sea  as  long  as  possible  by  insuring  them  deeply. 

FRAUD.  All  deceitful  practices  in  defrauding,  or  endea- 
vouring to  defraud,  another  of  his  own  right,  by  means  of  some 
artful  device,  contrary  to  the  plain  rules  of  common  honesty, 
are  condemned  by  the  common  law,  and  punishable  according 
to  the  heinousness  of  the  offence.  The  distinction  laid  down, 
as  proper  to  be  attended  to  in  all  cases  of  this  kind  is  this,  that 
in  such  impositions  or  deceits,  where  common  prudence  might 
guard  persons  from  the  ofiencc,  it  is  not  indictable,  but  the 
party  is  left  to  his  civil  remedy;  but  where  false  weights  or 
measures  are  used,  or  false  tokens  produced,  or  such  measures 
taken  to  defraud  or  deceive,  as  people  cannot  by  any  ordinary 
care  or  prudence  be  guarded  against,  there  it  is  an  offence 
indictable.  Persons  convicted  of  obtaining  money  or  goods 
by  false  pretences,  or  sending  threatening  letters  to  extort 
money  or  goods,  may  be  punished  by  fine  and  imprisonment,  or 
by  pillory,  whipping,  or  transportation,  30  G.  II.  c.  24. 

FRAXINUS,  the  Asli.  a  genus  of  the  ditrcia  order,  in  the 
polvgamia  class  of  plants,  and  in  the  natural  method  ranking 
under  the  44th  order  sepiari,-e.  There  are  four  species,  of 
which  the  most  useful  is  the  common  ash.  This  tree  nourishes 
best  in  groves,  but  grows  very  well  in  rich  soil,  in  open  fields. 
It  hears  transplanting  and  hopping.  In  Lancashire,  they  lop 
the  tops  of  these  trees  to  feed  the  cattle  in  autumn.     The  wood 
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is  hard  and  tough,  and  is  much  used  to  make  the  tools  em- 
ployed in  hushandry.  The  ashes  of  the  wood  afford  good 
potash.     The  bark  is  used  in  tanniu^  calf  skin. 

FREE  Bench,  signifies  that  estate  in  copyhold  which  the 
wife,  being  espoused  a  virgin,  has  after  the  decease  of  her  hus- 
band for  her  dower,  according  to  the  custom  of  the  manor. 

FREEDOM  OF  Corporation,  the  right  of  enjoying  all  the 
privileges  and  immunities  that  belong  to  it.  The  freedom  of 
cities  and  corporations  is  regularly  obtained  by  serving  an 
apprenticeship ;  but  it  is  also  purchased  with  money,  and 
sometimes  conferred  by  way  of  compliment. 

FREEHOLD,  Frauk  Tenement,  is  land  or  tenement  which  a 
man  holds  in  fee-simple,  fee-tail,  or  for  term  or  life  ;  and  is  of 
two  kinds,  in  deed  and  in  law,  the  first  being  real  possession  of 
land  or  tenement,  in  fee,  fee-tail,  or  for  life  ;  the  other,  is  the 
right  a  man  has  to  such  land  or  tenement  before  his  entry  or 
seizure. 

FREEING,  the  act  of  pumping,  or  otherwise  throwing  out 
the  water  which  has  leaked  into  a  ship's  bottom  at  sea,  S;c. 

FREESTONE,  a  whitish  stone  dug  up  in  many  parts  of 
England,  that  works  like  alabaster,  but  is  more  hard  and 
durable,  being  of  excellent  use  in  building,  &c. 

FREEZE,  or  Frieze,  in  Commerce,  a  coarse  kind  of  woollen 
stuff  or  cloth,  so  called,  as  being  freczed  or  naped  on  one  side. 

FREEZING,  Congelation,  in  Philosophy,  the  transforma- 
tion of  a  fluid  body  into  a  firm  or  solid  mass,  by  the  action  of 
cold  ;  in  which  latter  sense  the  term  is  applied  to  water  when 
it  freezes  into  ice  ;  to  metals  when  they  resume  their  solid  form 
after  being  melted  by  heat ;  or  to  glass,  wax,  pitch,  tallow.  See. 
■vhen  they  harden  again  after  having  been  rendered  fiuid  by 
leat.     See  Congelation  and  Evaporation. 

The  process  of  congelation  is  always  attended  with  the 
mission  of  heat,  as  is  f^ound  by  experiments  on  the  freezing  of 
vater,  wax,  spermaceti,  &,c.  ;  for  in  such  cases  it  is  always 
bund  that  a  ihermonicter  dipped  into  the  fluid  keeps  con- 
linnally  descending  as  this  cools,  till  it  arrives  at  a  certain  point, 
being  the  point  of  freezing,  which  is  peculiar  to  each  fluid, 
tvherc  it  is  rather  stationary,  and  then  rises  for  a  little,  while 
the  congelation  goes  on,  at  the  same  time  the  bulk  of  the  body 
s  expanded. 

The  prodigious  power  of  expansion  evinced  by  water  in  the 
let  of  freezing  is  nearly  double  that  of  the  most  powerful 
steam-engines,  and  exerted  in  so  small  a  mass,  seemingly  by 
the  force  of  cold,  was  thought  a  very  material  argument  in 
favour  of  those  who  supposed  that  cold,  like  heat,  is  a  positive 
substance.  Dr.  Black's  discovery  of  latent  heat,  however,  has 
afforded  an  easy  and  natural  explication  of  this  phenomenon. 
He  has  shewn  that,  in  the  act  of  congelation,  water  is  not  cooled 
more  than  it  was  before,  but  rather  grows  warmer:  that  as 
much  heat  is  discharged,  and  passes  from  a  latent  to  a  sensible 
state,  as,  had  it  been  applied  to  water  in  a  fluid  state,  would 
have  heated  it  to  ISfj".  In  this  process  the  expansion  is  occa- 
sioned by  a  great  number  of  minute  bubbles  suddenly  produced. 
Formerly  these  were  supposed  to  be  cold  in  the  abstract  ;  and 
to  be  so  subtile,  that  insinuating  themselves  into  the  substance 
of  the  fluid,  they  augmented  its  bulk,  at  the  same  time  that  by 
impeding  the  motion  of  its  particles  upon  each  other,  they 
changed  it  from  a  fluid  to  a  solid.  But  these  arc  only  air 
extricated  during  the  congelation  ;  and  to  the  extrication  of 
this  air  we  ascribe  the  prodigious  expansive  force  exerted  by 
freezing  water.  By  what  means  docs  this  air  come  to  be 
extricated,  and  to  take  up  more  room  than  it  naturally  does  in 
the  fluid?  Perhaps  part  of  the  heat,  which  is  discharged  from 
the  freezing  water,  conihincs  with  the  air  in  its  unolaslic  stale, 
and,  by  restoring  its  elasticity,  gives  it  that  extraordinary  force, 
as  is  seen  also  in  the  case  of  air  suddenly  extricated  in  the 
explosion  of  gunpowder. 

The  greatest  degrees  of  heat  which  are  known,  have  been 
produced  by  concentrating  the  solar  rays  with  a  mirror,  or  lens, 
or  by  supplying  a  blow-pipe  with  oxygen  gas.  A  very  great 
degree  of  cold  is  produced  by  mixing  snow  witli  certain  salts. 
The  best  salt  for  this  purpose  is  muriate  of  lime.  If  this  be 
mixed  with  dry,  light  snow,  and  stirred  well  together,  the  cold 
produced  will  be  so  intense,  as  to  freeze  mercury  in  a  few 
minutes.  Salt  and  snow  also  produce  a  great  decree  of  cold. 
Evaporation  likewise  produces  cold.  The  method  of  making 
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ice  artificially  in  the  East  Indies,  depends  upon  this  principle. 
The  manufacturers  at  Benares  dig  pits  in  large  open  plains,  the 
bottom  of  which  they  strew  with  sugar-canes,  or  dried  stems  of 
maize,  or  Indian  corn.  Upon  this  bed  they  place  a  number  of 
unglazed  pans,  made  of  so  porous  an  earth,  that  the  water 
oozes  through  their  substance.  These  pans  are  filled  towards 
evening,  in  the  winter  season,  with  water  which  has  been  boiled, 
and  are  left  in  that  situation  till  morning,  u  hen  more  or  less 
ice  is  found  in  them,  according  to  the  temperature  of  the  air; 
there  being  more  formed  in  dry  and  warm  weather,  than  in 
cloudy  weather,  though  it  may  be  colder  to  the  human  body. 

Every  thing  in  this  operation  is  calculated  to  produce  cold 
by  evaporation  ;  the  beds  on  which  the  pans  are  placed,  suffer 
the  air  to  have  a  free  passage  to  their  bottoms,  and  the  pani 
constantly  oozing  out  water  to  their  external  surface,  are 
cooled  by  the  evaporation  of  it.  In  Spain,  they  use  a  kind  of 
earthen  jars,  called  buxaros,  the  earth  of  which  is  so  porous, 
being  only  half-baked,  that  the  outside  is  kept  moist  by  the 
water  which  filters  through  it;  and,  thoush  placed  in  the  sun, 
the  water  in  the  jar  becomes  as  cold  as  ice.  It  is  a  common 
practice  in  China,  to  cool  wine  or  other  lir]uors  by  wrapping  a 
wet  cloth  round  the  bottle,  and  hanging  it  up  in  the  sun.  The 
water  in  the  cloth  evaporates,  and  thus  cold  is  produced.  Ice 
may  be  produced  at  any  time  by  the  evaporation  of  ether. 

Freezing  mixture,  a  preparation  for  the  artificial  congela- 
tion of  water  and  other  fluids.  The  first  person  who  made 
experiments  on  freezing  mixtures  was  Fahrenheit.  But  the 
subject  was  much  more  completely  investigated  by  Mr.  Walker, 
in  a  paper  published  in  the  Philosophical  Transactions  for  1795. 
Since  that  time  several  curious  additions  have  been  made  by 
professor  Lowitz,  particularly  theintroductionof  muriate  of  lime, 
which  produces  a  vcrj  great  degree  of  cold  when  mixed  with 
snow;  and  the  experiments  of  Lowitz  have  been  lately  repeated 
and  extended  by  Mr.  Walker.  In  the  Philosophical  Transac- 
tions for  1801,  p.  l.'i.i,  is  given  a  table,  divided  into  classes; 
in  the  first  rank  of  these  classes  of  mixtures,  Mr.  Walker  has 
not  specified  the  temperature  at  which  the  materials  were, 
previous  to  mixing  ;  the  reader  being  informed,  in  a  paragraph 
which  immediately  follows  the  table,  that  it  is  immaterial,  the 
result  being  the  same  as  stated  in  the  table,  whatever  may  be 
the  temperature  of  the  materials  at  mixing.  So  that  it  is  not 
requisite  to  specify  the  temperatures  at  which  it  was  supposed 
to  be  necessary  the  materials  should  be,  previous  to  mixing,  in 
order  to  produce  the  eflects  stated. 

Professor  Leslie  has  lately  discovered  that  porphjritic  trap, 
pounded  and  dried,  will  absorb  one-tenth  part  of  its  weight  of 
uioistiire,  and  can  hence  he  easily  made  to  freeze  the  eighth 
part  of  its  weight  of  water.  In  hot  countries  the  powder  will 
nfler  each  process  recover  its  power  by  drying  in  the  sun. 
This  curious  and  beautiful  discovery  of  artificial  congelation, 
will  therefore  produce  ice  in  the  tropical  climes,  or  even  at 
sea,  with  very  little  trouble,  and  no  sort  of  risk  or  inconvenience. 
Thus  we  are  convinced  of  the  wonderful  power  of  chemistry. 
This  one  discovery,  which  enables  man  in  the  hottest  climate, 
even  in  the  torrid  zone,  to  compose  artificially,  and  by  such  a 
simple  process,  the  product  of  the  frigid  zones,  is  but  a  single 
instance,  but  it  is  sufficient  to  rank  that  noble  science  among 
one  of  the  most  important  to  man.  Even  in  our  every-day 
meals,  our  tea,  our  coffee,  every  process  of  cookery,  of  medi- 
cine, in  short,  almost  all  the  operations  of  nature  and  art,  are 
carried  on  by  the  means  cither  of  chemical,  electric,  or 
magnetic  processes,  with  all  of  which  we  may  become  ac- 
quainted in  some  degree. 

The  annexed  figure  repre- 
sents a  large  air  pump,  for 
the  purpose  of  freezing,  on 
Leslie's    principle.     It   con- 
sists of  a  stout  low  frame,  in 
which   a  good    air   pump   is 
fixed,  and  on  the  plate  are 
six  receivers,  each  furnished 
with  a  broad  glass  saucer  for 
holding    sulphuric    acid,    or 
pounded    whinstonc,    and    a    small    por.nis    earthen    cup   for 
holding   the   water.     The   machine   may   be   seen   at   Messrs. 
Harris's,  the  opticians.  No.  50,  High  llolborn. 
4  R 
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Leslie  has  lately  discovered  that  parched  oatmeal  is  even  a 
more  powerful  absorbent  than  the  whinstoue ;  and  with  a 
stratum  of  oatmeal,  about  a  foot  diameter,  and  one  inch  deep, 
he  froze  a  pound  and  a  quarter  of  water,  contained  in  a  hemi- 
spherical porous  cup.  The  meal  is  easily  dried,  and  restored  to 
its  former  use. 

Freezing  Puint,  denotes  the  point  or  degree  of  cold,  shewn 
by  a  mercurial  thermometer,  at  which  certain  lluids  begin  to 
freeze,  or,  when  frozen,  at  which  they  begin  to  lliaw  again. 
On  Fahrenheit's  thermometer  this  point  is  at  +  32  for  water, 
and  at  —  40  for  quicksilver,  these  tluids  freezing  at  those  two 
points  respectively.     See  Thermometer. 

Freezing  Rain,  or  liuhihig  Ice,  a  very  uncommon  kind  of 
shower,  which  fell  in  the  west  of  England,  in  December,  167-2, 
of  which  we  have  various  accounts  in  the  Philosophical  Trans- 
actions. This  rain,  as  soon  as  it  touched  any  thing  above 
ground,  as  a  bough,  &c.  immediately  settled  into  ice  ;  and,  by 
multiplying  and  enlarging  of  the  icicles,  broke  all  down  with  its 
weight.  The  rain  that  fell  on  the  snow  immediately  froze  into 
ice,  without  sinking  in  the  snow  at  all.  It  made  an  incredible 
destruction  of  trees,  beyond  any  thing  recorded  in  history. 
"  Had  it  concluded  with  some  gust  of  wind,  (says  a  gentleman 
on  the  spot,)  it  might  have  been  of  terrible  consequence.  I 
weighed  the  sprig  of  an  ash  tree,  of  three-quarters  of  a  pound, 
the  ice  on  which  weighed  16  pounds.  Some  were  frightened 
with  the  noise  in  the  air,  till  they  discerned  it  was  the  clatter 
of  icy  boughs,  dashed  against  each  other."  This  phenomenon, 
however,  is  not  uncommon  in  a  less  degree,  and  depends 
wholly  on  the  nice  balance  of  temperatures  in  the  rain  and 
atmosphere.  Br.  Beale  observes,  that  there  was  no  consider- 
able frost  observed  on  the  ground  during  the  whole  ;  whence  he 
concludes,  that  a  frost  may  be  very  intense  and  dangerous  on 
the  top  of  some  bills  and  plains  ;  while  in  other  places  it 
keeps  at  two,  three,  or  four  feet  distance  above  the  ground, 
rivers,  lakes,  &e.  and  may  wander  about  very  furious  in  some 
places,  and  remiss  in  others  not  far  ofl'.  This  frost  was  followed 
by  glowing  heats,  and  a  wonderful  forwardness  of  tlowers  and 
fruits. 

Freeze,    in  Naval  Architecture,    ornamental    painting   or 
sculpture  on  the  upper  part  of  a  ship's  quarter,  stern,  or  bow.  | 
It  consists   generally  of  armour,  instruments  of  war,  marine 
emblems,  &c. 

FREIGHT  OF  A  Ship,  the  hire  of  part  thereof,  usually  paid 
for  the  carriage  and  conveyance  of  goods  ;  or  the  sum  agreed 
upon  between  the  owner  and  the  merchant  for  the  hire  and  use 
of  a  vessel. 

Freight.  The  freight  of  a  vessel  is  usually  agreed  on  either  at 
the  rate  of  so  much  for  the  voyage,  or  by  the  month,  or  per  ton. 
FREIGHTING,  or  Letting  out  Vessels  on  Freight  or  Hire,  was 
once  one  of  the  principal  branches  of  the  trade  of  the  Dutch. 
They  were  the  carriers  of  all  the  nations  of  Europe,  and  their 
purveyors,  notwithstanding  that  their  country  produced  little  or 
nothing,  and  that  they  were  forced  to  have  every  thing  necessary 
for  the  building  of  a  vessel  from  other  countries.  The  principal 
laws  relating  to  freighting  are:— That  if  a  whole  vessel  be 
hired,  and  the  merchant,  or  person  who  hires  it,  does  not  give  it 
its  full  load  or  burden,  the  master  of  the  vessel  cannot,  with- 
out his  consent,  take  in  any  other  goods  without  accounting  to 
liim  for  freight.  That,  though  the  merchant  do  not  load  the  full 
quantity  of  goods  agreed  on  in  the  charter-party,  yet  he  shall 
pay  the  whole  freight;  and  if  he  load  more,  he  shall  pay  for  the 
excess.  If  a  time  be  appointed  by  charter-party,  and  cither 
the  ship  be  not  ready  to  take  in,  or  the  merchant  to  put  on 
board,  the  parties  are  at  liberty,  with  remedy  by  action  lor  the 
detriment.  If  part  be  on  board,  and  some  misfortune  prevent 
the  merchant's  lading  the  whole  in  time,  the  master  may  con- 
tract with  another,  and  have  freight  as  damage  for  the  time 
longer  than  limited.  <^n  the  otlier  hand,  if  the  vessel  be  ready, 
the  merchant  may  ship  the  remainder  of  the  goods  aboard 
another,  and  recover  dainnges  against  the  fust  master  or 
owners;  therefore,  by  the  marine  law,  chance,  or  otlicr  noto- 
rious necessity,  will  excuse  the  master,  but  he  loses  his  freight 
till  he  breaks  ground.  Llut  if  the  merchant  be  in  fault,  he  must 
answi-r  Itie  damage,  or  be  liable  to  maintain  the  crew  ten  days  ; 
and  il  alter  that,  the  full  freight :  if  damage  afterwards,  it  is 
the  merchant's  risk  :   but  by  the  common   law,  while  the  goods 


are  on  board,  the  master  must  see  them  forthcoming.  If  goods 
are  fully  laded,  and  the  ship  has  broken  ground,  but  the 
merchant  afterwards  declines  the  adventure,  and  unlades 
again,  by  the  maritime  law  the  freight  is  due.  If  a  set  time  be 
agreed  on  between  the  merchant  and  master  to  begin  and  end 
the  voyage,  it  may  not  be  altered  by  the  supercargo  without 
special  commission  ;  and  if  a  master  shall  sail  on  his  voyage 
alter  the  time  agreed  on  for  his  departure,  and  damage  hap- 
pens afterwards,  he  shall  niake  it  good.  If  a  ship  be  freighted 
iiom  one  port  to  another,  thence  to  a  third,  &c.  and  so  home 
to  the  port  whence  she  first  sailed,  (commonly  called  a  trading 
voyage,)  tlie  whole  is  one  and  the  same  voyage,  if  performed 
according  to  the  charter-party.  If  the  ship  be  freighted  out 
and  in,  no  freight  is  due  till  the  voyage  is  performed ;  if,  there- 
fore, the  ship  perish  coining  home,  the  nhole  freight  is  lost. 

The  master  may  set  ashore  such  goods  as  he  finds  in  his 
vessel  which  were  not  notified  to  him,  or  take  thein  at  a  higher 
rate  than  was  agreed  on  for  the  rest.  But  if  the  master  freight 
his  ship,  and  afterwards  secretly  take  in  other  goods,  he  loses 
his  freight;  and  if  any  of  the  freighter's  goods  should,  for  the 
ship's  safety,  be  cast  overboard,  the  rest  shall  not  be  subject 
to  average,  but  the  master  must  make  it  good. 

If  a  ship  be  stopped  or  detained  in  its  course,  either  through 
the  master's  or  merchant's  default,  the  delinquent  shall  be 
accountable  to  the  other.  Thus,  if  the  freighter  load  the  ship 
with  prohibited  goods,  he  shall  answer  the  freight  contracted; 
but  if  the  ship  put  into  any  other  port  than  she  is  freighted  to, 
the  master  shall  answ  er  damage  to  the  inetchunt ;  but  if  forced 
in  by  storm,  enemy,  or  pirates,  he  must  then  sail  to  the  stipu- 
lated port  at  his  own  costs.  If  the  master  be  obliged  to  refit 
his  vessel  during  his  voyage,  the  merchant  shall  wait,  or  else 
pay  the  whole  freight;  if  the  vessel  could  not  be  refitted,  the 
master  is  obliged  to  hire  another  immediately,  otherwise  only 
to  be  paid  his  freight  in  proportion  to  the  part  of  the  voyage 
performed  ;  though,  in  case  the  merchant  prove  that  the  vessel, 
at  the  time  it  set  sail,  was  not  capable  of  the  vojage,  the 
naster  must  lose  his  freight,  and  an  account  for  damages  to 
the  merchant.  Freight  shall  be  paid  for  merchandises  which 
the  master  was  obliged  to  sell  for  victuals,  or  refitting,  or  other 
necessary  occasions,  paying  for  the  goods  at  the  rate  the  rest 
were  sold  at  where  they  were  landed.  In  case  of  a  prohibition 
of  commerce  with  the  country  whither  the  vessel  is  bound,  so 
that  it  is  obliged  to  be  brought  back  again,  the  master  only 
shall  be  paid  freight  for  going.  And  if  a  ship  be  stopped  or 
detained  in  its  vo>ago  by  an  embargo  by  order  of  the  prince, 
there  shall  neither  be  any  freight  paid  for  the  time  of  the  deten- 
tion in  case  it  be  hired  per  month,  nor  shall  the  freight  be 
increased,  if  hired  for  the  voyage  ;  but  the  pay  and  the  victuals 
of  the  sailors  during  the  delention,  shall  be  deemed  average. 

Freight  is  also  used  for  the  burden  or  lading  of  a  ship,  or 
the  cargo  of  goods,  &c.  which  she  has  on  board.  Freight  is 
also  a  duty  paid  to  the  government  of  France  by  the  masters 
of  foreign  vessels  going  in  or  out  of  the  several  ports  of  the 
kingdom. 

It  is  to  be  observed,  that  all  vessels  not  built  in  France  are 
accounted  foreign,  though  belonging  to  that  government,  and 
as  such,  are  liable  to  the  payment  of  an  impost,  unless 
otherwise  exempted,  or  that  two-thirds  of  the  crew  are  French. 
The  Dutch  and  the  Hanse  Towns  were  exempted  from  the  duty 
of  freight. 

FRENICLE,  Bernard,  a  celebrated  French  mathematician 
of  the  seventeenth  century,  contemporary  and  companion  of 
Descartes,  Fermet,  Roberval,  and  the  other  distinguished 
mathematlrians  of  that  time. 

FRESCO,  a  method  of  painting  in  relievo  on  walls,  so  as  to 
endure  the  weather.  It  is  performed  with  water  colours  ou 
fresh  plaster  ;  or  a  wall  laid  w  itli  niortiir  not  dry.  This  sort  of 
painting  has  a  great  advantage,  by  its  incorporating  with  the 
mortar  with  which  it  dries. 

FRE.SH,  when  applied  to  the  wind,  signifies  strong,  but  not 
violent  or  dangerous  ;  hence,  when  the  gale  increases,  it  is  said 
to  freshen. 

Fresh  Shot,  signifies  the  falling  down  of  any  great  river  into 
the  sea,  by  means  whereof  the  sea  hath  fresh  water  a  good  way 
from  the  mouth  of  the  river.  As  this  is  more  or  less,  they  call 
it  a  great  or  small  fresh  shot. 
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Fresh  Spell,  a  fresh  Kane;  to  relieve  the  rowers  in  the  long- 
boat. Fresh  Water,  implies  water  fit  to  drink,  in  oppostion  to 
sea  or  salt  water.  Fresh  Way  of  a  Sliip  implies  considerable 
velocity. 

To  Freshen  Hawse,  to  relieve  that  part  of  the  cable  v»hich 
has  for  some  time  been  exposed  to  friction  in  one  of  the  hawse- 
holes,  when  the  ship  rocks  and  pitches  at  anchor  in  a  high  sea ; 
this  is  done  by  applying  fresh  service  to  the  cable  within  board, 
and  then  veering  it  into  the  hawse. 

Freshes,  imply  the  impetuosity  of  an  ebb-tide  increasing  by 
heavy  rains  and  flowing  out  into  the  sea,  which  it  often  disco- 
lours to  a  considerable  distance  from  the  shore,  insomuch  as 
the  line  which  divides  the  two  colours  may  be  perc.eived  dis- 
tinctly for  a  great  length  along  the  coast. 

FRET,  or  Fretto,  in  Architecture,  a  kind  of  ornament,  con- 
sisting of  two  lists  or  fillets  interlaced,  and  running  at  parallel 
distances  equal  to  the  breadth. 

Fret,  in  Music,  a  kind  of  stop  on  some  instruments,  parti- 
cularly bass-viols  and  lutes. 

FRIABILITY,  that  quality  of  certain  bodies  whereby  they 
are  easily  reduced  to  powder.  Thus  we  speak  of  the  friability 
of  earths,  &c. 

FRICTION,  the  act  of  rubbing  two  bodies  together,  or  the 
resistance  in  machines  caused  by  the  motion  of  the  different 
parts  against  each  other.  Friction  arises  from  the  roughness 
or  asperity  of  the  surface  of  the  body  moved  on,  and  that  of 
the  moving  body  ;  for  such  surfaces  consisting  alternately  of 
small  eminences  and  cavities,  these  act  against  each  other,  aud 
prevent  the  free  motion  that  would  ensue,  on  a  supposition  of 
the  two  bodies  being  perfectly  polished  planes. 

Mr.  Ferguson  found  that  the  quantity  of  friction  was  always 
proportional  to  the  weight  of  the  rubbing  body,  and  not  to  the 
quantity  of  surface;  aud  that  it  increased  witli  an  increase  of 
velocity,  but  was  not  proportional  to  the  augmentation  of 
celerity.  He  found  also  that  (he  friction  of  smooth  soft  wood, 
moving  upon  smooth  soft  wood,  was  equal  to  one-tliird  of  the 
weight;  of  rough  wood  upon  rough  wood,  one-half  of  the 
weight:  of  soft  wood  upon  hard,  or  hard  upon  soft,  one-fifth  of 
the  weight ;  of  polished  steel  upon  polished  steel  or  pewter, 
one-quarter  of  the  weight ;  of  polished  steel  upon  copper,  one- 
fifth  ;  and  of  polished  steel  upon  brass,  one-si.\th  of  the 
weight. 

Columb  has  made  numerous  experiments  upon  friction,  and 
by  employing  large  bodies  and  ponderous  weights,  and  con- 
ducting his  experiments  on  a  large  scale,  he  has  corrected 
several  errors  which  necessarily  arose  from  the  limited  ex- 
periments of  preceding  writers;  he  has  brought  to  light 
many  new  and  striking  phenomena,  and  confirmed  others 
which  were  hitherto  but  partially  established. 

We  cannot  in  a  work  of  this  kind  follow  M.  Colunil)  through 
bis  numerous  and  varied  experiments;  all  that  can  be  ex- 
pected will  be  a  short  abstract  of  the  most  interesting  of  his 
results;  a  few  of  which  are  as  follow:—!.  The  friction  of 
homogeneous  bodies,  or  bodies  of  the  same  kind  moving  upon 
each  other,  is  generally  supposed  to  be  greater  than  that  of 
heterogeneous  bodies  ;  but  Columb  has  shewn  that  there  are 
exceptions  to  this  rule.  2.  It  was  generally  supposed  that  in 
tlie  case  of  wood,  the  friction  is  greatest  when  the  bodies  are 
drawn  contrary  to  the  course  of  their  fibres ;  but  Columb  has 
shewn  that  the  friction  in  thiscase  is  sometimes  the  smallest.  3. 
The  longer  the  rubbing  surfaces  remain  in  contact,  the  greater 
is  their  friction.  4.  Friction  is  in  general  proportional  to  the 
force  with  which  the  rubbing  surfaces  are  pressed  logetlier, 
and  is  commonly  equal  to  between  one-half  and  one  <|uarter  of 
that  force,  b.  Friction  is  not  generally  increased  by  augment- 
ing the  rubbing  surfaces.  6.  Friction  is  not  increased  by  an 
increase  of  velocity,  at  least  it  is  not  generally  so  ;  and  even 
in  some  cases  the  friction  decreases  with  an  increase  of  cele- 
rity. 7.  The  friction  of  cylinders  rolling  upon  an  horizontal 
plane  is  in  the  direct  ratio  of  their  weights,  and  in  the  inverse 
ratio  of  their  diameters. 

From  a  variety  of  experiments  on  the  friction  of  the  axes  of 
pulleys,  Columb  al.5o  obtained  the  following  results  ;— When 
an  iron  axle  moved  in  a  brass  bush  or  bed,  t)ie  friction  was 
oiie-sixtli  of  the  pressure;  but  when  the  bush  was  besmeared 
with  very  clean  taUow,  the  friction  was  only  oue-elcventli ;  «  hen 


swine's  grease  was  interposed,  the  friction  amounted  to  — ; 

and  v»hen  olive-oil  was  employed  as  an  unguent,  the  friction 

was  never  less  than  J,  or  —•     When  Uie  axis  »as  of  green 

oak,  and  the  bush  of  guaiacum-wood,  the  friction  was  ^  when 
tallow  was  interposed;  but  when  the  tallow  was  removed  so 
that  a  small  quantity  of  grease  only  covered  the  surface,  the 
friction  was  increased  to  ^.  When  the  bush  was  made  of  elm, 
the  friction  was  of  similar  circumstances  J,  and  j^,  which  is  the 
least  of  all.  If  the  axis  be  made  of  box,  and  the  bush  of  guaia- 
cum-wood, the  friction  was  ^,  and  t",,  circumstances  being  the 
same  as  before.  If  the  axle  be  of  box  wood,  and  the  bush  of 
elm,  the  friction  will  be  J,  and  ^  ;  and  if  the  axle  be  of  iron, 
and  the  bush  of  elm,  the  friction  will  be  r.',  of  the  force  of  pres- 
sure. In  wood  rubbing  upon  wood,  oil,  grease,  or  black-lead, 
properly  applied,  makes  the  fiiclion  two-thirds  less.  Wheel- 
naves,  when  greased,  have  only  one-fourth  of  the  friction  they 
would  have  if  wet.  Hence  the  propriety  of  so  contriviu); 
wheel  naves  as  to  keep  the  grease  from  being  dissipated. 
When  polished  steel  moves  on  steel,  or  pewter  properly  oiled, 
the  friction  is  about  one-fourth  of  the  weight  ;  on  copper  or 
lead,  one-fifth  ;  on  brass,  one-sixth  ;  and  metals  have  more 
friction  when  they  move  on  metals  of  the  same  kind,  than  on 
did'erent  metals.  The  friction  of  a  single  lever  is  very  little. 
The  friction  of  the  w  heel  and  axle  is  in  proportion  to  the  weight, 
velocity,  and  diameter  of  the  axle;  the  smaller  the  diameter  of 
the  axle,  the  less  the  friction.  The  friction  of  pulleys  is  great, 
on  account  of  the  smallncss  of  their  diameters  in  proportion  to 
that  of  their  axes  ;  because  they  often  bear  against  the  blocks, 
and  from  the  wearing  of  their  boles  and  axles.  In  the  wedge 
and  screw  there  is  much  friction.  Screws  with  sharp  threads 
have  more  friction  than  tliose  with  square  threads,  and  endless 
screws  have  most. 

An  easy  method  of  experimenting  on  the  friction  of  surfaces, 
is,  to  place  a  plank  with  its  upper  surface  level  ;  and  on  this  a 
thin  block  of  the  matter  to  be  tried,  with  a  cord  fixed  to  it, 
which  block  may  be  loaded  with  different  weights ;  and  a 
spring  steel) ard  attached  to  the  other  end  of  the  cord,  to  draw 
it  along  by,  will  shew  the  force  necessary  to  produce  motion. 
See  till-  following  figure,  where  A  A  is  the  plank.  IJ  the  block 
of  matter  to  be  tried  loaded  with  a  wei^'ht  W,  C  the  scale  of 
the  spring  steelyard  ;  which  shews  the  force  required  to  over- 
come the  friction,  when  the  block  B  is  moved  by  drawing  at 
the  hook  D.  By  attending  to  a  few  precautions,  the  friction  of 
surfaces  may  be  easily  ascertained  with  this  simple  apparatus. 
Thus,  to  try  the  friction  of  while  deal  on  while  deal,  the  plank 
A  A  was  of  that  substance,  as  well  as  the  block  B.     Then  a 


weight  W  was  put  on  the  block,  when  the  block  and  the  load 
upon  it  amounted  to  20  lbs.  The  force  required  to  move  it 
from  rest,  as  shewn  by  the  steelyard,  was  7  lbs.  ;  and  when 
there  was  20  lbs.  more  weight  laid  upon  the  block,  the  force  to 
move  it  was  14  lbs.,  hence  we  find  that  the  friction  increases  in 
the  same  proportion  as  the  weight.  In  making  the  experi- 
ment ou  the  friction  of  wood,  the  block  moves  quickly  forward 
as  soon  as  you  have  gently  drawn  the  spring  to  the  measure  of 
its  friction  at  rest,  and  it  may  be  continued  in  gentle  motion  with 
a  less  degree  of  force.  Now,  if  you  contiime  to  draw  steadily, 
so  as  to  give  the  block  the  slowest  regular  motion  it  will  take, 
the  scale  will  shew  the  friction  in  motion   to  be  31  lbs.  when 
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the  load  is  20  lbs.,  and  7  lbs.  when  tlie  load  is  40  lbs. ;  therefore 
'lie  friction  in  motion  is  not  sensiblj'  difl'crent  from  being  pro- 
portioual  to  the  pressure. 

The  relation  between  the  friction  and  the  pressure  is — 20  :  7 
:-:  100  :  35;  that  is,  the  friction  from  rest  is  35  lbs.  when  the 
pressure  is  100  lbs.  or  35  per  cent,  in  white  fir  on  white  tir, 
drann  in  the  direction  of  the  grain  of  the  wood,  when  the  rub- 
bing surfaces  of  the  fir  have  been  planed  true  and  even.  And 
the  friction  of  uhite  fir  on  white  fir,  in  motion,  is,40  :  7  : :  100 
:  175,  or  17j  lbs.  when  the  pressure  is  100  lbs.  that  is,  17J  per 
cent. 

In  trjing  the  friction  in  motion,  the  slowest  regular  move- 
ment should  be  obtained.  If  you  endeavour  to  produce  a  quicker 
motion,  50U  will  find  that  a  greater  force  is  necessary;  because 
it  requires  more  force  to  give  a  body  a  greater  velocity  than  a 
small  one,  though  the  friction  be  the  same.  Without  this 
explanation,  a  very  wrong  measure  of  friction  might  be 
adopted. 

The  friction  from  rest  of  white  fir  on  white  fir,  across  the 
grain,  is  not  quite  33  lbs.  when  the  pressure  is  100  lbs. :  but 
when  in  motion,  the  friction  is  sensibly  different  from  that  in 
the  direction  of  the  grain. 

The  surface  of  the  block  in  the  preceding  trial  was  six 
square  inches,  and  when  it  was  reduced  to  three  square  inches, 
the  same  results  were  obtained.  In  these  trials  there  was  no 
attempt  made  to  ascertain  to  what  extent  it  was  possible  to 
reduce  the  rubbing  suifaces  without  increasing  the  friction. 

To  try  the  friction  of  metals  at  a  small  expense,  let  the  blade 
saw  be  laid  flat  on  the  plank  A  A,  and  a  small  piece  of 
metal,  with  one  of  its  faces  ground  true,  will  serve  for  the 
moving  piece  B.  If  the  moving  piece  B  be  of  steel,  the  surfaces 
will  then  be  steel  on  steel,  and  the  friction  from  rest  is  sensibly 
the  same  as  the  friction  in  motion  ;  i.  e.  20  lbs.  when  the  pressure 
was  lOOlbs.,  or  the  friction  one-fiflh  of  the  pressure.  When 
the  piece  B  was  of  cast  iron,  ground  true  and  even,  the  friction 
was  22lbs.  when  the  surfaces  were  pressed  together  by  100 lbs. 
and  it  was  sensibly  the  same  at  the  first  moving  from  rest,  as 
to  continue  a  slow  motion.  When  the  piece  B  was  of  gun- 
metal,*  ground  true  and  even,  the  friction  was  only  15i  lbs. 
when  the  pressure  was  100 lbs.  and  the  same  in  slow  motion  as 
from  rest. 

From  these  experiments  it  will  appear,  that  the  friction  of 
ditl'erent  combinations  of  matter  differ  very  considerably  ;  and 
that  an  immense  quantity  of  power  may  be  lost  in  a  machine 
by  using  those  substances  for  the  rubbing  parts  which  have 
great  friction.  We  see  that  in  a  combination,  where  gun-metal 
moves  against  steel,  the  same  Height  may  be  moved  with  a 
force  of  15J  lbs.,  which  it  would  require  22  lbs.  to  move  when 
cast  iron  moves  against  steel. 

The  resistance,  called  friction,  performs  important  offices  in 
nature  and  in  works  of  art.  Friction  destroys,  but  never'gene- 
rates  motion.  Were  there  no  friction,  all  bodies  on, the  surface 
of  the  earth  would  be  clasliing  against  one  another:  rivers 
would  dash  with  unbounded  velocity,  and  we  should  see  little 
besides  collision  and  motion.  As  it  is,  whenever  a  body 
acquires  a  great  velocity,  it  soon  loses  it  by  friction  against  the 
surface  of  the  earth  ;  the  friction  of  w  afcr  against  the  surfaces 
it  runs  over,  soon  reduces  the  rapid  torrent  to  a  gentle  stream ; 
the  fury  of  the  tempest  is  lessened  by  the  friction  of  the  air  on 
the  face  of  the  earth  ;  and  the  violence  of  the  ocean  is  subdued 
by  the  attrition  of  its  own  waters.  Its  offices  in  works  of  art 
are  equally  important. 

Our  garments  owe  their  strength  to  friction  ;  and  the  strength 
of  ropes,  sails,  and  various  other  things,  depends  on  the  same 
cause ;  for  they  are  made  of  short  fibres,  pressed  together  by 
twisting,  and  this  pressure  causes  a  sulhcient  degree  of  friction 
to  prevent  the  fibres  sliding  one  upon  another.  Without  fric- 
tion, it  would  be  impossible  to  make  a  rope  of  the  fibres  of 
hemp  ;  or  a  sheet  of  the  fibres  of  flax ;  neither  could  the  short 
fibres  of  cotton  have  ever  been  made  into  such  an  infinite 
variety  of  forms  as  they  have  received  from  the  hands  of  our 
truly  imgenious  countrymen.  Wool  also  has  been  converted 
into  a  thousand  textures  for  comfort  or  for  luxury,  and  all 
these  are  constituted  of  fibres,  united  by  friction.     In  fine,  if 

•  A  composilioa  of  copper  and  tin  nsed  for  bearings  in  machinery. 


friction  retards  the  motion  of  machines,  and  consumes  a  largjj 
quantity  of  moving  power,  we  have  a  full  compensation  in 
other,  and  equally  necessary,  benefits  which  it  insures  to  us. 

Friction,  in  Medicine  and  Surgery,  the  act  of  rubbing  the 
surface  of  the  body,  whether  with  the  hand  only,  with  the  flesh- 
brush,  flannel,  or  other  substances,  or  with  oils,  ointments,  or 
other  medicinal  matters,  with  a  view  to  the  preservation  of 
health,  or  to  the  removal  of  particular  diseases.  In  delicate 
hahils  the  use  of  the  flesh-brush,  or  gentle  rubbing  with  the 
hand,  until  some  degree  of  glow  is  produced  on  the  surface 
of  the  skin,  may  contribute,  like  riding  or  other  species  of 
exercise,  to  support  or  improve  the  health.  The  wholesome 
efl'ects  of  friction  are  well  illustrated  by  the  advantages  of  cur- 
rying horses  ;  the  benefits  derived  from  it  in  these  animals  are 
generally  considered  as  equivalent  to  half  the  feeding. — Fric- 
tion is  an  efficacious  remedy  in  several  conditions  of  disease  ; 
particularly  in  chronic  ilieumatisms  of  long  standing;  in  mus- 
cular contractions,  succeeding  to  rheumatism,  &c.  and  con- 
nected often  with  effusions  of  lymph;  In  some  states  of  para- 
lysis ;  in  certain  indolent  tumours,  &c.  In  these  cases,  a 
variety  of  unguents  and  liniments  is  recommended;  but  the 
friction  itself  is  the  principal  source  of  relief 

FRIENDLY  Societies,  denote  associations,  chiefly  among 
the  most  industrious  of  the  lower  and  middling  class  of  trades- 
men and  mechanics,  for  the  purpose  of  afl'ording  each  other 
relief  in  sickness;  and  their  widows  and  children  some 
assistance  at  their  death.  These  have  been  thought  worthy  of 
the  protection  of  the  legislature,  to  prevent  frauds  which  had 
arisen  from  the  irregular  principles  on  which  many  of  them 
were  conducted.  The  statute  33  Geo.  III.  c.  54,  provides, 
that  any  number  of  persons  may  form  themselves  into  a  society, 
and  raise  among  themselves  a  fund  for  their  mutual  benefit, 
and  make  rules  and  impose  fines.  The  rules,  declaring  the 
purpose  for  which  such  societies  are  established,  are  to  be 
exhibited  to  the  quarter  sessions,  who  may  annul  or  confirm 
them  ;  in  which  latter  case,  they  are  to  be  signed  by  the  clerk  of 
the  peace.  No  rule  thus  confirmed  is  to  be  altered  but  at  a 
general  meeting  of  the  society,  and  subject  to  the  control  of 
the  sessions. 

FRIEZE,  in  Architecture,  that  part  of  the  entablature  of 
columns  between  the  architrave  and  corniche.  Anciently 
friezes  were  enriched  with  figures  of  animals ;  in  modern 
times,  they  are  commonly  ornamented  by  figures  in  basso 
relievo. 

FRIGATE,  in  the  Navy,  a  light  nimble  ship,  built  for  the 
purpose  of  sailing  swiftly.  These  vessels  mount  from  twenty 
to  forty-four  guns,  and  make  excellent  cruisers. 

FiuGATE-iui7<,  the  disposition  of  the  decks  of  such  merchant 
ships  as  have  a  descent  of  four  or  five  steps  from  the  quarter- 
deck and  forecastle  into  the  waist,  in  contradistinction  to  those 
whose  decks  are  on  a  continued  line  for  the  whole  length  of  the 
ship,  which  are  called  galley-built.  Formerly  the  name  of 
frigate  was  only  known  in  the  Mediterranean,  and  applied  to  a 
kind  of  long  vessels  navigated  in  that  sea  with  sails  and  oars. 
The  English  were  the  first  who  appeared  on  the  ocean  with 
those  ships,  and  equipped  them  for  war  as  well  as  commerce. 

FRIGORIFIC  Particles,  is  a  term  used  by  some  early 
philosophers  to  denote  what  they  considered  the  matter  of 
cold,  as  modern  philosophers  make  caloric  the  matter  of  heat. 

FRINGELLA,  in  Ornithology,  a  genus  belonging  to  the 
order  of  passeres,  of  which  there  are  one  hundred  and  three  .spe 
cies,  distinguished  principally  by  varieties  in  their  colour,  as 
the  carduelis,  or  goldfinch.  2.  The  caelebs,  or  chaffinch.  3.  The 
montifringilla,  or  bramling.  4.  The  domestica,  or  sparrow. 
5  The  spinus,  or  siskin.  In  the  bird-shops  in  London  it  is 
known  by  the  name  of  th  ■  aberdavine.  It  is  a  docile  species, 
and  is  often  kept  and  paired  with  the  canary-bird,  with  which  it 
breeds  freely.  6.  The  linota,  or  linnet.  7.  The  cannabina,  or 
greater  redpole,  which  frequents  our  sea-coasts,  and  is  often 
taken  near  London.  8.  The  linaria,  or  lesser  redpole,  is  known 
about  London  by  the  name  of  stone  redpole.  9.  The  montium, 
or  twite,  about  the  size  of  a  linnet.  10.  The  canaria,  or  canary- 
bird,  originally  peculiar  to  those  islands,  to  which  it  owes  its 
name.     These  birds  are  all  well  known. 

FRIT,  in  the  Manufacture  of  Glass,  is  the  matter  or  ingredi- 
ents of  which  the  glass  is  to  be  made,  when  they  Lave  been 
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calcined  or  baked  in  a  furnace  ;  and  these  ingredients  are  soda 
and  sand  or  Hint. 

FRITH,  an  arm  of  the  sea,  as  the  frith  of  Forth,  the  frith  of 

Clyde,  &c. 

PRIZING,  in  the  Woollen  Manufactories,  is  a  term  applied 
to  the  forming  of  the  knap  of  cloth  or  stuff  into  any  nuniher  of 
little  hard  burrs  or  prominences,  covering  almost  the  whole 
ground  thereof  Some  cloths  areonly  frized  on  the  back,  as  black 
cloths  ;  others  on  the  right  side,  as  coloured  and  mixed  clollis, 
ratoens,  bays,  freezes,  &c.  Prizing  may  be  performed  two 
ways ;  one  with  the  hand,  that  is,  by  two  workmen,  who  con- 
duct a  kind  of  plank  that  serves  for  a  friziug  instrument.  The 
other  way  is  by  a  mill,  worked  either  by  water  or  a  horse,  or 
sometimes  by  men.  This  latter  is  esteemed  the  better  way  of 
frizing,  the  motion  being  uniform  and  regular,  and  the  little 
knobs  of  the  frizing  are  formed  more  equably  and  regularly. — 
The  structure  of  this  useful  machine  is  as  follows :  The 
three  principal  parts  are,  the  frizcr  or  crisper  ;  the  frizing-table  ; 
and  the  drawer,  or  beam.  The  two  first  are  two  equal  planks, 
or  boards,  each  about  10  feet  long,  and  15  inches  broad  ;  difi'er- 
ing  only  in  this,  that  the  frizing-table  is  lined  or  covered  wilh 
a  kind  of  coarse  woollen  stuff,  of  a  rough,  sturdy  knap,  and  that 
the  frizer  is  incrustated  with  a  kind  of  cement  composed  of 
glue,  gum-arabic,  and  yellow  sand,  with  a  little  aqua  vitae,  or 
urine.  The  beam  or  drawer,  thus  called  because  it  draws  the 
stufl'  from  between  the  frize  and  frizing-table,  is  a  wooden 
roller,  beset  all  over  with  little,  line,  short  points  nr  ends  of 
wire,  like  those  of  cards  used  in  carding  of  wuol.  The  disposi- 
tion and  use  of  the  machine  are  thus;  the  table  stands  immove- 
able, and  bears  or  sustains  the  cloth  to  be  frized,  which  is  laid 
with  that  side  uppermost  on  which  the  knap  is  to  be  raised. 
Over  the  table  is  placed  the  frizer,  at  such  a  distance  from  it  as 
to  give  room  for  the  stuff  to  be  passed  between  them  ;  so  that 
the  frizer,  having  a  very  slow,  semicircular  motion,  meeting  the 
long  hairs  or  kuap  of  the  cloth,  twists  and  rolls  them  into  little 
knobs  or  burs,  while,  at  the  same  time,  the  drawer,  which  is 
continually  turning,  draws  away  the  stuff  from  under  the  frizcr, 
and  winds  it  over  its  points. 

FROG-FISH  of  Surinam,  a  .singular  animal,  which  is  pro- 
duced by  the  transformation  of  a  frog  into  a  fish.  In  Surinam 
these  fishes  are  called  jakies.  They  are  cartilaginous,  of  a 
substance  like  our  mustcla,  and  excjuisite  food.  They  are 
formed  with  regular  vertebras,  and  small  bones  all  over  the 
body,  divided  into  equal  parts  ;  are  first  darkish,  and  then  gray  ; 
their  scales  make  a  beautiful  appearance. 

FROST,  such  a  state  of  the  atmosphere  as  causes  the  con- 
gelation or  freezing  of  water  or  other  fluids  into  ice.  In  the 
more  northern  parts  of  the  world,  even  solid  bodies  are 
afiected  by  frost,  though  this  is  only  or  chiefly  in  consequence 
of  the  moisture  they  contain,  which  being  frozen  into  ice,  and 
so  expanding,  as  water  is  known  to  do  when  frozen,  it  bursts, 
and  rends  any  thing  in  which  it  is  contained,  as  plants,  trees, 
stones,  and  large  rocks.  Many  tluidsexpand  by  frost,  as  water, 
which  expands  about  one-tenth  part,  for  which  reason  ice 
floats  in  water;  but  others  again  contract,  as  quicksilver, 
and  thence  frozen  quicksilver  sinks  in  the  fluid  metal.  Frost, 
being  derived  from  the  atmosphere,  naturally  proceeds  from 
the  upper  parts  of  bodies  downwards,  as  the  water  and  the 
earth  ;  so  the  longer  a  frost  is  continued,  the  thicker  the  ice 
becomes  upon  the  water  in  ponds,  and  the  deeper  into  the 
earth  the  ground  is  frozen. 

FROTH  SPIT,  or  Cuckow  SriT,  a  name  given  to  a  white 
froth  or  spume  very  common  in  the  spring.  It  forms  the  nidus 
of  a  species  of  cicada. 

FRUCTIFICATION,  the  terminating  of  an  old  vegetable, 
and  the  beginning  of  a  new  successor.     See  Botany. 

FRUIT,  in  IJotany,  is  that  part  of  a  plant  in  which  the  seed  is 
contained;  and  fruits  arc  rece7it,/re.t/i,  and  rfr//,  according  as 
they  have  been  gathered  for  immediate  use,  or  prepared  for 
keeping,  by  being  dried  in  the  sun,  or  otherwise  preserved. 

Fruit  Stones  swallowed,  have  often  been  the  cause  of  fatal 
complaints  in  the  bowels  ;  for  though  the  guts  are  so  defended 
by  their  proper  mucus,  that  people,  and  children  espcrially, 
seldom  suffer  by  the  generality  of  things  they  devour  ;  yet  the 
hair  off' the  skins  of  animals,  the  stumps  of  birds'  feathers,  the 
fibres,  vessels,  and  nerves  of  plants,  are  not  altered  by  the 
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stomach,  and  often  collect  in  lumps  in  the  intestines,  producing 
colics,  pains,  &c.  without  being  voided,  except  by  the  most 
violent  purees. 

FRUSTUM,  in  Geometry,  is  the  part  of  a  solid  next  the  base, 
left  by  cutting  of!"  the  top  or  segment  by  a  plane  parallel  to  the 
base  ;  as  the  frustum  of  a  pyramid,  of  a  cone,  of  a  conoid,  of  a 
spheroid,  or  of  a  sphere,  which  is  any  part  comprised  between 
two  parallel  circular  sections  ;  and  the  middle  frustum  of  a 
sphere  is  that  whose  ends  are  equal  circles,  having  the  centres 
of  the  sphere  in  the  middle  of  it,  and  equally  distant  from 
both  ends. 

FUCUS,  a  name  given  by  the  ancients  to  certain  dyes  and 
paints.  By  tliis  name  they  called  a  purple  sea-plant,  used  by 
theni  to  dye  woollen  and  linen  cloths  of  that  colour.  The  dye 
was  very  beautiful,  but  not  lasting  ;  for  it  soon  began  to  change, 
and  in  time  went  wholly  off. 

Fucijs,  in  Botany,  a  genus  of  the  order  of  algae,  belonging  to 
the  cryptogamia  class  of  plants;  as,  1.  The  serratus,  serrated 
fucus,  or  sea-wrack,  frequent  upon  the  rocks  at  low-water- 
mark. 2.  The  vesiculosus,  bladder  fucus,  common  sea-wrack, 
or  sea-ware,  grows  on  the  sea-rocks  about  low-water-mark. 
This  species  is  an  excellent  manure  for  land ;  to  which  pur- 
pose it  is  often  applied  in  Scotland,  and  other  countries.  But 
the  most  beneficial  use  to  which  the  fucus  vesiculosus  is  applied, 
is  in  making  kelp,  a  work  much  practised  in  the  \N'estern 
isles.  The  manufacture  or  burning  of  kelp  employs  .30,000  per- 
sons in  Great  Britain,  and  it  sells  from  £4.  \0s.  to  £5.  Us.  a  ton. 

FUEL,  comprehends  the  fluid  inflammable  bodies  ;  peat  or 
turf;  charcoal  of  wood;  pit  coal  charred  ;  and  wood,  or  pit- 
coal  in  a  crude  state,  and  capable  of  yielding  a  copious  and 
bright  flame. 

FUGUE,  in  Music,  a  term  derived  from  the  Lalin  fuga,'a  flight, 
and  signifying  a  composition  either  vocal  or  instrumental,  or 
both,  in  which  one  party  leads  off  some  determined  succession 
of  notes  called  the  subject,  which,  after  being  answered  in  the 
fifth  and  eighth  by  the  other  parts,  is  interspersed  through  the 
movement,  and  distributed  amid  all  the  parts  at  the  pleasure 
of  the  composer,  sometimes  accompanied  by  other  adventitioi  s 
matter,  and  sometimes  by  itself  There  are  distinct  descrip- 
tions of  fugues  ;  the  simple  fugue,  the  double  fugue,  and  counter 
fugue. 

FULCRUM,  in  Mechanics,  the  prop  or  support  upon  which 
a  lever  is  sustained.     See  Lever. 

FULGOR.\,  or  Lantern  Ply,  an  insect  belonging  to  the 
hemiptera  order.  1.  The  Peruvian  lantern-fly  measures  nearly 
three  inches  and  a  half  from  the  front  to  the  tail,  and  about  five 
inches  and  a  half  from  wing  to  wing,  when  expanded  ;  this  beau- 
tiful insect  is  a  native  of  Surinam,  and  many  other  parts  of 
South  America,  and  during  the  night  diffuses  so  strong  a  splen- 
dour from  its  head,  that  it  may  be  employed  for  the  purpose  of 
a  candle  or  torch  ;  and  it  is  said,  that  three  or  four  of  the 
insects  tied  to  the  top  of  a  stick,  are  frequently  used  by  travel- 
lers for  that  purpose.  2.  The  fulgora  candelaria  is  a  smaller 
species  than  the  preceding,  and  is  a  nati\e  of  China.  3.  Fulgora 
diadema  is  an  Indian  species  ;  its  colour  is  blown,  with  red  and 
yellow  variegations ;  in  size  it  is  nearly  similar  to  that  of  the 
preceding  species. 

FULICA,  the  Gallinule  and  Coot,  a  genus  of  birds  of  the  order 
of  gallac,  of  which  there  are  2.5  species,  18  of  which  belong  to 
the  gallinule  division,  distinguished  by  having  the  toes  fur- 
nished with  broad  scalloped  membranes  ;  and  seven  comprehend 
the  coots,  which  have  the  toes  divided  to  their  origin.  The 
atra,  or  common  coot,  has  a  bald  forehead,  a  black  body,  and 
lobated  toes,  and  is  about  15  inches  in  length.  They  frequent 
lakes  and  still  rivers  ;  making  their  nests  among  the  rushes, 
with  grass,  reeds,  &c.  floating  on  the  water,  so  as  to  rise  and 
fall  with  it. 

PULL  AND  By,  the  situation  of  a  ship  with  regard  to  the 
wind,  when  she  is  close-hauled,  and  sailing  in  such  a  manner 
as  neither  to  steer  too  nigh  the  direction  of  the  wind,  nor  to 
deviate  from  it ;  or  it  is  when  a  ship  is  as  close  as  she  w  ill  lie 
to  the  wind  without  suffering  the  sails  to  shiver;  hence.  Keep 
her  Full,  is  the  order  to  the  helmsman,  not  to  incline  too  much 
to  windward,  and  thereby  shake  the  sails,  which  would  retard 
the  ship's  velocity. 

FULLER,  a  workman  employed  in  the  woollen  manufac 
4s 
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tories  to  mill  or  scour  cloths,  serges,  and  other  stuffs,  in  order 
to  render  them  more  thick,  compact,  and  durable. 

FULLER'S  Earth,  a  well-known  mineral,  «;enerally  of  a 
greenish  white  colour,  more  or  less  mixed  with  brown,  gray,  or 
yellow;  of  a  soft  and  friable  texture,  and  somewhat  unctuous 
to  the  touch.  When  thrown  into  water,  it  immediately  absorbs 
it,  and  breaks  down  into  a  fine  pulp.  Its  great  utility  in 
removing:  grease  from  woollen  cloths,  and  other  fabrics,  has 
given  this  earth  a  great  value  in  commerce,  and  its  exportation 
is  prohibited  under  very  severe  penalties.  There  are  very 
extensive  beds  of  this  earth  in  several  counties  in  England,  as 
Kent,  Surrey,  Sussex,  and  at  Wavedon,  near  Woborn,  in  l}ed- 
fordshire.  In  no  country  in  the  world  is  such  excellent  fuller's 
earth  produced  as  at  Wavedon.  We  have  noticed  the 
valuable  property  of  this  earth,  of  taking  grease  out  of  woollen 
and  other  cloths,  which,  on  a  large  scale,  is  effected  by  the 
operation  called  fulling,  whence  its  name  has  been  derived. 
This,  which  is  performed  by  a  kind  of  water-mill,  called  a 
fulling-rnill.  is  particularly  necessary  with  respect  to  new 
cloths,  for  the  purpose  of  depriving  them  of  the  grease  and  oil 
which  has  been  used  in  their  preparation. 

In  the  dressing  of  cloth,  this  earth  is  so  indispensable,  that 
foreigners,  although  titey  can  procure  the  wool,  are  never  able, 
without  fuller's-eartli,  to  reach  the  perfection  of  the  English 
cloths  ;  and  in  this  country  incalculable  quantities  of  it  are  con- 
sumed. As  an  article  of  domestic  utility,  it  might  be  more 
frequently  used  than  it  is  for  the  cleaning  and  scouring  of 
wooden  floors  and  wainscots.  In  this  respect  it  might  be 
rendered  an  excellent  substitute  for  soap.  See  Woollen 
Cloths. 

FULLING,  the  act  of  cleansing,  scouring,  and  pressing, 
stuffs,  cloths,  stockings,  &c.  to  render  them  stronger,  firmer,  and 
closer  ;  called  also  milling,  because  these  cloths  are  in  fact 
scoured  by  a  water  mill.  The  principal  parts  of  afulliyty-mill 
are,  the  wheel  with  its  trundle,  which  gives  motion  to  the  tree 
or  spindle,  whose  teeth  communicate  that  motion  to  the  pestles 
or  stampers,  which  fall  into  troughs,  wherein  the  cloth  is  put 
with  fuller's  earth  to  be  scoured,  and  thickened  by  this  process 
of  beating  it. 

FULMINATING  Vowdek,  {(rota  fiilmino,  to  tlmmler,)  is  a 
prepared  powder  which  explodes  upon  the  application  of  cer- 
tain degrees  of  heat,  with  instantaneous  combustion  and 
prodigious  loud  noise. 

Simple  fulminating  powder,  without  any  metallic  substance,  is 
thus  prepared  ;  take  three  parts  of  nitre,  two  of  purified  pearl- 
ash,  and  one  of  tlowers  of  sulphur;  mix  the  whole  very  accu- 
rately in  an  c;irlhen  mortar,  and  place  it  on  a  tile  or  plate 
before  the  fire  till  it  is  perfectly  dry  ;  then  transfer  it  while  hot 
into  a  ground  stopper  bottle,  and  it  may  be  kept  without  injury 
for  any  length  of  time.  lu  order  to  experience  its  effects,  pour 
from  ten  to  forty  grains  into  an  iron  ladle,  and  place  it  over  a 
slow  fire  ;  in  a  short  time  the  pow  dcr  becomes  brown,  and 
acquires  a  pasty  consistence;  a  blue  lambent  flame  then 
appears  on  the  surface,  and  in  an  instant  after  the  whole  ex- 
plodes with  a  stunning  noise  and  a  slight  momentary  flash. 
If  the  mass  be  removed  from  the  fiie  as  soon  as  it  is  fused,  and 
kept  in  a  dry  w  cll-closed  vial,  it  may  at  any  time  be  exploded 
by  a  spark,  in  which  case  it  burns  like  gunpowder,  but  more 
rapidly  and  with  greater  detonation  ;  but  this  effect  cannot  be 
produced  on  the  uninelted  powder,  how  accurately  soever  the 
ingredients  of  it  are  mixed  together.  When  fulminating  pow- 
der is  in  fusion,  but  not  heated  to  the  degree  necessary  to 
produce  the  blue  flame,  a  particle  of  ignited  charcoal  thrown 
upon  it  will  occasion  immediately  a  remarkably  loud  explosion. 
It  appears,  that  the  ingredients  of  this  powder  do  not  acquire 
their  fulminating  property  till  combined  by  fusion ;  in  other 
words,  till  the  potash  of  sulphur  form  sulp'iuret  of  potash  ; 
whence  fulminating  powder  may  also  be  made  by  mixing  sul- 
phuret  of  potash  with  nitre,  instead  of  by  adding  the  sulphur 
and  alkali  separate.  In  all  these,  the  cause  of  the  detonation 
or  fulmination  is  not  accurately  understood.  In  simple  fulmi- 
nating powder,  there  is  a  very  large  portion  of  elastic  gas 
evolved;  in  fulminating  gold  or  silver,  a  much  smaller;  yet 
the  explosion  in  the  latter  case  is  infinitely  greater  than  that 
in  the  former. 

Fulminating  Gold.     Dissolve  pure  gold  into  muriatic  acid  to 


saturation,  and  dilute  the  solution  with  three  times  its  bulk  of 
distilled  water,  and  add  to  it  gradually  some  pure  ammonia  ; 
a  yellow  precipitate  will  be  obtained,  which  must  be  repeatedly 
washed  with  distilled  water,  and  dried  on  a  chalk  stone,  or  in 
a  filter.  When  dry,  it  is  called  fulminating  gold,  and  detonates 
by  heat,  as  may  be  shewn  by  healing  a  few  grains  of  it  on  the 
point  of  a  knife  over  the  candle. 

Fulminating  Silver.  Dissolve  fine  silver  in  pale  nitric  acid, 
and  precipitate  the  solution  by  lime  water  ;  decant  the  fluid, 
mix  the  precipitate  with  liquid  ammonia,  and  stir  it  till  it 
assumes  a  black  colour;  then  decant  the  fluid,  and  leave  it  in 
the  air  to  dry.  This  product  is  fulminating  silver,  which  can- 
not even  be  touched  without  producing  a  violent  explosion. 
Its  preparation  is  so  hazardous,  that  it  ought  not  to  be 
attempted  without  a  mask,  with  strong  glass  eyes,  upon  the 
face.  No  more  than  a  single  grain  ought  at  any  time  to  be  tried 
as  an  experiment. 

Mr.  Chenevix  has  invented  a  less  dangerous  fulminating  sil- 
ver, which  is  thus  prepared:  Diffuse  a  quantity  of  alumina 
through  water,  and  let  an  abundant  current  of  chlorine  gas 
pass  through  it.  Then  digest  some  phosphate  of  silver  on  the 
solution  of  the  chlorate  of  alumina,  and  evaporate  it  slowly. 
The  produce  will  then  be  a  hyperchlorate  of  silver,  a  single 
grain  of  which,  in  contact  with  two  or  three  of  sulphur,  will 
explode  violently  with  the  slightest  friction. 

Fulminating  iVereury.  The  mercurial  preparations  which 
fulminate  when  mixed  with  sulphur,  and  gradually  exposed  to 
a  gentle  heat,  are  well  known  to  chemists  ;  they  were  discovered 
by  Mr.  Bayen. 

Mercury,  and  most,  if  not  all  its  oxides,  may,  by  treatment 
with  nitric  acid  and  alcohol,  be  converted  into  a  w  liitish  crystal- 
lized powder,  possessing  all  the  inflammable  properties  of 
gunpowder,  as  well  as  many  peculiar  to  itself. 

FUNCTION,  Animal,  applied  to  the  actions  of  the  body,  is 
by  physicians  divided  into  vital,  animal,  and  natural.  The 
vital  functions  are  those  necessary  to  life,  and  without  vthich 
the  individual  cannot  subsist ;  as  the  motion  of  the  heart, 
lungs,  &c.  The  natural  functions  are  those  which  the  body 
cannot  subsist  any  considerable  time  without,  as  the  digestion 
of  the  aliment  and  its  conversion  into  blood.  Animal  functions 
include  the  stnses  of  touching,  tasting  &c.  memory,  judgment, 
and  voluntary  motion. 

FuNcrioN.  A  quantity  is  said  to  be  a  function  of  another 
quanlity,  when  its  value  depends  on  that  quantity  and  known 
quantities  only  ;  and  it  is  said  to  be  a  function  of  several  quan- 
tities, when  its  value  depends  on  those  quantities  and  known 
quantities  only. 

FUNDAMENTAL  Note,  in  Music,  the  principal  note  in  a 
song  or  composition,  to  which  all  the  rest  are  adapted  :  it  is 
also  called  the  key  to  the  song. 

FUNDS,  the  Public,  in  a  political  sense,  mean  the  money 
lent  by  the  nation  to  government,  and  know  n  as  the  National 
Debt,  and  for  which  the  lenders,  or  their  assignees,  receive 
interest  from  revenues  allotted  for  that  purpose.  For  upwards 
of  a  century  past,  the  war  expenses  of  the  government  have  far 
exceeded  the  produce  of  the  taxes  ;  hence  the  government  has 
been  compelled  to  borrow  on  the  security  of  the  taxes  on  pro- 
perty ;  and  the  accumulated  national  debt,  at  the  present  time, 
is  estimated  at  about  830  millions,  for  the  re-payment  of  which, 
and  its  interest,  31  millions,  all  the  property  of  the  country, 
stands  mortgaged.  The  interest  of  this  debt  is  regularly  paid 
at  the  Bank  of  England  from  the  produce  of  the  taxes.  Hence 
it  is  that  persons  who  have  spare  money  either  gladly  subscribe 
to  loans,  or  purchase  of  public  creditors  their  shares  of  the 
public  debt,  called  .V(oc/f.  There  are  several  kinds  of  stock  or 
funds,  according  to  the  annual  interest,  as,  3  per  cent,  stock; 
3J  per  cent,  stock  ;  and  4  per  cent,  stock. 

To  purchase  stock,  or  to  put  money  in  the  stocks,  is  to 
liecomc  a  creditor  of  the  nation,  by  buying  a  title  to  so  much 
interest.  Of  course,  the  price  of  stock  varies  according  as 
money  is  more  or  less  plentiful,  as  there  are  more  or  fewer 
buyers,  and  as  the  opinion  of  public  credit  is  high  or  low.  As 
£I0(>  produces  5  per  cent,  at  lawful  interest,  the  4  per  cent,  is 
at  par  at  £80  ;  the  3i  at  £70 ;  and  the  3  per  cent,  at  £00.  I'he 
sloi-ks  are  high  or  low,  as  Ihey  produce  less  or  more  than  legal 
interest,  and  as  they  vary  above  or  below  par. 
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Sinking  Fund.  In  orilcr  to  pay  off  the  national  debt,  Dr. 
Price  suggested,  in  17H0,  an  expedient  of  reservini;  a  million 
per  annum.  Hitli  whicli  to  purchase  stock  for  the  public,  and  to 
apply  all  its  interest  in  further  purchases,  so  that  the  fund 
.should  increase  in  the  ratio  of  compound  interest.  Upwards 
of  three  hundred  thou.sand  per  annum  was  afterwards  added, 
and  the  whole  called  T/ie  Sinking  Fund.  A  farthc^  plan  of 
repayment  was  adopted  in  1792,  of  appropriating  one  pound  of 
every  hundred  borrowed  in  future,  to  the  same  principle  of 
accumulation,  it  being  known  that  one  pound  at  compound 
interest  will  produce  £9S)  in  94  years,  or  £00,  the  par  price  of 
the  .3  per  cents,  in  84  years.  The  accumulation  of  these  vari- 
ous means  had  enabled  the  public  commissioners  on  the  1st  of 
February,  1814,  to  redeem  234  millions  of  the  debt,  to  buy  up, 
and  to  make  annual  purchases  of  upwards  of  eleven  millions, 
so  that  the  whole  of  the  present  debt  may  be  redeemed  by 
tlicse  means  within  forty  years  ;  supposing,  as  was  actually 
done  in  182,'!,  tliat  five  or  six  millions  annually  can  be  appro- 
priated to  this  fund. 

The  expenses  of  the  jfovernment,  or  the  supplies  required  of 
parliament,  amounted,  in  1814,  to  nearly  120  million's  per 
annum,  of  which  28  millions  were  for  the  navy ;  39  millions  for 
the  army  and  ordnance  ;  33  millions  for  the  interest  of  the 
national  debt ;  and  the  rest  for  the  civil  list  and  miscellaneous. 
During  the  year  ending  January  5,  1822,  the  public  expendi- 
ture was  above  21  millions,  of  which  five  millions  and  a  half 
were  for  the  navy,  and  nine  millions  and  a  quarter  for  the  army 
and  ordnance,  two  millions  for  the  civil  list,  &c.  and  five  millions 
for  interest  of  exchequer  bills  and  sinking  fund,  over  and  above 
the  interest  of  the  public  debt,  amounting  to  31  millions. 

The  ways  and  tneavs  for  raising  the  above  supplies  are,  by 
duties  of  customs  and  excise  ;  by  assessed  taxes,  by  stamp  and 
legacy  duties,  and  by  licenses  of  vaiicus  kinds. 

FUNGI,  the  name  of  the  4th  order  of  the  24th  class  of  vege- 
tables, in  the  Linnacan  system,  comprehending  the  mushroom 
kind.  This  order  in  Linnaeus  contains  10  genera.  The  ancients 
called  fungi  children  of  the  earth,  lo  indicate  the  obscurity  of 
their  origin.  The  moderns  have  likewise  been  at  a  loss  in  what 
rank  to  place  them  ;  some  referring  them  to  the  animal,  some 
to  the  vegetable,  and  others  to  the  mineral  kingdom.  Messrs. 
Wilck  and  Munchausen  have  not  scrupled  to  rank  them  in  the 
number  of  animal  productions  ;  because  when  fragments  of 
them,  or  their  seed,  were  macerated  in  water,  they  perceived  a 
quantity  of  animalcules  discharged,  which  tliey  supposed  capa- 
ble of  being  changed  into  the  same  substance. 

The  mushroom  is  one  of  the  most  perishable  of  plants,  and 
therefore  the  most  favourable  for  the  generation  of  insects. 
Considering  the  quickness  of  its  growth,  it  nmst  be  furnished 
with  a  power  of  copious  absorption  ;  the  extremities  of  its 
vessels  must  be  more  dilated  than  in  other  plants.  Its  root 
seems  in  many  cases  to  be  merely  intended  for  its  support;  for 
some  species  grow  upon  stones  or  niovcidjle  sand,  from  which 
it  is  impossible  that  they  can  draw  much  nouiishment.  We 
must  therefore  suppose,  that  it  is  chiclly  by  the  stalk  that  they 
absorb.  These  stalks  grow  in  a  moist  and  tainted  air,  in  which 
float  mullitudes  of  eggs,  so  small,  that  the  very  insects  they 
produce  are  with  difficulty  seen  by  the  mi<;roscope.  A  quantity 
of  these  eggs  are  probably  absorbed  by  the  vessels  of  the  fun- 
gus, and  remain  there  without  any  change,  till  the  plant  begins 
to  decay. 

FUNGUS,  in  Surgery,  denotes  any  spongy  excrescence. 
FUNICULARMachink,  is  a  term  used  to  denote  an  assem- 
blage of  cords,  by  means  of  which  two  or  many  powers  sustain 
one  or  many  weights.  This  is  classed  by  some  authors 
among  the  simple  mechanical  powers,  and  is  the  simplest  of 
them  all.  In  order  to  find  the  law  of  equilibrium  in  this 
machine,  we  must  first  reduce  all  the  powers  which  meet  at  one 
point  to  a  sin{|,le  power,  by  the  method  ofcomposition  of  forces  ; 
which  single  power  must  act  in  the  direction  of  the  cord, 
this  being  evidently  necessary  for  establishing  an  e(|uilibrium  ; 
following  this  method,  we  may  reduce  all  tlio  powers  which 
act  on  different  pointsof  the  cord,  to  a  system  of  powers  acting 
111  the  same  point.  Then  to  establish  the  pcifcct  equilibrium, 
reduce  these  powers,  which  act  all  on  the  same  point,  to  one 
equivalent  power,  and  we  shall  liavc  two  powers  only,  which 
ought  to  be  equal,  and  acting  in  contrary  directions. 


FUR,  in  Commerce,  the  skin  of  a  wild  beast  dressed  in 
alum,  with  the  hair  on ;  anil  used  as  part  of  dress  b>  persons 
ofevery  rank,  according  ascustom,  etiquette,  caprice,  or  wealth, 
may  dictate.  The  principal  part  of  the  furs  sold  in  Britain 
come  from  our  possessions  in  Canada,  or  are  brought  thither 
to  the  merchants  by  the  Indians  ;  and  in  one  year  there  are 
usually  purchased, 

0,000  Lynx  skins, 
COO  Wolverine  do. 
1.C60  Fisher  do. 


lOh'.OOO  Beaver  skins, 

2,1(10  Bear  do. 

1,500  Fox     do. 

4,000  Kite  fox  do. 

4,(i00  Otter  do. 

17,000  Musquash  do. 

32,000  Marten  do. 

1,800  Mink  do. 


100  Rackoon  do. 
■3,800  Wolf  do. 

700  Elk  do. 

750  Ueer  do. 
1,200  Ditto,  ilressed, 


500  Buffalo  robes,  and  an  immense  quantity  ofcastoreum. 

All  which  are  received  in  exchange  for  goods  shipped  from 
this  country,  as  coarse  woollen  cloths,  blankets,  arms,  ammu- 
nition, tobacco,  Manchester  and  Glasgow  goods,  linens,  sheet- 
ings, thread,  hardware,  cutlery  and  ironmongery,  kettles,  pots, 
shoes,  hats,  hose,  spirits,  &c. 

This  will  be  better  illustrated  by  the  following  statement: — 
We  will  suppose  the  exchange  to  be  made  in  the  Indian 
country  in  1824-6. 

The  order  for  the  goods  vpas  sent  to  this  country, 
London,  for  example, 25th  October,        1821. 

They  are  shipped  from  London, March,  1822. 

They  arrive  in  Montreal June,  1822. 

They  are  maile  up  in  parcels,  of  90  lbs.  weight  each,  in 
the  course  of  that  summer  and  winter, 1822. 

5.  They  are  sent  from  Montreal, May,  1823. 

6.  They  arrive  in  the  Indian  country,  and  are  exchanged 

for  furs  in  the  following  winter, 1823 — 1824. 

7.  Which  furs  come  to  Montreal, September,      1824. 

8.  And  are  shipped  for  London,  where  they  are  sold  in 

March  and  April,  and  paid  for  in  May  or  June, ....    1825. 

Thus  the  merchants  lie  out  of  their  money  three  years,  from 
the  lime  they  purchase  the  commodities  in  England  till  they 
receive  their  returns,  and  in  all  fouryeais  are  consumed  before 
one  order,  and  its  consequent  sales,  are  completely  closed. 

FURLING,  the  operation  of  wiapping  or  rolling  a  sail  close 
up  to  the  yard,  stay,  or  mast,  to  which  it  belongs,  and  winding 
a  gasket  or  cord  about  it,  to  fasten  it  thereto.  Furling  in  a 
ISoily,  is  a  particular  method  of  rollinj,' up  a  topsail,  only  prac- 
tised in  harbour,  and  is  performed  by  gathering  all  the  loose 
part  of  the  sail  into  llie  lop  about  the  heel  of  the  top-mast, 
whereby  the  yard  having  as  little  rolled  on  it  as  possible, 
appears  much  thinner  and  lighter  than  when  the  sail  is  furled 
in  the  usual  manner,  which  is  sometimes  termed,  for  distinction 
sake,  furling  in  the  bunt.  Furling  I.tne,  denotes  a  cord  employed 
in  this  operation.  Furlins;  Lines  are  generally  flat,  and  are 
known  by  the  name  of  gaskets. 

FURLONG,  a  long  measure,  equal  to  one-eighth  of  a  mile,  or 
forty  poles.  It  is  also  used  in  souie  law  books,  for  the  eighth 
part  of  an  acre. 

FURNA(;E.  is  a  vessel  or  building  for  the  purpose  of  con- 
taining eombustiblo  and  fusible  matters,  whether  of  coal,  or 
wood,  or  metal,  and  so  constructed,  that  great  heat  may  be 
produced  and  concentrated.  Furnaces  are  as  various  as  the 
purposes  to  which  they  are  a|iplieil  ;  but  the  requisites  of  a 
good  furnace  are,  1.  To  be  able  to  concentrate  the  heat,  and 
direct  it  as  much  as  possible  to  the  substances  to  be  acted 
upon.  2.  To  prevent  the  dissipation  of  the  heat  after  it  is 
produced.  3.  To  obtain  the  greatest  quantity  of  heat  from  the 
smallest  quantity  of  fuel :  and  4.  To  be  able  to  regulate  at 
pleasure  the  necessary  degree  of  heat,  and  have  it  wholly  at  the 
artist's  management.  As  far  as  furnaces  wire  necessarily 
connected  with  the  word  ('kcmisln/,  we  noticed  them  under 
that  article  :  we  shall  in  this,  thouch  it  be  in  fact  but  a  more 
extensive  application  of  chemistry,  describe  some  particular 
furnaces.  We  premise,  however,  that  under  the  word  Bi  (.- 
LOW  s,  we  have  shewn  how  a  continued  lilast  may  be  kept  up  in 
any  forge  or  furnace. 
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Fig.  1. 


Furnace/u>-  Consximing  its 
men  5m«*e.— Fis- 1  represents 
a  vertical  section,  and  fig.  2  a 
front  view  of  a  steam  boiler, 
furnished   with   a  smoke  con- 
suming furnace,  and  the  same 
letters   refer   in  both   to  the 
same  parts  of  the  construction. 
The    opening    A,    through 
which  the  fuel  is  introduced 
into   the  fuinace,   is   shaped 
somewhat  like  a  hopper,  and  J 
is  made  of  cast  iron,  built  into     i 
the  brick  work  H.  H.     From 
the  mouth  it  inclines  down- 
ward to  the  place  where  the 
fire  rests  at  the  bottom  of  the 
grate  B.     The  coals   in  this 
hopper  answer  the  purpose  of 
a  door,    and   those   that   are 
lower  are  brought  into  a  state 
of  ignition    before    they    are 
forced   into  the   furnace.     A 
shutter  of  thin  plate-iron  is 
sometimes  laid  over  the  hop- 
per, to  prevent  the  entrance 


„::rI;::K;-:';;i:;:: 
Sf  air' by  that  passage.     Be-  "-rid;:::;!:: 
low  the   lower   plate   of  the  |;:i;;:!p.r]j:::i;:: 
hopper  K,  e  the   furnace  is  |.:;i::;|j;:i::::..:;i:: 
provided  with  a  grated  door  J--X~ 

G,  kept  in  its  position  by  the  '~!^^ 

catch  L  which  not  only  serves  -  i,  uo„i, 

to  adn!^  air  to  the  fuel,  but  allows  the  workmen  to  push  back 
he  fuel  from  time  to  time  from  c  to  </  to  "-''e  room  for  fresh 
quantities  to  fall  into  the  furnace  from  the  hopper  The  refuse 
of  the  fuel  is  cleared  out  by  opening  the  grated  door  T  e 
smoke  passes  from  the  raw  coals  over  those  burning,  by  the 
Teas'  I  before  it  can  reach  the  flue  F  F  F.  In  this  way  it  s 
burned,  and  but  a  small  quantity  escapes  up  the  chimnej . 
However,  by  a  simple  contrivance  of  a  cast-iron  plate  an 
"bove  the  fuel,  a  space  is  left  between  it  and  the  hopper  for 
the  admission  of  fresh  air,  a  thin  stream  of  which  rushing 
down  the  opening,  comes  in  contact  with  the  smoke  given  ou  I  bj 
the  freshest  coal!  and  mixing  with  it  in  its  passage  over  the  fuel 
in  a  hi<rh  state  of  combustion,  enables  it  to  enflame  it  so  com- 
uletely  that  not  a  particle  of  smoke  ever  escapes  undecomposed. 
^i/«.  Furnace  /or  Smelting  Iron,  with  part  of  the  Blowing 
Machine.     A  is  the  regulating  cylinder,  8  teet  diameter,  and 

8  feet  hi-h.  B,  the  floating  piston,  loaded  with  weights  pro- 
portionate to  the  power  of  ?he  machine.  C,  the  valve  by  which 
ll°eair  is  pressed  from  the  pumping  cylmder  into  the  regula- 
tor •  its  len-th  26  inches,  and  breadth  U  inches.  D,  Uie  aper- 
tur;  by  which  the  blast  is  forced  into  the  furnace  Diameter 
of  this  range  of  pipes,  ISinches  ;  the  wider  the  be  ter,  as  occa- 
sioning less  friction,  and  affording  a  more  powerful  column  of 
air.     E  is  the  blowing  or  pumping  cylinder    0  feet  diameter 

9  feet  high  :  journey  of  the  piston  in  tins  cylinder,  from  o  to  7 
feet  per  stroke.     F  is  the  blowing  piston,  and  a  view  of  one  of 
the  valves,  of  which  there  are  sometimes  two,  sometimes  tour 
distributed  over  the  surface  of  the  piston.     G,   a  pile  of  solid 
stone  building,  ou  which  the  regulating  cylinder  rests   and  to 
which  the  flauch  and  tilt  of  tlie  blowing  cylinder  are  attached. 
H    the  safety  valve,  or  cock;  by  the  simple  turning  of  which 
the  blast  may  be  admitted  to  or  shut  off  from  the  furnace   and 
passed  off  to  a  collateral  tube  on  the  opposite^  side.     I   the 
tuvere    by  which  the  blast  enters  the  furnace.     The  end  of  the 
tapered  pipe,  which    approaches   the    tuyere,    receives    small 
nines  of  various  diameters,  from  2  to  3  inelies,  called  Ho*e;)i/)es, 
which  are  applied   at  pleasure,  and  as  the  strength  and  velo- 
city of  the  blast  may  require.     K,  the  bottom  of  the  hearth, 
"  feet  square.     L,  the  top  of  the  hearth,  2-  feet  square.     K  L, 
the  height  of  the  hearth,  65  feet.     L  is  also  the  bottom  of  the 
bushest  which   terminate  of  the  same  size  as  the  top  of  the 
hearth   only  the  former  are  round  and  the  latter  square.     M, 
the  top  of  the  bushes,  12  feet  diameter,  and  8  feet  perpendicu- 
lar     N    the  top  of  the  furnace,   at  which   the  materials   are 


charged,  commonly  3  feet  diameter.  N  N,  the^ internal  cavity 
of  the  furnace  from  the  top  of  the  bushes,  30  feet  high  N  R. 
total  height  of  the  internal  parts  of  the  furrlace,  44^  leet.  u  \J, 
the   lining  of  fire-bricks,  13  inches  long,  and   3  inches  thick. 


PP  a  sna^ct'^Wotud,  three  inches  broad,  filled  with  coka 
^u^t'  to^allow  tor  expansions  and  contractions  of  the  inner 
brick  1  nin-.  Q  Q,  the  second  lining,  similar  to  the  first.  R, 
aTast-rn"  Intel,  on  which  the  bottom  of  the  arch  is  supported 
RS  the  r"se  of  the  arch.  S  T,  the  height  of  the  arch  on  he 
ouUide  Ufeet,  and  18  feet  wide.  VV,  the  extremes  of  the 
rlrfl,  10  feet  snuare.  This  and  the  bush  stones  are  usually 
S  Von.  a'eoa?se-g  ained  freestone,  whose  fracture  presents 
rar^eounded  grains  of  quartz,  connected  by  means  of  cemeat 
iar_,e  rounucu  ^  i         ,  „„,„^pnt<!  the  foundation  of  the 


less  pure. 


Fi"-  l'  represents  the  foundation  of  the 
furnace,  and  a  full  view  of  the  manner  in 
which  the  false  bottom  is  constructed. 
A  A,  in  the  upper  figure,  the  bottom  stone 
of  the  hearth.  B,  in  the  same  figure,  is  a 
stratum  of  bedding  sand.  C  C,  pas- 
sa'^es  by  which  the  vapours,  which  may  be 
generated  from  the  damps,  are  passed 
off.  D,  D,  pillars  of  brick.  The  letters 
in  the  horizontal  view  of  the  same  figure, 
correspond  to  similar  letters  in  the  dot- 
ted elevation.  . 

Fi<^.  2,  A  A,  horizontal  section  ot  the 
diameter  of  the  boshes,  the  lining  and 
vacancy  for  stuffing  at  M.  C,  is  a  view 
of  the  top  of  the  hearth  at  L. 

Fi"-.  3.  A  vertiral  side  section  of  the 
bushes  and  hearth,  shewing  the  tymp 
and  dam  stones,  and  the  tymp  and  dam 
plates.  0,  the  tymp  stone,  t,  the  tyinp 
plate,  which  is  wedged  firmly  in  the 
s'one  to  keep  it  firm  in  case  of  splitting 
by  the  great  heat.  C,  the  dam  stone, 
which  occupies  the  whole  breadth  of  the 
bottom  of  the  hearth,  excepting  about 
6  inches,  which,  when  the  furnace  is  at 
work,  is  filled  every  cast  with  strong 
sand  Tliis  stone  is  surrounded  by  an 
iron  plate  of  considerable  thickness,  and 
of  a  peculiar  shape,  rf,  and  from  this 
called  the  dam  plate.  The  top  of  the 
dam  stone  and  plate  is  two,  three,  or 
four  inches  under  the  level  of  the  tuyere 
bole      The  space  betwixt  the  bottom  of 
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the  tymp  and  tlie  dotted  line  is  rammed  full  of  stroii;;  sand, 
and  sometimes  tine  elay.  This  is  called  the  tjmp  stopping, 
and  prevents  any  part  of  the  blast  from  being  unnecessarily 
expended. 

The  furnace  being  finished,  the  bottom  and  sides  of  it,  for 
two  feet  up  the  square  funnel,  receive  a  lining  of  common  brick 
upon  edge,  to  prevent  the  stones  from  shivering  or  mouldering, 
when  the  fire  conies  in  contact  with  it.  On  the  front  of  the 
furnace  is  ercctccj  a  temporary  fire-place,  about  4  feet  long, 
into  the  bottom  of  which  are  laid  corresponding  bars.  The 
side  walls  are  made  so  high  as  to  reach  the  under  surface  of 
the  upper  tymp  stone  ;  excepting  a  small  space,  which  after- 
wards receives  an  iron  plate  IJ  inch  thick,  by  way  of  cover. 
This  also  prevents  tbc  tymp  stone  from  injury  by  the  flame.  A 
fire  is  now  lighted,  and  fed  witli  small  coals,  and  as  the  whole 
cavity  of  the  furnace  serves  as  a  chimney  for  this  fire,  the 
draught  is  consequently  violent,  and  the  volume  of  heat  car- 
ried up  is  very  considerable.  In  the  course  of  three  weeks, 
the  furnace  will  be  sulTiciently  dried  for  the  reception  of  the 
iron  materials.  By  the  introduction  of  a  few  baskets  of  loose 
fuel  and  coke,  upon  the  bottom  of  the  furnace,  then  more,  and 
soon,  as  it  ignites,  the  furnace  is  filled,  or  St'is  filled.  The 
furnace  before  us  will  contain  9f»0  baskets  of  coke,  each  1 10  lbs. 
or  99,0001bs.  of  coke  in  all;  and  every  third  day  this  is 
renewed,  when  the  furnace  is  fully  worked.  The  operation  of 
the  furnace  is  kept  up  by  specific  quantities  of  coke,  iron- 
stone, and  blast-cinders,  being  added.  The  descent  of  the 
charge  is  facilitated  by  opening  the  furnace  below  two  or  three 
times  a  day,  throwing  out  the  cold  cinders,  and  admitting  for 
an  hour  or  two  a  fresh  body  of  air,  when  the  iron-stone  begins 
to  fuse,  and  drop  like  lava  through  the  iron  bars.  The  filling 
above  is  regularly  continued  till  the  furnace  acquires  a  good 
heat  above,  and  then  the  blast  is  introduced  as  follows  : 

The  dam  stone  is  laid  in  its  place,  firmly  imbedded  in  fine 
clay;  the  dam  plate  is  again  imbedded  on  this  with  the  same 
cement,  and  is  subject  to  the  same  inclination.  A  channel  is 
made  for  the  scoria,  down  whicli  it  Hows  in  large  quantities. 
The  tuyere  hoSe  is  now  opened,  and  lined  with  a  mixture  of  fine 
clay  and  loam, — the  blast  is  introduced,  at  first  with  a  small 
discharging  pipe,  which  is  afterwards  increased,  and  in  a  few 
hours  a  ([uantity  of  lava  will  be  accumulated.  By  various 
minor  operations,  the  metal  is  finally  conducted  into  moulds,  or 
sous,  and  when  detached  from  these,  is  ti-rnud  pii/  iron.  In 
six  days  after  the  commencement  of  blowing,  the  furnace  ought 
to  have  worked  itself  clear. 

Iron  is  a  well-known  metal,  of  a  livid  grayish  colour,  hard 
and  elastic,  and  capable  of  receiving  a  high  polish,  lis  weight 
is  nearly  eight  (imcs  as  great  as  that  of  water.  It  is  seldom  found 
in  a  native  state,  but  occurs  abundantly  in  almost  every  coun- 
try of  the  world  in  a  slate  of  oxydc,  ai\d  mineralized  with  sul- 
phuric, caibouic,  and  other  acids.  It  is  found  in  plants,  in 
several  kinds  of  coloured  stones,  and  even  in  the  blood  of 
animals.  After  iron  ore  has  been  dug  out  of  the  earth  it  is 
broken  into  STi;alI  pieces  by  machinery,  tlien  w  ashed,  to  detach 
the  grosser  particles  of  earth  which  adhere  to  it;  then  thrown 
into  a  furnace,  as  described  above,  mixed  with  a  certain  por- 
tion of  limestone  and  charcoal,  for  the  purpose  of  being  melted. 
Near  the  bottom  of  each  furnace  there  is  a  lap-hole,  through 
whicli  the  liquid  metal  is  discharged  into  the  furrows  of  a  sand 
bed.  The  larger  mass,  or  that  which  Hows  into  the  main  furrow, 
is  ('ailed  a  sow;  the  smaller  ones  are  denominated  pigs  of  iron  ; 
and  the  general  name  of  the  melal  in  this  state  is  cii.it  iron. 

Cast  iron  is  distinguishable  by  its  proi)cr(ies  of  being,  in 
general,  so  hard  as  to  resist  both  the  hammer  and  the  file, 
being  extremely  brittle,  and  for  the  most  part  of  a  dark  gray 
or  blackish  colour.  A  great  number  of  useful  and  important 
articles  are  formed  of  cast  iron,  such  as  stoves,  grates,  eliimney 
backs,  pots,  boilers,  pipes,  cannon  shot,  8cc.  These  arc  made 
by  casting  ladles  full  of  the  rough  metal  into  moulds  shaped 
for  the  purpose,  in  sifted  sand. 

Wrought  iron.  The  process  of  converting  cast  iron  into 
wrought  or  malleable  iron,  is  called  bhmmiiuj.  The  east  iron  is 
put  into  a  furnace,  and  melted  by  the  flame  of  combustibles, 
which  is  made  to  play  upon  its  surface,  a  workman  constantiv 
stirring  it,  until,  notwithstanding  the  continuance  of  the  heat, 
it  gradually  acquires  consistency  and  congeals.  It  is  then 
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taken  out  while  hot,  and  violently  beaten  with  a  large  hammer 
worked  by  machinery.  See  Forge  Hummer.  In  this  state  it  is 
formed  into  bars  for  sale.  By  means  of  this  metal  the  carili 
has  been  cultivated.  Without  it,  houses,  cities,  and  ships 
could  not  have  been  built;  and  few  arts  could  have  been  prac- 
tised. It  forms  also  the  machinciy  by  which  the  most  useful 
and  Important  mechanionl  powers  are  generated  and  applied. 

.Steel  is  usually  made  by  a  process  called  cementation.  This 
process  consists  in  keeping  bars  of  iron  in  contact  with  pow- 
dered charcoal,  during  a  state  of  ignition  for  several  hours  in 
earthen  troughs,  or  crucibles,  the  mouths  of  which  are  closed 
up  with  clay.  Steel,  if  heated  to  redness,  and  suffered  to 
cool  slowly,  becomes  soft;  but  if  it  be  plunged  whilst  hot  into 
cold  water,  it  acquires  extreme  hardness.  And  by  heating 
steel  to  dillereut  degrees,  it  receives  different  degrees  of  tem- 
per, from  that  which  renders  it  proper  for  files,  to  that  whicli 
fits  it  for  the  manufacture  of  watch-springs.  .\ll  kinds  of  edge 
tools,  where  excellence  is  required,  are  made  of  steel ;  and  a 
steel  instrument  may  be  known  from  an  iron  one,  by  lettin.: 
fall  upon  it  a  drop  of  aqua-fortis  ;  if  it  be  steel,  this  will  occa- 
sion a  black  spot,  but  if  it  be  iron.  It  will  not  have  this  effect. 

FURNITUKE,  in  IJialling,  certain  additional  points  and 
lines  drawn  on  a  dial,  by  way  of  ornament  rather  than  utilitv, 
such  as  the  signs  of  the  zodiac,  length  of  the  day  s,  parallels  of 
declination,  azimuths,  points  of  the  compass,  meridians  of 
chief  cities.  Baby  Ionic,  Jewish,  or  Italian  towns. 

FUSE,  of  a  Bomb  or  Grenado,  is  that  which  makes  the 
whole  powder  or  composition  in  the  shell  take  fire.  Fuses  are 
chiefly  made  of  dry  beech-wood  or  hornbeam.  The  composi- 
tion of  fuses  is  saltpetre  3,  sulphur  1  and  mealed  powder  .'i, 
4,  or  five  parts. 

FUSEE,  in  Clock  Work,  is  that  part  drawn  by  the  springy, 
and  about  which  the  chain  or  string  is  wound. 

FUSIBILITY,  that  quality  of  metals  which  renders  them 
liquid  ;  or  peihaps.  we  may  dvRncfusihiliti/  to  be  the  property 
in  metals,  which,  when  a  strong  heat  is  applied  to  them,  per 
mils  the  atoms  of  which  they  are  composed,  to  disengage 
themselves,  and  become  soluble  or  fluid.  Gold  is  more  fusible 
than  iron  or  copper; — or,  the  atoms,  of  which  it  is  composed 
have  a  readier  afllnity  to  heat  than  iron  or  copper,  and  do 
thereby  separate  into  an  infinity  of  particles  sooner  than  iron 
or  copper.  But  silver,  tin,  and  lead,  are  dissolved  sooner 
than  gold,  which  shews  that  the  atoms  of  these  metals  have  a 
greater  aflinity  to  the  heat  applied  to  them  than  gold.  Borax 
and  some  other  substances  are  fre(|uenlly  mixed  with  metals 
to  render  them  more  fusible,  which  shews  either  that  the  borax 
augments  tlie  heat,  or  that  a  parli<ular  aflinity  takes  place 
between  the  metal  and  borax,  in  the  afleetion  of  both  to  become 
liquid,  by  their  attraction  or  cohesion. 

FUSILEERS.  in  the  British  service,  are  soldiers  armed  like 
the  rest  of  the  infantry,  with  this  difference,  that  their  muskets 
are  shorter  and  lighter  than  those  of  the  battalion  and  the 
grenadiers. 

FUSION,  the  action  of  fire,  or  rather  of  caloric,  on  solid 
bodies,  by  which  they  are  made  to  pass  into  the  state  of  fluidity, 
and  a  body  rendered  liquid  by  fire  is  said  to  be  in  fusion,  thai 
is,  to  flow  or  melt.  Some  bodies  cannot  be  rendered  fluid  by 
any  heat.  These  are  called  infusible,  or  fire-proof.  Several  of 
them  may,  however,  be  fused  by  adding  other  bodies,  which  arc 
called  fluxes.     See  Fluxes. 

FUST,  or  Fai'st,  John,  a  goldsmith  of  Mentz,  and  one  of 
the  three  artists  who  invented  the  art  of  printing,  (•'uttemlirn/ 
invented  wooden  blocks,  which  resembled  the  stereotype  plates 
of  the  present  day.  Srhtrfcr,  the  son-in-law  of  Fust,  invented 
puiielKS  and  niatriees,  by  means  of  which  this  noble  art  w.is 
carried  to  perfeotion  at  once  :  and  Fust  supplied  money  to 
carry  on  the  business.  Fust  visited  Paris  in  M6ti,  to  sell  a 
second  edition  of  his  Bible,  and  died  of  the  phcrue,  whicli 
earric<l  ofl'  40,000  souls  in  the  months  of  August  and  .Scptcmlur 
alone.  The  monks,  whom  printing  deprived  of  emoluments 
arising  from  the  copying  of  manuscripts,  afterwards  invented 
the  romance  of  Faustus,  the  magician,  and  his  selling  himself 
to  the  devil  for  "24  years,  just  as  John  Tzetzes,  the  monk,  in  bi< 
Chiliads  of  the  Twelfth  Century,  palmed  upon  the  world  the 
romantic  tale  of  Belisarius.  Now  Bclisarius  did  not  lose  his 
sight,  nor  was  he  ever  reduced  to  beggary,  thuUKh,froni  a  coti- 
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spiracy  formed  against  the  veteran  general,  he  was  accused  to 
Justinian  as  a  rebel  :  his  life  was  spared,  but  his  fortunes 
were  sequestered,  and  from  June  to  December  he  was  guarded 
as  a  culprit  in  his  own  palace.  But  at  length  his  innocence 
was  acknowledged,  his  freedom  and  honours  restored,  and 
eight  months  afterwards  lie  died  in  his  own  palace. 

FUSTIAN,  a  cloth  made  of  cotton  yarn,  both  woof  and  warp, 
though  many  cloths  of  this  name  are  made,  of  which  the  warp 
is  flax,  or  even  hemp. 

FUSTIC,  Yellow  Wood.  This  wood,  the  morus  tinctoria,  is 
a  native  of  the  West  Indies.  It  affords  much  colouring  matter, 
which  is  very  permanent.  The  yellow  given  by  fustic  without 
any  mordant  is  dull,  and  brownish,  but  stands  well.  The  mor- 
dants which  are  employed  with  weld,  act  on  it  in  a  similar 


manner,  and  by  their  means  the  colour  is  rendered  more 
bright  and  fixed.  As  it  abounds  more  with  colouring  matter 
than  weld,  a  less  quantity  will  suffice.  The  yellow  of  fustic 
inclines  more  to  orange  than  that  of  weld. 

FUTTOCKS,  the  middle  division  of  a  ship's  timbers,  or  those 
parts  which  are  situated  between  the  floor  and  the  top  timbers. 
Those  next  the  keel  are  called  ground  futtocks,  and  the  rest 
upper  futtocks. 

FvTTOCK  Shrouds,  or  Foot  Hook  Shrouds.  The  epithet  hook 
is  frequently  applied  in  common  language  to  any  thing  bent  or 
incurvated,  and  particularly  to  several  crooked  timbers  in  a 
ship,  as  the  breast-hooks,  fore-hooks,  after-hooks,  &c.  This 
term  is  evidently  derived  from  the  lowest  part  or  foot  of  the 
timber,  and  from  Lh£  shape  of  the  piece. 
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r?  the  seventh  letter  of  our  Alphabet ;  as  a  numeral  it  was 
used  by  the  ancients  to  denote  400,  and  with  a  line  over  it, 
40,000.  In  Music,  it  is  the  mark  of  the  treble  clef;  and  from 
its  being  placed  at  the  head,  or  marking  the  first  sound  in 
Guido's  scale,  the  whole  scale  took  the  name  of  Gamut. 

GABEL,  a  word  in  old  records,  signifying  a  tax,  rent,  custom, 
or  service,  paid  to  the  king  or  lord. 

GABIONS,  in  Fortification,  baskets  made  of  osier-twigs, 
which,  being  filled  with  earth,  serve  as  a  shelter  from  the 
enemy's  fire. 

GABLE,  in  Architecture,  the  upright  triangular  end  of  a 
house,  from  the  eaves  to  the  chimney  top. 

GAD,  among  Miners,  a  punch  of  iron,  with  a  wooden  handle, 
used  to  break  up  the  ore. 

GAD  Fly,  or  Breeze  Fly,  names  given  to  the  black  a^d 
vellow-bodied  oestrus,  a  fly  nearly  as  large  as  the  common  blue 
ilesh  fly. 

GADOLINITE,  a  mineral  found  in  Sweden,  and  called  after 
Gadolin,  who  first  ascertained  its  composition.  The  colour,  a 
black  or  brown.  It  is  brittle,  and  the  specific  gravity  is  4'0497. 
With  borax  it  melts  into  a  topaz-yellow  glass. 

G.\DUS,  the  Cod,  a  genus  of  fishes  belonging  to  the  order  of 
jngulares,  of  which  there  arc  seventeen  species.  The  general 
rendezvous  of  the  cod  fish  is  on  the  banks  of  Newfoundland, 
and  the  coasts  of  Cape  Breton,  Nova  Scotia,  and  New  England. 
The  cod  grows  to  a  very  large  size  :  Mr.  Pennant  mentions  a 
specimen  which  weighed  781bs.  and  measured  5ft.  Sin.  in  length, 
and  5  ft.  in  girlh  round  the  shoulders  ;  but  the  general  weight 
is  from  14  to  40  lbs. 

The  food  of  the  cod  is  small  fish,  worms,  testaceous  or  crus- 
taceous  animals,  such  as  crabs,  8cc.  and  its  digestion  is  so 
powerful  as  to  dissolve  the  greatest  part  of  the  shells  it  swallows. 
The  fishermen  are  well  acquainted  with  the  use  of  the  air  blad- 
der or  sound  of  this  fish,  and  dexterously  perforate  the  living 
fish  with  a  needle  to  let  out  the  air  contained.  The  sounds, 
when  salted,  are  reckoned  a  delicacy.  A  species  of  isinglass  is 
also  prepared  from  this  part  of  the  fish  by  the  natives  of  Iceland. 
The  haddock,  whiting,  dorse,  coal  fish,  ling,  and  turbot,  are  spe- 
cies of  the  cod. 

GAFF,  a  sort  of  boom,  used  in  small  ships,  to  extend  the 
upper  edge  of  the  niizzen,  and  employed  for  the  same  purpose 
on  those  sails  whose  foremost  edges  are  joined  to  the  masts  by 
ho'ops  or  lacings,  and  which  are  usually  extended  by  a  boom 
below  ;  such  are  the  main-sails  of  sloops,  brigs,  and  schooners. 
The  foremost  end  of  the  gaff  is  furnished  with  t«o  cheeks  forming 
a  semicircle,  which  enclose  the  after  part  of  the  mast,  and  is 
secured  in  this  position  by  a  rope  passing  from  one  of  the 
cheeks  to  the  other  on  the  fore  side  of  the  mast,  on  which  are 
strung  several  small  wooden  balls,  called  trucks,  to  lesson  the 
friction  of  the  rope  on  the  mast  when  the  sail  is  hoisting  or 
lowering.  It  is  further  secured  in  this  situation  by  a  rope 
passing'  from  one  of  the  cheeks  to  the  other  on  the  fore  side   of 


the  mast,  and  to  prevent  the  friction  of  this  rope  upon  the  mast, 
by  hoisting  or  lowering,  several  little  wooden  balls,  called 
trucks,  are  hung  npon  it,  in  the  same  manner  as  beads  are  hung 
upon  the  Indians'  strings  of  wampum. 

GAGE,  is  a  term  employed  to  denote  various  instruments 
used  for  measuring  the  state  of  rarefaction  in  the  air-pump, 
variations  in  the  barometer,  &c.  The  Gage  of  the  yliV  Pi/ni/^ 
is  of  a  -variety  of  forms,  as,  the  Barometer  Gaffe,  the  Syphon 
Gage,  the  Pear  Gage,  &c. 

Short  Barometer  Gage  is  merely  the  lower  part  of  a  barome- 
ter, or  a  tube  about  eight  or  nine  inches  in  length,  lillrd  with 
mercury,  and  immersed  with  its  aperture  into  a  small  quantity 
of  the  same  fluid,  contained  in  a  glass  vessel  which  forms  the 
cistern.  This  gage  is  either  placed  under  the  receiver  upon 
the  principal  plate  of  the  pump,  or  it  is  placed  under  a  sepa- 
rate small  receiver  on  an  auxiliary  plate  attached  to  some 
pumps  for  this  purpose.  As  this  gage  is  not  equal  to  a  whole 
barometer,  it  will  not  begin  to  shew  the  state  of  rarefaction  till 
after  three-fourths  of  the  air  have  been  exhausted,  that  is,  when 
the  elasticity  of  the  remaining  air  is  about  one-fourth  of  that 
of  common  air,  the  barometer  itself  beingbut  about  one-fourth  of 
the  usual  height  of  the  mercury  ;  but  alter  this,  the  farther  de- 
crease of  elasticity  is  exhibited  by  the  sinking  of  the  mercury, 
and  a  graduated  scale  attached  to  the  instrument. 

There  is  another  gage,  called  the  Lomj  Barometer  Gage. 
which  works  in  a  similar  manner,  and  indicates  the  state  of 
rarefaction  on  nearly  the  same  principles. 

Si/jihon  Gage.  This  differs  from  the  short  barometer  gage, 
only  in  this  ;  that  instead  of  terminating  in  a  small  cistern,  in 
this  gage  the  tube  is  bent,  and  rises  upwards  with  its  apeiture, 
which  by  me.Tns  of  a  brass  tube  is  made  to  communicate  with 
the  inside  of  the  pump,  so  that  the  ascending  leg  qf  the  tube 
performs  the  office  of  a  cistern. 

Pear  Gage.  This  is  the  invention  of  Mr.  Smealon,  and  is 
thus  denominated  fiom  its  form,  which  resembles  that  of  a  pear. 
This  gage  docs  not  indicate  the  rate  of  rarefaction  as  it  pro- 
ceeds, but  shews  the  ultimate  state  to  which  it  was  carried 
after  the  re-admission  of  the  air.  The  gage  is  suspended  in 
the  receiver,  and  exhausted  to  the  same  degree  ;  but  when  this 
is  carried  on  as  far  as  is  intended,  the  open  orifice  of  the  gage 
is  letdown  into  a  vessel  of  mercury,  which,  upon  the  re-admis- 
sion of  the  air,  is  forced  into  the  pear,  and  thus  the  ultimate 
state  of  rarefaction  is  determined. 

Gage  of  the  /;Jrtromf<('r,  is  a  contrivance  for  estimating  the 
exact  degree  of  the  rise  or  fall  of  the  mercury  in  the  barometrical 
tube.  It  is  obvious,  that  when  the  mercury  sinks  in  the  tube  it 
rises  in  the  cistern,  and  vice  versa;  and  as  the  distance  between 
the  divisions  graduated  on  the  annexed  scale,  and  the  surface 
of  the  mercnry  in  the  cistern,  is  not  truly  shewn  by  the  n;ini- 
licrs  on  the  scale,  errors  must  happen  in  determining  the  (xact 
height  of  the  mercury.  To  remedy  this  inconvenience,  a  line 
is  cut  upon   a  round  piece  of  ivory,  which  is  fixed  near  the 
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cistern;  this  line  is  accurately  placed  at  a  given  distance  from 
the  scale,  as  for  instance,  twenty-seven  inches  ;  and  a  small 
float  of  cork,  with  a  cylindric  piece  of  ivory  fixed  to  its  upper 
suiface,  (on  which  a  line  must  be  cut  at  a  distance  of  two 
inches,  exactly  from  the  under  surface  of  the  cork,)  is  left 
to  play  freely  on  the  quicksilver,  and  the  cylinder  works  in  a 
groove  made  in  the  otlier  piece;  from  this  construction  it  ap- 
pears, that  if  these  marks  are  made  to  coincide,  by  raising  or 
lowering  the  screw  which  acts  on  the  quicksilver,  then  the 
divisions  on  the  scale  will  express  the  true  measure  of  the  dis- 
tance from  the  surface. 

Gage  of  the  Canilenscr,  is  a  glass  tube  of  a  particular  con- 
struction, adapted  to  the  condensing  engine,  and  designed  to 
shew  the  exact  density  and  quantity  of  the  air  contained  at  any 
time  in  the  condenser. 

Sea  Gage,  is  an  instrument  invented  by  Dr.  Hales  and  Dr. 
Desaguliers,  for  linding  tlie  depth  of  the  sea,  the  description 
of  which  is  this.  A  B,  in  the  annexed  figure,  is  the  gage-bottle, 
in  which  is  cemented  the 
gage-tube  E/,  in  the  brass 
cap  at  G.  'i'he  upper  end  of 
the  tube  E,  is  hermetically 
sealed,  and  the  open  lower 
end  /,  is  immersed  in  mer- 
cury, marked  C,  on  which 
swims  a  small  quantity  of 
treacle.  On  the  top  of  the 
bottle  is  screwed  a  lube  of 
brass  H  G,  pierced  with  seve- 
ral holes,  to  admit  the  water 
into  the  bottle  A  li.  The 
body  K,  is  a  weight  hang- 
ing by  its  shank  L.in  a  socket 
N,  with  a  notch  on  one  side 
at  m,  in  which  is  fixed  the 
catch  /  of  the  spring  s,  and 
passing  through  the  hole  L, 
in  the  shank  of  the  «  einht  K, 
prevents  its  falling  out  when 
once  hung  on.  On  the  top, 
in  the  upper  part  of  the  brass 
tube  atH,  is  lixed  a  large  empty  ball,  or  full-blown  bladder  I, 
which  must  not  be  so  large,  but  that  the  weight  K  may  be  able 
to  sink  the  whole  underwater.  The  instrument  thus  construct- 
ed, is  used  in  the  following  manner: — Tlie  weight  K  being 
hung  on,  the  gage  is  let  fall  into  deep  water,  and  sinks  to 
the  bottom;  the  socket  N  is  somewhat  longer  than  the  shank 
L,  and  therefore,  after  the  weight  K  conies  to  the  bottom,  the 
gage  will  continue  to  descend,  till  the  lower  part  of  the  socket 
strikes  ag.iinst  the  weight;  this  gives  liberty  to  the  catch  to  lly 
off  the  hole,  whereby  the  w eight  K  is  disengaged  ;  when  this  is 
done,  the  ball  or  bladder,  I,  instantly  buojs  up  the  gage  to  the 
top  of  the  v\atcr.  While  tlie  gage  is  below,  the  water,  having 
free  access  to  the  treacle  and  mercury  in  the  bottle,  will  by  its 
pressure  force  it  up  into  the  tube  ;  and  By',  the  height  to  which 
it  has  been  for(Hul  by  the  greatest  pressure,  viz.  that  at  tlic 
bottom,  will  be  shewn  by  the  mark  in  the  tube  which  the 
treacle  leaves  behind  it.  and  which  is  its  only  use.  This  shews 
into  what  space  the  wliole  air  in  the  tube  E_/' is  compressed, 
and  consequcnily  the  heiglit  or  depth  of  the  water,  which  by 
its  weight  produced  that  compression,  which  is  the  thing 
required. 

If  the  gage  tube  E/were  of  glass,  a  scale  might  be  drawn 
on  it  with  the  point  of  a  diamond,  shewing  by  inspection  wliat 
heiglit  the  water  stands  above  the  bottom.  Hut  the  lenglh  of 
U)  inches  is  not  sullicient  for  fathoming  depths  at  sea,  because, 
when  all  the  air  in  such  a  length  of  tube  is  compressed  into 
half  an  inch,  the  depth  of  water  is  not  more  than  034  feet, 
which  is  not  half-a-quarter  of  a  mile. 

If  to  remedy  this,  we  make  use  of  a  tube  50  inches  long, 
which  for  strength  may  be  a  musket-barrel,  and  suppose  the 
air  compressed  into  an  hundredlh  part  of  an  inch;  (hen  by 
saying,  as  1  :  9U  : :  4il0  :  .'iyKOO  inches,  or  ;?.'5()0  feet;  even  this  is 
but  little  more  than  half  a  mile,  or  2010.  JJut  since  it  is 
reasonable  to  suppose  the  cavities  of  the  sea  bear  some 
proportion  to  the  mountainous  parts  of  the  land,  some  of  whicii 


are  more  than  three  miles  above  the  earth's  surface  ;  therefore, 
to  explore  such  great  depths,  lit.  Hale  contrived  a  new  form  for 
his  sea  gage,  or  rather  for  the  gage-tube  in  it,  which  is  as  foU 
lows  :— B  C  D  F,  is  a  hollow  metallic  globe,  communicating  on 
the  top  with  a  long  tube  A  B.  whose  capacity  is  a  ninth  part  of 
that  globe.  On  the  lower  part  at  D,  it  has  also  a  short  tube 
D  E,  to  stand  in  the  niercury  and  treacle.  The  air  contained 
in  the  compound  gage-tube  is  compressed  by  the  water  as 
before;  but  the  degree  of  compression,  or  heiglit  to  which  the 
treacle  has  been  forced,  cannot  here  be  seen  through  the  tube- 
therefore,  to  answer  that  end,  a  sicndi-r  rod  of  metal  or  wood," 
with  a  knob  on  the  top  of  the  tube  A  IJ.  will  receive  the  mark 
of  the  treacle,  and  shew  it  when  taken  out. 

If  the  tube  A  B  be  .")0  inches  long,  and  of  such  a  bore  that 
every  inch  in  length  shall  be  a  cubic  inch  of  air,  and  the  con- 
tents of  the  globe  and  tube  together  6(>0  cubic  inches;  then, 
when  the  air  is  compressed  within  an  hundredth  part  of  the 
w  hole,  it  is  evident  the  treacle  will  not  approach  nearer  than 
live  inches  of  the  top  of  the  tube,  which  will  agree  lo  the  depth 
of  .'5.J00  feet  of  water  as  above.  Twice  this  depth  will  compress 
Ihc  air  into  nearly  hall' that  space,  viz.  2J  inches,  corresponding 
to  «;U0,  which  is  a  mile  and  a  quarter.  Again,  half  that  space, 
or  IJ  inch,  will  shew  double  the  former  depth,  viz.  13  200  feet, 
oi  2J  miles,  which  is  probably  very  nearly  the  greatest  depth  of 
the  sea. 

Bucket  Sea  Gage,  is  an  instrument  contrived  by  Dr.  Hales  to 
find  the  different  degrees  of  coolness  and  saltness  of  the  sea,  at 
different  depths,  consi.-iling  of  a  common  household  pail  or 
bucket  with  two  heads  to  it.  These  heads  have  each  a  round 
hole  in  the  middle,  near  fcmr  inches  diameter,  and  covered  with 
valves  opening  upwards,  and  that  they  may  both  open  and 
shut  together,  there  is  a  small  iron  rod  fixed  to  the  upper  part 
of  the  lower  valve,  and  at  the  other  end  to  the  under  part  of 
the  upper  valve  ;  so  that  as  the  bucket  descends  with  its  sink- 
ing weight  into  the  sea,  both  the  valves  open  by  the  force  of 
the  water,  which  by  that  means  has  a  free  passage  through  llie 
bucket.  But  when  the  bucket  is  drawn  up,  then  both  the 
valves  shut  by  the  force  of  tlie  water  at  the  upper  part  of  the 
bucket ;  whereby  it  is  brought  up  full  of  the  lowest  sea-water 
to  w  hicli  it  has  descended. 

When  the  bucket  is  drawn  up,  the  mercurial  thermometer, 
fixed  in  it,  is  examined;  but  great  care  must  be  taken  to 
observe  the  degree  at  which  the  mercury  stands,  before  the 
lower  part  of  the  thermometer  is  taken  out  of  the  water,  in  the 
bucket,  as  it  would  otherwise  be  altered  by  the  different  tem- 
perature of  the  air.  In  order  to  keep  the  bucket  in  a  right 
position,  there  are  four  cords  fixed  lo  it,  reaching  about  four  feet 
below  it,  to  which  the  sinking  weight  is  attached. 

7Wc  Gaok.  This  is  an  instrument  used  for  determining  the 
height  of  the  lilies,  by  Mr.  Baylcy,  in  the  course  of  a  voyage 
towards  the  south  pole,  f^c.  in  the  Resolution  and  Adventure, 
in  the  years  1772,  1773,  1774,  177,5.  This  instrument  consists 
of  a  glass  tube,  whose  internal  diameter  was  seven-tenths  of  an 
inch,  lashed  fast  to  a  ten-foot  fir  rod,  divided  into  feet,  inches, 
and  parts  ;  the  rod  being  fastened  lo  a  strong  post  fixed  firm 
and  upright  in  the  water.  .\t  the  lower  end  of  the  tube  was  an 
exceedingly  small  aperture,  through  which  the  water  was 
admitted.  In  consequence  of  this  construction,  the  suiface  of 
the  water  in  the  lube  was  so  little  alfected  by  the  agitaiion  of 
the  sea.  that  its  height  was  not  altered  the  tenth-part  of  an 
inch,  when  the  swell  of  the  sea  was  two  feet,  and  .Mr.  Bayley 
was  certain,  tluit  w  ith  this  instrument  he  could  discern  a  diil'er- 
enec  of  the  tenth  of  an  inch  in  the  height  of  the  tide. 

Wind  Gagk,  is  an  instrument  for  measuring  the  force  of  the 
wind  upon  any  given  suiface.     See  ,\ni;momi.  rbii. 

Gage,  among  Leiler  Founders,  a  piece  of  box, or  other  hard 
wood,  variously  notched;  the  use  of  which  is  to  adjust  the 
dimensions,  slopes,  &.e.  of  the  dillcrent  sorts  of  letters.  There 
are  sevcial  kinds  of  these,  as  the  fiat-gage,  the  face-page,  tho 
italic-gage,  S^c. 

Gage,  Slidini/,  a  tool  used  by  Mathematical  Instrument- 
makers,  for  measuring  and  setting  off  distances.  It  is  also  of 
use  in  letter  culling,  and  making  of  moulds. 

GALVNTlHiy,  the  .Siiutr  Dinp.  a  genus  of  the  monogvnia 
order,  in  the  hexandria  class  of  plants,  and  in  the  natural 
method  ranking  under  (lie  ninth  order,  s>pathacex. 
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GALAXY,  Via  Lactea,  or  Milky  Way,  in  Astronomy,  that 
long:,  luminous  track  or  zone,  which  encompasses  tlie  heavens, 
forming;  nearly  a  great  circle  of  the  celestial  sphere.  It  is 
inclined  to  the  plane  of  the  ecliptic  at  about  an  angle  of  <>0°, 
and  cuts  it  nearly  at  the  two  solstitial  points.  It  traverses  the 
constellations  Cassiopeia,  Perseus,  Auri<;a,  Orion,  Gemini, 
Canis  Major,  and  the  Ship,  where  it  appears  most  brilliant  in 
southern  latitudes;  it  then  passes  through  the  feet  of  the  Cen- 
taur, the  Cross,  the  southern  Triangle,  and  returns  towards  the 
north  by  the  Alter,  the  tail  of  the  Scorpion,  and  the  arc  of 
Sagittarius,  where  it  divides  into  two  branches,  passing  through 
Aquila,  Sagitta,  the  Swan,  Serpeutarius,  the  head  of  Cepheus, 
and  returns  into  Cassiopeia. 

Milton  also  speaks  of  it  in  the  following  beautiful,  and  appro- 
priate language:— 

*'  A  broad  and  ample  road,  whose  dust  is  gold, 
And  pavement  stars,  as  stars  to  thee  appear. 
Seen  in  the  Galaxy,  that  railky  way, 
"Which  nightly,  as  a  circling  zone  thou  seest, 
Powdered  with  stars." 

The  ancients  had  many  singular  ideas  as  to  the  cause  of  this 
phenoiuenon  ;  but  modern  astronomers  have  long  attributed  it 
to  a  great  assemblage  of  stars,  and  Dr.  Herschel  has  confirmed 
these  conjectures,  having  discovered,  in  a  space  of  about  Ib'^ 
long,  by  2°  broad,  no  less  than  50,000  stars.  This,  however, 
instead  of  satisfying  the  curiosity  of  astronomers,  only  gave 
rise  to  farther  inquiries  and  hypotheses  ;  amongst  others,  that 
of  Dr.  Heischel's,  which  is  very  interesting;  he  supposes  the 
sidereal  universe  to  be  distributed  into  nebula;  and  clusters  of 
stars,  and  the  milky  way  to  be  that  particular  cluster  in  which 
our  sun  is  placed.  In  a  paper  on  the  construction  of  the 
heavens.  Dr.  Herschel  savs,  it  is  very  probable,  that  the  great 
stratum  called  the  milky  wav,  is  that  in  which  the  sun  is  placed, 
though  perhaps  not  the  centre  of  its  thickness,  but  not  far  from 
the  place  where  some  smaller  stratum  branches  from  it.  Such 
a  supposition  will  satisfactorily,  and  with  great  simplicity, 
account  for  all  the  plienoniena  of  the  milky  way,  which, 
according  to  this  hypothesis,  is  no  other  than  the  appearance 
of  the  projection  of  the  stars  contained  in  this  stratum,  and  its 
secondary  branch. 

In  another  paper  on  the  same  subject,  he  says,  '*  We  will  now 
retreat  to  our  own  retired  station  in  one  of  the  planets  attend- 
ing a  star  in  the  great  combination  with  numberless  others  ; 
and  in  order  to  investigate  what  will  be  the  appearances  from 
this  contracted  situation,  let  us  begin  with  the  naked  eye. 
The  stars  of  the  first  magnitude,  being  in  all  probability  the 
nearest,  will  furnish  us  with  a  step  to  begin  our  scale  ;  setting 
off,  therefore,  with  the  distance  of  Sirius  or  Arcturus,  for 
inst-ance,  as  unity,  we  will  at  present  suppose,  that  those  of  the 
second  magnitude  are  at  double,  and  those  of  the  third  at  treble 
the  distance,  atid  so  forth.  Taking  it  then  for  granted,  that 
a  star  of  the  seventh  magnitude  is  about  seven  times  as  far 
from  us  as  one  of  the  first,  it  follows  that  an  observer,  who  is 
enclosed  in  a  globular  cluster  of  stars,  and  not  far  from  the 
centre,  will  never  be  able,  w  itii  the  naked  eye,  to  see  the  end  of 
it  ;  for  since,  according  to  the  above  estimations,  he  can  only 
extend  his  view  about  seven  times  the  distance  of  Sirius,  it 
cannot  be  expected  that  his  eyes  should  reach  the  borders  of  a 
cluster,  which  has,  peihaps,  not  less  than  fifty  stars  in  depth 
every  where  around  him.  The  whole  universe,  therefore,  to 
him,  will  be  comprised  in  a  set  of  constellations,  richly  orna- 
mented with  scattered  stars  of  all  sizes.  Or  if  the  united 
brightness  of  a  neighbouring  cluster  of  stars  should,  in  a 
remarkably  clear  night,  reach  his  sight,  it  will  put  on  the 
appearance  of  a  small,  faint,  nebulous  cloud,  not  to  be  per- 
ceived without  the  greatest  attention.  Allowing  him  (he  use 
of  a  common  telescope,  he  begins  to  suspect  that  all  the  milki- 
ncss  of  the  bright  path  which  surrounds  the  sphere  may  be 
owing  to  stars.  By  increasing  his  power  of  vision,  he  becomes 
certain  that  the  milky  way  is,  indeed,  no  other  than  a  collec- 
tion of  very  small  stars,  and  the  nebulae  notliing  but  clusters 
of  stars." 

Dr.  Herschel  then  solves  a  general  problem  for  computing 
the  length  of  the  visual  ray  ;  that  of  the  telescope  which  be 
uses  will  reach  to  stars  497  times  the  distance  of  Sirius.     Now 


Sinus  cannot  be  nearer  than  100,000  x  190,000,000  miles, 
therefore  Dr.  Herschel's  telescope  will  at  least  reach  to 
100,000  X  190,000,000  X  497  miles.  And  Dr.  Herschel  sans, 
that  in  the  most  crowded  part  of  the  milky  way,  he  has  had 
fields  of  view  that  contained  no  less  than  588  stars,  and  these 
were  continued  for  many  minutes,  so  that  in  a  quarter  of  an 
hour  he  has  seen  116,000  stars  pass  through  the  field  of  view  of 
a  telescope  of  only  15'  aperture:  and  at  another  time,  in  41 
minutes,  he  saw  258,000  stars  pass  thiough  the  field  of  his 
telescope.  Every  improvement  in  his  telescope  has  discovered 
stars  not  seen  before,  so  that  there  appears  no  bounds  to  their 
number,  or  to  the  extent  of  the  universe. 

GALBANUM,  a  gum  issuing  from  the  stem  of  an  umbelli- 
ferous plant,  growing  in  Persia,  and  many  parts  of  Africa. 

GALE,  Electrical.  On  the  6th  December,  1823,  about 
100  miles  west  of  Drontheim,  a  gale  of  wind  lasted  three  days 
without  intermission,  and  alforded  tlic  following  proofs  of  its 
having  originated  in  a  disturbed  state  of  electricity  in  the 
atmosphere.  It  was  accompanied  by  frequent  and  vivid 
lightning,  unusual  in  high  latitudes  in  w  inter ;  and  at  the  mast- 
heads and  yard-arms  of  the  Griper,  commanded  by  Captain 
Clavering,  not  fewer  than  eight  balls  of  fire  were  visible  at 
once. 

GALENA,  in  Mineralogy,  the  sulphuret  of  lead,  found  both 
in  masses  and  crystallized.  The  primitive  form  of  its  crystals 
is  a  cube.  Its  colour  is  bluish  gray  like  lead,  but  brighter. 
Lustre  metallic.  Texture  foliated.  Fragments  cubical.  Soft 
but  brittle.  Specific  gravity  7-22  to  7-587.  Effervesces  with 
nitric  and  muriatic  acids.  It  is  composed  of  from  45  to  83 
lead,  and  from  086  to -16  of  sulphur.  It  generally  contains 
some  silver,  and  sometimes  also  antimony  and  zinc. 

GALENIC,  or  Galenical,  in  Pharmacy,  a  manner  of  treating 
diseases,  founded  on  the  principles  of  Galen,  in  opposition  to 
the  chemical  practitioners. 

GALEOPITHECUS,  Colugo.  A  genus  of  quadrupeds, 
natives  of  the  Molucca  and  Philippine  islands,  frequenting 
woody  places,  and  feeding  principally  on  fruits.  The  Colugo 
resides  on  trees,  and  in  descending  from  the  lop  of  a  tree,  it 
spreads  its  membranes,  and  balances  itself  to  the  place  it  aims 
at  in  a  gentle  manner;  but  in  ascending,  it  uses  a  leaping  pace. 
The  whole  length  of  the  animal  is  about  three  feet  ;  the  breadth, 
when  expanded,  nearly  the  same ;  the  tail  is  slender,  and  about 
a  span  long.  The  membrane,  or  expansile  skin,  by  which  it  is 
enabled  to  lly,  is  continued  on  each  side,  from  the  neck  to  the 
fore  feet,  thence  to  the  hind  feet,  and  again  to  the  tail  :  it  is 
covered  with  fur,  in  the  same  manner  as  the  body.  The  whole 
upper  side  of  the  animal  is  generally  of  a  deep  ash  colour,  and 
the  whole  under  side,  both  of  the  body  and  membrane,  is  yel- 
low. The  head  is  long.  The  ears  are  small,  round,  and 
marked  internally  by  numerous  semicircular  transverse  streaks. 
The  legs  are  clothed  with  a  yellow  down  :  there  are  five  toes 
on  each  foot,  united  by  a  membrane,  and  terminating  in  crooked 
claws.  This  animal  is  called  by  the  Indians  caguang,  colugo,  and 
gigua.  It  was  first  described  by  Boutins,  in  the  history  of  Java. 
GALILEO,  Galilei,  a  very  celebrated  mathematician  and 
astronomer,  was  the  son  of  a  Florentine  nobleman,  and  born 
in  the  year  1564.  He  had  from  his  infancy  a  strong  inclination 
to  philosophy  and  the  mathematics,  and  made  prodigious  pro- 
gress iu  these  sciences.  In  1592  he  was  chosen  professor  of 
mathematics  at  Padua,  and  during  his  abode  there  he  is  said 
to  have  invented  the  telescope ;  or,  according  to  others, 
improved  that  instrument,  so  as  to  render  it  fit  for  astronomi- 
cal observations.  In  1611,  Cosmo  II.  Grand  Duke  of  Tuscany, 
sent  for  him  to  Pisa,  where  he  made  him  professor  of  mathema- 
tics, with  a  handsome  salary  ;  and  soon  afler,  inviting  him  to 
Florence,  gave  him  the  olTice  and  title  of  principal  philosopher 
and  mathematician  to  his  highness.  In  1612  he  discovered  some 
spots  on  the  sun's  disc,  which  led  to  the  publication  of  a  pam- 
phlet asserting  the  truth  of  the  Copernican  system  of  astronomy. 
For  this  he  was  cited  before  the  inquisition  at  Rome;  and 
alter  some  months'  imprisonment,  released,  on  a  simple  promise 
that  he  would  renounce  his  heretical  opinions.  In  1632  he 
published  his  dialogues  on  the  Ptolemaic  and  Copernican 
systems  of  the  world,  for  which  he  was  again  cited  before  the 
Inquisition,  imprisoned,  his  book  burned,  and  condemned  to 
j  repeat  once  a  week,  for  three  years  to  come,  seven  penitential 
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psalms,  as  a  saving  penance  for  his  heresies.  He  lived  ten 
years  after  this,  and  died  in  1042,  in  the  78th  year  of  his  ajce. 
For  the  purpose  of  astronomical  observations,  lie  improved  the 
telescope,  first  invented  by  .lansen,  and  was  himself  the  contriver 
of  the  simple  pendulum;  and  thought  of  applying  it  to  clocks, 
but  did  not  execute  that  design.  He,  together  with  his  pupil 
Torricelli,  discovered  that  air  had  gravity,  and  endeavoured  to 
compare  it  with  water.  As  a  great  promoter  of  the  sciences, 
he  opened  vast  fields  for  the  iiujuiries  of  others,  and  ably 
assisted  them  by  his  irvcntions  and  discoveries. 

Galileo  wrote  a  number  of  treatises,  many  of  which  were 
published  in  his  lifetime.  Many  of  his  pieces  were,  however, 
lost  at  his  death,  as  some  say,  through  the  superstition  of  one 
of  his  nephews,  or,  as  otiiers  say,  through  the  artifice  of  his 
wife's  confessor  ;  at  all  events,  they  were  destroyed,  in  con- 
sequence of  their  being  supposed  to  contain  doctrines  which 
the  Inquisition  declared  to  be  heretical. 

GALL,  in  the  animal  economy,  the  same  with  bile. 

Gall  JBladikr,  called  Vcsicula,  and  Cystis  Fellia,  is  usually 
of  the  shape  of  a  pear,  or  the  size  of  a  small  hen's  egg.  It  is 
situated  on  the  concave  side  of  the  liver,  and  lies  upon  the  colon, 
part  of  which  it  tinges  with  its  own  colour.  It  is  composed  of 
four  membranes,  or  coats  ;  the  common,  the  vesicular,  the  mus- 
cular, and  the  nervous  one,  which  last  is  of  a  wrinkled  or 
reticulated  surface  within,  and  furnished  with  an  unctuous 
liquor.  The  use  of  the  gall-bladder  is  to  collect  the  bile,  se- 
creted in  the  liver,  and  mixing  with  its  own  peculiar  produce, 
to  perfect  it  farther,  to  retain  it  a  certain  time,  and  then  to 
expel  it. 

Gall,  in  Natural  History,  denotes  any  protuberance  or 
tumour  produced  by  the  puncture  of  insects  on  plants  and  trees 
of  dilVerent  kinds.  Galls  are  of  various  forms  and  sizes,  and  no 
less  difl'erent  with  regard  to  their  internal  structure.  Some 
liave  only  one  cavity,  and  others  a  number  of  small  cells  com- 
municating with  each  other.  Some  are  as  hard  as  the  wood  of 
the  tree  they  grow  on,  others  are  soft  and  spongy  ;  the  first  are 
termed  gall  nuts  ;  and  the  latter  berry  galls,  or  apple  galls. 
Oak-galls,  put  into  a  solution  of  vitriol  in  water,  give  it  a  purple 
colour,  which,  as  it  grows  stronger,  becomes  black,  and  on 
this  property  depends  the  art  of  making  our  writing  ink  and 
dyes. 

Gall  Stones,  calculous  concretions  frequently  formed  in  the 
gall  bladder,  and  sometimes  occasioning  great  pain  in  their 
passage  through  the  ducts  into  the  duodenum,  before  they  are 
evacuated.  Gall-stones  often  occur  in  the  inferior  animals, 
particularly  in  cows  and  hogs ;  but  the  biliary  concretions  of 
these  animals  have  not  hitherto  been  examined  with  much 
attention.  Soaps  have  been  proposed  as  solvents  for  these 
calculi.  The  academy  of  Dijon  has  published  the  success  of 
a  mixture  of  essence  of  turpentine  and  ether. 

GALLiVTES,  salts  formed  by  the  gallic  acid  with  alkaline 
earths  or  metallic  bases. 

GALLERY,  a  balcony,  projecting  from  the  stern  or  quarter 
of  a  ship  of  war,  or  of  a  large  merchantman. 

Sicrn  Gallicky,  that  part  of  the  preceding  article  which  is 
wholly  at  the  stern  of  the  ship,  and  is  usually  decorated  with  a 
balustrade  extending  from  one  side  of  the  ship  to  the  other  ; 
the  forepart  is  limited  by  a  partition,  called  the  skreai  hnlhltead, 
in  which  arc  framed  the  cabin  win(lows,  and  the  roof  of  it  is 
formed  by  a  sort  of  vault,  termed  the  cove,  which  is  frequently 
ornamented  with  sculpture. 

Quarter  Gallery,  is  that  part  which  projects  on  each  quar- 
ter, and  is  generally  fitted  up  as  a  water  closet.  Ships  of 
twenty  guns  and  upwards,  on  one  deck,  have  quarter  galleries, 
but  no  stern  gallery  ;  two  and  three  deckers  have  two  or  three 
of  these  conveniences  on  each  side,  one  under  the  other,  and 
one  or  two  stern  galleries. 

GALi.iiKY,  in  Architecture,  a  covered  place  in  a  house, 
usually  in  the  wings  of  a  building,  its  use  being  chictly  to 
walk  in. 

Gallery,  in  Fortification,  a  covered  walk  across  the  ditch  of 
a  town  ;  and  as  a  mine,  it  is  a  narrow  passage  from  one  part  of 
the  mine  to  another. 

GALLEY,  a  kind  of  low  llat-built  vessel,  furnished  with  one 
deck,  and  navigated  with  sails  and  oars,  particularly  in  the 
Medietrrancan.  The  largest  sort  of  these  vessels,  called 
37 


were  usually  chained  (hereto, 
small  batteries  of  cannon,  tiir. 


galleasses,  were  formerly  employed  by  the  Venetians;  they 

were    about    162  feet 
long   above,    and   133 
feet    by    the   keel,   32 
feet  wide,   and  23  feet 
length     of    slcrnpost. 
They   were    furnished 
with  three  masts,  and 
32  banks  of  oars,  each 
bank    containing    two 
oars,    and    every    oar 
being  managed  by  six 
or  seven   slaves,   who 
In  the  forepart  they  had  three 
two  36-pounders,  two  21-poun- 
di  rs,  and  two  2-pounders  ;  they  had  also  three  18-pounders  on 
each  quarter,  and  carried  from  1000  to  1200  men. 
The  galleys  next  in  size  to  these  are  called  half-galleys,  and 

are  from  120  to  130  feet  long, 
18  feet  broad,  and  U  or  10 
feet  deep.  They  have  two 
masts,  which  may  be  struck 
at  pleasure,  and  arc  fur- 
nished with  two  large  lateen 
sails,  and  five  pieces  of  can- 
non. They  have  commonly 
twenty-five  banks  of  oars,  as 
described  above.  A  size  still 
less  than  these  are  called  quarter  galleys,  carrying  from  12  to 
IG  banks  of  oars.  They  generally  keep  close  under  the  shore, 
but  sometimes  venture  out  to  sea  to  perform  a  summer  cruise. 
In  France  are  forty  galleys  for  the  use  of  the  Mediterranean, 
the  arsenal  thereof  being  at  Marseilles.  The  general  of  the 
galley  bears  a  double  anchor,  placed  in  pale  behind  the 
escutcheon  of  his  arms,  as  a  mark  of  his  oflicc.  The  captain 
galley  is  the  principal  galley  of  a  state,  commanded  by  the 
captain-general  of  the  galleys.  In  France,  before  the  Hevolu- 
tion,  the  royal  galley  was  the  first.  These  galleys  in  France 
resemble  the  hulks  of  Britain,  io  which  the  convicts  labour,  and 
are  confined. 

Galley,  is  also  a  name  given  to  an  open  boat,  rowing  six  or 
eight  oars,  and  used  on  the  river  Thames  by  custom-house 
oliicers,  press-gangs,  and  also  for  pleasure;  hence  the  appella- 
tion of  custom-house  galley,  press-galley,  &c. 

Galley,  or  Gaily,  is  also  the  name  of  the  kitchen  of  a  ship 
of  war,  or  the  place  where  the  grates  are  put  up,  fires  lighted, 
and  the  victuals  generally  boiled  or  roasted.  In  East  India 
ships  it  is  generally  termed  the  cook-room,  and  on  board  of 
merchantmen  it  is  called  the  caboose. 

Galli:y  Slave,  ^  person  condemned  to  work  at  the  oar  on 
board  a  galley,  being  chained  to  the  derjc.  Condemnation 
to  the  galleys  is  a  punishment  peculiar  to  France,  whereby 
criminals  and  delinquents  are  adjudged  to  serve  as  slaves  on 
board  the  galleys,  either  during  life,  or  for  a  limited  time.  A 
man  condemned  for  perpetuity  is  dead  in  a  civil  sense;  he 
cannot  dispose  of  any  of  his  elTects  ;  cannot  inherit;  and  if  he 
be  married,  his  marriage  is  null,  nor  can  his  widow  have  any 
of  her  dower  out  of  his  goods,  which,  with  his  lands,  are  hereby 
confiscated. 

GALLIC  Act  n,  in  Chemistry,  is  obtained  from  the  oak  nut-gall. 
In  an  infusion  of  galls  made  with  cold  water,  a  sediment  is 
formed  which  has  a  crystalline  form  and  an  acid  taste.  Uy  an 
infusion  of  galls  exposed  to  the  air,  and  removing  now  and  then 
the  mouldy  skin  formed  on  its  surface,  a  large  quantity  of  this 
sediment  was  obtained  ;  which  being  edulcorated  with  cold 
water,  redissolved  in  hot  water,  filtrated  and  evaporated  very 
slowly,  yielding  an  acid  salt  in  crystals  as  fine  as  sand.  Or, 
boil  a  mixture  of  carbonate  of  barytes  and  an  infusion  of 
nut-galls.  A  bluish  green  liquid  is  obtained,  which  consists  of 
a  solution  of  gallic  acid  and  barytes.  Filter  and  saturate  with 
diluted  sulphuric  acid.  Sulphat  of  barytes  is  deposited  in  the 
state  of  an  insoluble  powder,  and  a  colourless  solution  of  gallic 
acid  remains.  Gallic  acid  when  pure,  is  in  the  form  of  trans- 
parent plates.  Its  taste  is  acid,  and  somewhat  astringent ; 
and  when  heated  it  has  a  peculiar  and  rather  unpleasant 
aromatic  odour. 
4  U 
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GALLINJ*;,  in  Ornitlioloo;y,  the  fifth  order  of  birds.  Under 
which  are  comprehended  the  peacock,  pheasant,  turkey,  the 
common  cock,  partridge,  grouse,  dodo,  &c. 

GALLING  Fire,  a  repeated  discharge  of  cannon,  or  small 
arms,  which,  by  its  execution,  greatly  annoys  the  enemy. 

GALLIOT,  a  Dutch  vessel,  carrying  a  main  and  a  mizzen 
mast,andalarge 
gafT-main-sail. 

\  galliot  is  a 
sort  of  a  brigan- 
tine,  or  small 
galley, built  very 
slightly,  and  de- 
signed only  for 
chase.  She  can 
both  sail  &  row, 
and  usually  car- 
ries about  two  or 
three  pedreros, 
and  has  sixteen 
or  twenty  oars. 
All  the  seamen 
onboard  are  sol- 
diers, and  each  has  a  musket  by  him  on  quitting  bis  oar.  Some 
also  call  the  bomb-ketches  galliots. 

GALLON,  an  English  measure  of  capacity,  being  equal  to 
4  quarts  or  8  pints.  cub.  inchei. 

The  gallon,  wine  measure,  contains 231 

Ditto,    beer  measure, 282 

Ditto,    dry  measure, 268| 

GALLOON,  in  Commerce,  a  narrow  kind  of  lace  used  to 
edge  or  border  cloths. 

GALLOWS  Bits,  a  frame  of  timber,  in  form  of  a  gallows, 
forming  a  support  for  the  spare  topmasts,  yards,  and  booms. 

GALVANI,  Lewis,  a  modern  philosopher,  who  has  had  the 
honour  of  giving  his  name  to  a  newly  discovered  principle  in 
nature,  was  born  at  Bologna,  in  1737,  where  he  practised  medi- 
cine, was  public  lecturer  at  the  university,  and  reader  in 
anatomy  in  the  Institute  of  the  same  city.  His  reputation,  as 
an  anatomist  and  physiologist,  was  established  in  the  schools 
of  Italy,  when  accident  gave  birth  to  the  discovery  which  has 
immortalized  his  name.  His  wife,  with  whom  he  lived  many 
years  in  the  tenderest  union,  was  at  this  time  in  a  declining 
state  of  health.  As  a  restorative,  she  made  use  of  a  soup  of 
frogs ;  and  some  of  these  animals,  skinned  for  the  purpose, 
happened  to  lie  upon  a  table  in  her  husband's  laboratory,  upon 
which  was  placed  an  electrical  machine.  One  of  the  assistants, 
in  his  experiments,  happened  accidentally  to  bring  the  point  of 
a  scalpel  near  the  crural  nerves  of  a  frog,  lying  not  far  from  the 
conductor.  Instantly  the  muscles  of  the  limb  were  agitated 
with  strong  convulsions.  Madame  Galvani,  a  woman  of  quick 
understanding,  and  of  a  scientific  turn,  was  present,  and,  struck 
with  the  phenomenon,  she  immediately  went  to  inform  her 
husband  of  it.  He  came,  and  repeated  the  experiment ;  and 
soon  found  that  the  convulsion  only  took  place  when  a  spark 
was  elicited  by  the  conductor.  It  was  Velta,  however,  who 
brought  to  a  system  the  crude  and  erroneous  opinions  of 
Galvani,  who  would  have  within  all  animals  a  peculiar  electri- 
cal fluid,  secreted  by  the  brain,  and  diffused  by  the  nerves 
through  various  parts  of  the  body.  However,  from  this  simple 
experiment,  or  rather  accident,  arose  the  new  science  of 
Galvanism,  wliich  has  made,  and  is  still  making,  such  a  rapid 
progress  in  the  hands  of  modern  chemists  and  philosophers. 
Galvani  died  in  1798,  in  the  Gist  year  of  his  age. 

GALVANISM,  a  modern  and  very  interesting  branch  of 
science,  thus  named  after  its  celebrated  discoverer,  professor 
Galvani,  of  Bologna.  (See  the  preceding  article.)  Galvanism 
comprises  all  those  electrical  phenomena  arising  from  the 
chemical  agency  of  certain  metals  with  different  fluids. 

We  have  noticed,  in  the  foregoing  article,  the  humble  origin 
of  this  science  ;  and  that  by  accident  it  was  discovered,  that 
common  electricity  had  the  property  of  producing  muscular 
contractions  in  the  limbs  of  animals  even  a  considerable  tinie 
after  death  ;  and  of  this  Galvani  more  clearly  convinced  himself, 
by  ascertaining,  that  from  whatever  source  the  electricity  was 
drawn,  the  efl'ect  of  it  was  still  the  same.     But  in  one  instance 


he  found,  that  the  mere  agency  of  a  metallic  substance,  whfr<, 
he  had  no  reason  to  suspect  the  presence  of  electricity,  the 
limbs  of  a  recently  killed  frog  were  convulsed  ;  and  after  mak- 
ing several  experiments,  he  ascertained,  that  the  convulsions 
only  took  place  when  be  employed  dissimilar  metals. 

Galvani's  experiments  were  repeated  by  many  eminent  philo- 
sophers, both  on  the  continent  and  in  this  country.  None  of 
them,  however,  added  any  thing  new  to  what  Galvani  had  him- 
self discovered,  excepting  the  celebrated  Volta,  whose  improve- 
ment was  so  decided,  that  the  science  itself  has  nearly  changed 
its  name,  taking  that  of  Voltaism  instead  of  Galvanism. 

When  we  view,  indeed,  the  numerous  facts  that  have  been 
added  to  the  labours  of  Galvani,  his  discoveries  form  but  a  very 
small  part  of  the  whole  mass,  whereas  a  great  many  of  them 
are  due  to  Volta.  Yet  when  we  recollect  again,  that  the  inves- 
tigation began  with  the  former,  and  was  in  a  great  degree 
promoted  by  his  own  perseverance,  we  must  ever  consider  him 
as  a  principal  in  this  extensive  field  of  research  ;  and  cannot, 
without  injustice,  deprive  him  of  the  honour  which  has  been 
conferred  upon  him,  of  giving  his  own  name  to  the  science 
which  he  discovered  and  promoted.  Philosophy,  however,  is 
infinitely  indebted  to  Signior  Volta,  it  being  to  him  that  we 
owe,  in  a  great  measure,  the  rapid  progress  that  has  since  been 
made  in  this  interesting  branch  of  philosophj-.  He  repeated 
the  experiments  of  Galvani,  and  found,  that  when  two  pieces 
of  metal  of  different  kinds  were  placed  in  different  parts  of  an 
animal  at  the  same  time,  that  the  metals  were  brought  in  con- 
tact, or  were  connected  by  a  metallic  arc  ;  as  often  as  the 
contact  was  made,  convulsions  were  observed.  He  found  that 
the  greatest  was  produced  when  the  metals  were  zinc  and 
silver.  WTien  several  pairs  of  metals  were  employed,  having 
pieces  of  moist  cloth  between  them,  the  effect  appeared  to 
increase  as  the  number  of  pairs.  This  important  discovery  of 
accumulating  the  effects  of  this  species  of  electricity,  was  made 
by  Volta  in  1800,  and  hence  has  been  denominated  the  Voltaic 
pile.  The  apparatus  first  made  by  Volta,  consisted  of  a  certain 
number  of  pairs  of  zinc  and  silver  plates,  separated  from  each 
other  by  pieces  of  wet  cloth  ;  the  arrangement  being  as  follows  : 
zinc,  silver,  wet  cloth  ;  zinc,  silver,  wet  cloth,  and  so  on.  The 
silver  plates  were  chiefly  silver  coins,  the  plates  of  zinc  and  the 
pieces  of  cloth  being  of  the  same  size.  He  found  this  pile 
much  more  powerful  when  the  pieces  of  cloth  were  moistened 
with  a  solution  of  common  .salt  instead  of  pure  water,  and  an 
apparatus  consisting  of  forty  pairs  of  plates,  he  found  to 
possess  the  power  of  giving  a  very  smart  shock,  similar  to  that 
of  a  small  electric  jar  ;  and  that  this  efl'ect  took  place  as  often 
as  a  communication  was  made  between  each  end  of  the  pile, 
and  as  long  as  tlie  pieces  of  cloth  remained  moist. 

An  account  of  this  discovery  was  communicated  to  the 
Royal  Society,  and  published  in  the  Philosophical  Transactions. 
Since  this  time  wc  have  no  account  of  any  farther  discoveries 
of  Volta;  but  the  science  of  Galvanism  has  been  since  con- 
siderably extended  by  the  researches  and  experiments  of 
philosophers  in  France,  England,  and  other  countries. 

The  first  experiments  made  on  the  pile  in  this  country  were 
performed  by  Messrs.  Nicholson  and  Carlisle,  who  observed, 
that  on  bringing  the  wires  from  each  end  of  the  column  in  con- 
tact with  a  drop  of  water,  bubbles  of  some  elastic  gas  were 
disengaged,  which,  on  closer  examination,  they  found  to  be 
hydrogen  gas  ;  this  discovery  gave  rise  to  a  great  variety  of 
experiments,  and  to  many  interesting  results,  but  being  chiefly 
chemical,  we  cannot  here  enter  into  their  details. 

The  Galvanic  energy  evinced  in  the  decomposition  of  bodies, 
which  the  experiments  of  Nicholson  and  Carlisle  had  first  made 
known,  was  farther  prosecuted  by  Mr.  Cruikshank.  of  Wool- 
wich, to  whom  we  are  indebted  for  the  invention  of  the 
Galvanic  trough,  which  wc  have  described  under  the  article 
Galvanic  Battery.  This  again  led  the  way  to  other  batteries 
of  similar  construction,  but  of  a  more  powerful  nature,  by  which 
it  was  found,  that  all  the  metals  reduced  into  thin  leaves  were 
deflagrated  with  brilliant,  though  differently  coloured  flames ; 
and  henceforth  Galvanism,  which  had  not  before  assumed  any 
particular  character,  it  being  doubtful  to  what  branch  of  science 
it  properly  belonged,  was  directed  entirely  to  chemistry,  ana 
has  since  been  the  means  of  throwing  great  light  on  that 
interesting  branch  of  human  knowledge. 
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The  Laws  of  Galvanic  Combination. — The  conductors  of  elec- 
tricity are  divided  into  two  principal  classes.  The  first  class, 
called  dry  and  perfect  conductors,  are  metallic  substances  and 
charcoal.  Those  of  the  second  class,  or  the  imperfect  conduc- 
tors, are  water  and  other  oxidating  fluids.  But  as  the  sub- 
stances of  the  second  class  differ  in  conducting  power  much 
more  than  those  of  the  first  class,  so  they  may  be  subdivided 
into  species. 

Imperfect  Conductors.— li  may  be  obserTed,  that  water  hold- 
ing in  solution  common  air,  and  especially  oxygen  gas,  is  much 
more  active  than  «ater  deprived  of  air  by  boiling.  2.  Water 
mixed  with  clay  or  chalk  ;  3d,  a  solution  of  sugar ;  4th,  alco- 
hol ;  5th,  milk  ;  Gib,  mucilaginous  fluids  ;  7th,  animal  gelatinous 
fluids;  8th,  wine;  9th,  vinegar,  and  other  vegetable  juices,  and 
acids;  10th,  saliva;  11th,  mucus  from  the  nose;  12th,  blood  ; 
13th,  brains;  I4lh,  solution  of  salt;  15th,  soap-suds;  16th, 
chalk  water;  17th,  concentrated  mineral  acids;  18th,  strong 
alkaline  leys;  It>th,  alkaline  fluids;  20th,  sulphuret  of  potash. 

Simple  Combinations  of  Galvanic  Conductors,  capable  of  pro- 
ducing effects,  must  consist  of  three  diOcrent  conductors,  for  two 
produce  no  effect. 
One  conductor  must 
be  of  one  class,  and 
the  two  other  con- 
ductors different  of 
the  other  class.  De- 
noting the  bodies  of 
the  first  class  by 
means  of  three  capi- 
tal letters,  and  those 
of  the   second  class 

by  small  letters,  the  combinations  of  No.  1  and  2  are  active, 
but  those  of  3,  4,  5,  are  not  active  ;  because  they  consist  of  two 
bodies  only,  and  those  of  figs.  7  and  8  consist  of  three  bodies; 
of  which  two  are  of  the  same  sort,  and  of  course  act  as  a 
single  body. 

When  two  of  the  three  bodies  are  of  the  first  class,  and  one 
of  the  second,  the  combination  is  said  to  be  of  the  first  order  ; 
otherwise,  it  is  said  to  be  of  the  second  order.  In  a  single 
active  galvanic  combination,  or,  as  it  is  commonly  called,  a 
simple  galvanic  circle,  the  two  bodies  of  one  class  must  touch 
each  other  in  more  than  one  point,  at  the  same  time  that  they 
are  connected  together  at  other  points  by  the  body  of  the  other 
class.  Thus,  when  a  prepared  frog  is  convulsed  by  the  con- 
tact of  the  same  piece  of  metal  in  two  different  places,  then  the 
fluids  of  those  parts,  which  must  be  somewhat  different  from 
each  other,  are  the  two  conductors  of  the  second  class,  and  the 
metal  is  the  third  body  on  t!ie  con<luctor  of  the  first  class.  If 
two  metals  are  used,  then  the  fluids  of  the  prepared  animals 
differing  but  little  from  each  oilier,  may  be  considered  as  one 
body  of  the  second  class.  Thus  also,  when  a  person  drinks 
out  of  a  pewter  jug,  the  saliva  or  moisture  of  his  under  lip  is 
one  fluid  or  one  conductor  of  the  second  class,  the  liquor  in 
the  jug  is  the  other,  and  the  metal  is  the  third  body,  or  con- 
ductor of  the  first  class. 

It  seems  to  be  indispensably  requisite,  that  in  a  simple 
galvanic  circle,  the  conductor  or  conductors  of  one  class  should 
have  some  chemical  action  upon  the  otlier  conductor  or  con- 
ductors ;  without  which  circumstance  the  combination  of  the 
three  bodies  will  have  either  no  galvanic  action  at  all,  or  a 
very  slight  one.  Farther,  the  galvanic  action  seems  to  be  pro- 
portionate to  the  degree  of  chemical  agency  ;  which  seems  to 
shew,  that  such  chemical  action  is  the  primary  cause  of  the 
electric  phenomena.  The  most  active  galvanic  circles  of  the 
first  order,  are,  when  two  solids  of  dill'crent  degrees  of  oxid- 
ability  are  combined  with  a  fluid,  capable  of  oxidating  at  least 
one  of  the  solids.  Thus,  gold,  silver,  and  water,  do  not  form 
an  active  galvanic  circle ;  but  the  circle  will  become  active  if  a 
little  nitric  acid,  or  any  fluid  decomposable  by  silver,  is  mixed 
with  the  water. 

A  combination  of  zinc,  silver,  and  water,  forms  an  active 
galvanic  circle,  and  the  water  is  found  to  oxidate  the  zinc,  pro- 
vided the  water  holds  in  solution  sonic  atmospherical  air,  as  it 
commonly  does,  and  especially  if  it  contains  oxygen  gas.  But 
zinc,  silver,  and  water,  containing  a  little  nitric  acid,  form  a 
niore  powerful  galvanic  circle,  the  fluid  being  capable  of  acting 


both  upon  the  zinc  and  upon  the  silver.  The  most  powerful 
galvanic  combinations  of  the  second  order  are,  when  two  con- 
ductors have  diflercnt  chemical  actions  on  the  conductors  of 
the  first  class,  at  the  same  time  that  they  have  an  action  upon 
each  other.  Thus,  copper,  silver,  or  gold,  with  a  solution  of 
alkaline  sulphuret,  and  diluted  nitrous  acid,  form  a  very  active 
galvanic  circle.  The  present  state  of  knowledge  relative 
to  this  subject,  does  not  enable  us  accurately  to  determine  the 
particular  powers  of  all  sorts  of  galvanic  combinations  :  the 
following  lists,  however,  contain  an  useful  arrangement  of  the 
best  combinations,  disposed  in  the  order  of  tlieir  powers,  and 
commencing  with  the  most  powerful. 

Table  of  Galvanic  Circles  vf  the  First  Order, — These  circles 
consist  of  two  conductors  of  the  first  class,  and  one  of  the 
second.  1.  Zinc,  with  gold,  charcoal,  silver,  or  copper,  tin, 
iron,  or  mercury,  and  water  containing  a  small  quantity  of  any 
of  the  mineral  acids.  2.  Iron,  with  gold,  charcoal,  silver,  cop- 
per, or  tin,  and  a  weak  solution  of  any  of  the  mineral  acids.  3. 
Tin,  with  gold,  silver,  or  charcoal,  and  a  weak  solution  of  any 
of  the  mineral  acids.  4.  Lead,  with  gold  or  silver,  and  a  weak 
acid  solution.  5.  Any  of  the  foregoing  metallic  combinations, 
and  common  water.  C.  Copper,  gold,  silver,  and  a  solution  of 
nitrate  of  silver  and  mercury,  or  nitric  or  acetous  acid. 

Galvanic  Circles  of  the  Second  Order,  consist  of  one  conductor 
of  the  first  class,  and  two  of  the  second.  Charcoal,  copper, 
silver,  lead,  tin,  iron,  or  zinc,  with  water,  or  a  solution  of  any 
hydrogenated  alkaline  sulphurets,  capable  of  acting  on  the 
first  three  metals  only,  and  a  solution  of  nitrous  acid,  or 
oxygenated  muriatic  acid,  capable  of  acting  upon  metals. 

Theory  of  the  Action  of  Galvanic  Circles. — The  action  of  a 
single  galvanic  circle  depends  on  the  quantity  of  surface  in 
contact  between  the  acting  bodies  ;  and  a  high  temperature  is 
favourable  to  this  activity.  If  a  circle  consist  of  gold,  zinc, 
and  water,  the  interposition  of  iron  or  silver,  or  both,  does  not 
alter  the  activity.  Hence  it  appears  that  the  action  of  a  gal- 
vanic circle  may  be  conveyed  through  extraneous  conductors 
to  a  considerable  distance ;  but  it  must  be  observed,  that  the 
activity  is  weakened  by  the  great  length  of  the  conductors, 
especially  if  they  are  of  an  imperfect  nature 

When  the  three  bodies  which  form  a  galvanic  circle  of  the 
first  order  are  laid  one  upon  the  other,  so  that  the  lower  and 
upper  ones  do  not  touch  each  other,  then  these  two  extremes 
are  in  opposite  electric  states,  tiz.  the  extremity  which  is  next 
to  that  metallic  surface  that  touches  the  body  of  the  second 
class  is  positive,  and  the  opposite  extremity  is  negative.  Thus, 
let  copper,  zinc,  and  moistened  leather,  be  laid  one  upon  the 
other,  as  in  the  annexed  figure,  and  the  upper 
end  W,  viz.  the  moistened  leather,  will  be 
found  possessed  of  positive  electricity;  whilst 
the  lower  end  C,  or  the  copper,  will  be  found 
negative. 

Galvanic  Batteries. — Galvanic  effects  may  be  increased  to 
almost  any  degree,  by  connecting  several  of  the  above-men- 
tioned active  combinations,  or  by  a  repetition  of  the  same 
simple  galvanic  combination,  (the  most  active  simple  combi- 
nation forming  the  most  powerful  batteries,  and  vice  versa,) 
provided  the  simple  combinations  are  disposed  so  as  not  to 
counteract  each  other.  Those  batteries  are  said  to  be  of  the 
second  or  first  order,  according  as  the  simple  combinations  of 
which  they  consist  are  of  the  first  or  second  order. 

Example.  Thus,  if  a  piece  of  zinc  is  laid  upon  a  piece  of 
copper,  and  a  piece  of  moistened  card  upon  the  zinc,  then  a 
similar  arrangement  of  three  other  such  pieces  laid  upon  them, 
and  a  third  arrangement  upon  this,  &c.  all  in  the  same  order, 
the  whole  will  form  a  battery  of  the  first  order.  But  if  the 
arrangement  is  made  by  connecting  a  piece  of  copper  with  a 
piece  of  cloth  moistened  with  water,  the  latter  with  a  piece  of 
cloth  moistened  with  a  solution  of  sulphuret  of  potash,  and 
this  again  with  another  piece  of  copper,  &.c.  the  whole  will  form 
a  battery  of  the  second  order. 

Sir  Humphry  Davy  divides  the  batteries  of  the  second  order 
into  three  classes  :  first,  the  most  feeble,  in  which  metallio 
plates  are  so  arranged  that  two  of  their  surfaces  or  ends  oppo- 
site to  each  other  are  in  contact  with  different  fluids,  one 
capable  and  the  other  incapable  of  oxidating  the  metal.     2dly. 
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When  simple  combinations  consist  of  a  single  plate,  each 
capable  ot"  being  acted  upon  bj'  sulphuretted  bydrog;eii,  a  solu- 
tion of  sulphuret  of  potash  being  on  one  side,  and  water  on 
the  other.  3dly.  Metallic  substances  oxidable  in  acids,  and 
capable  of  action  on  solutions  of  sulphurets. 

Laws  of  Galvanic  Action. — The  parts  of  a  battery  must  not 
counteract  each  other.  Every  simple,  but  inteirupted  galvanic 
combination,  has  a  positive  and  a  negative  end,  i.  e.  the  elec- 
tric fluid  circulates  in  one  way  only. 

i?.r«tn/)/e.  Thus,  if  two  simple         Fig.  I.  Fig.  2. 

combinations  are  disposed,  as 
in  fig.  1,  this  arrangement  will 
not  have  any  galvanic  power, 

because  the  actions  of  the  two     Kh  |||i,      ji'S  Bk 

simple  combinations,  or  the  two     u't  W      t'lilit'  W>l 

currents  of  electricity,  are 
opposed  to  each  other,  the  two 
positive  ends  being  called  P, 
and  the  two  negative  ends  N.  But  if  those  fixed  bodies  are 
disposed  as  in  fig.  2,  then  the  combination  will  be  very  active, 
because,  according  to  the  hypothesis,  the  direction  of  the  elec- 
tric fluid  in  each  siniple  arrangement  tends  the  same  way,  and 
probably  the  one  accelerates  the  other. 

Wluit  has  been  said  of  the  above  arrangements  of  the  tw  o 
simple  galvanic  combinations,  must  be  likewise  understood  to 
hold  good  with  respect  to  the  connexion  of  any  number  of  the 
same,  viz.  that  they  must  not  counteract  each  other :  or  if  a 
certain  number  of  them  counteract  each  other,  then  the  remain- 
ing only  form  the  active  part  of  the  battery.  For  instance,  if  a 
battery  consists  of  forty  simple  combinations,  and  if  twelve  of 
them  are  placed  in  a  direction  contrary  to  the  otheis,  then 
these  twelve  will  counteract  twelve  others,  and  of  course  the 
whole  battery  will  have  no  more  power  than  if  it  consisted  of 
sixteen  combinations  properly  disposed. 

This  points  out  a  method  of  comparing  the  powers  of  two 
batteries ;  for  if  those  batteries  are  connected  in  ap  inverted 
order,  viz.  the  positive  end  of  one  to  touch  the  negative  end  of 
the  other ;  then  on  connecting  the  two  other  extremities,  or  on 
applying  them  to  proper  instruments,  the  whole  pow  er  will  be 
annihilated,  if  the  separate  batteries  had  equal  power  ;  other- 
wise the  power  of  the  whole  w  ill  be  the  excess  of  the  power  ot 
the  most  powerful  battery  above  that  of  the  weakest ;  and  the 
direction,  fir.  its  being  positive  or  negative,  will  shew  to  which 
battery  it  belongs.  It  must  be  observed,  with  respect  to  the 
inactive  arrangement  of  figure  1,  that  if  one  of  the  separate 
bodies  Z,  is  removed,  then  the  remaining  five  bodies  will  form 
an  active  combination,  for  in  that  case  W  W  become  one 
body,  and  S  S  likewise  act  as  one  body. 

Construction  of  Galvanic  Batteyies. —  When  three  bodies  are 
selected  for  the  battery,  the  operator  has  only  to  make  tlieir 
contact  perfect,  and  the  batteries  may  be  of  the  forms  repre- 
sented by  figs  I,  2,  3.  Those  of  figs.  1,  2,  are  more  easily  con- 
structed;  that  of  fig.  3,  however,  is  the  most  commodious. 
Fig.  1.  Fi^.  2. 
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The  battery  fig.  1,  con- 
sists of  several  glasses  or 
China  cups  full  of  water, 
or  of  water  containing 
salt,  &c.  A  plate  of  zinc 
and  a  plate  of  silver  arc 
plunged  into  the  fluid  o*' 

each   cup,  excepting  th  —  ^----  '  -^ 

first  and  last  cups ;   but 

each  of  those  plates  must  have  a  sort  of  tail  or  prolongation, 
by  which  they  are  so  connected  that  the  silver  plate  of  one  cup 
communicates  with  the  zinc  plate  of  the  next,  and  so  on.  The 
battery  fig.  2,  consists  of  pieces  of  silver  about  the  size  of  half- 
crowns,  pieces  of  zinc  of  about  an  equal  size  to  those  of  the  silver, 
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and  pieces  of  card  or  cloth,  leather,  or  other  bibulous  substance, 
a  little  smaller  in  diameter  than  the  metallic  pieces,  and  soaked 
in  water  or  in  any  other  proper  fluid.  These  pieces  are  dis- 
posed in  the  order  silver,  zinc,  and  wet  cloth,  as  indicated  by 
the  letters  S,  Z,  W.  The  pieces  of  card  or  cloth,  &c.  must  be 
well  soaked  in  the  fluids  ;  but  before  they  are  applied,  they 
should  be  squeezed,  in  order  that  the  superfluous  fluid  may 
not  rua  down  the  outside  of  the  pile,  or  insinuate  itself 
between  the  contiguous  pieces  of  silver  and  zinc.  Those 
pieces  especially,  if  soaked  in  common  water,  lose  their  mois- 
ture pretty  soon,  so  that  they  can  hardly  serve  longer  than  for 
a  day  or  two ;  after  which  time  the  pile  must  be  deranged,  the 
metallic  pieces  cleaned,  those  of  cloth  or  card  soaked  again, 
and  the  whole  arranged  as  before.  The  three  rods,  R,  R,  R, 
are  of  glass  or  of  baked  wood,  and  the  piece  of  wood,  O,  slides 
freely  up  or  down  the  rods.  This  serves  to  prevent  the  falling 
of  the  pieces.  When  such  a  battery  is  to  be  very  powerful, 
that  is  to  say,  when  it  is  to  consist  of 
numerous  pieces,  the  best  way  is  to  form 
two  or  more  piles,  and  to  join  them  by 
pieces  of  metal,  as  C  C,  in  fig.  4,  where 
two  piles  are  joined  together,  so  that  a  is 
the  negative  extremity,  and  b  is  the  posi- 
tive one  of  the  whole  arrangement,  or  of 
the  two  piles,  a  considered  as  one.  The 
battery,  fig.  3.  consists  of  a  strong  oblong 
vessel  of  baked  wood  or  porcelain,  about 
three  inches  deep,  and  as  much  broad. 
In  the  side  of  this  vessel  grooves  are 
made  opposite  to  each  other,  and  about 
one-eighth  of  an  inch  in  depth.  In  each 
pair  of  opposite  grooves  a  double  metallic  plate,  viz.  a  plate  of 
zinc  and  a  plate  of  silver  soldered  together  at  their  edges,  are 
cemented,  or  the  plates  may  be  put  in,  connected  only  at  their 
upper  ends  ;  by  which  means  the  wooden  vessel  is  divided  into 
several  cells  or  partitions,  about  half  an  inch  wide,  as  is  indi- 
cated by  the  figure.  The  cementation  of  the  metallic  pieces 
into  the  sides  and  the  bottom  of  the  w  ooden  vessel,  must  be  so 
accurate  as  not  to  permit  the  passage  of  any  fluid  from  one 
cell  into  the  next.  The  cement  proper  for  this  purpose,  is 
made  by  melting  together  five  parts  of  resin,  four  parts  of  bees- 
wax, and  two  parts  of  powdered  red-ochre.  Those  cells  are 
afterwards  filled  almost  to  the  top  with  water,  or  any  other 
fluid,  according  to  the  foregoing  table,  and  thus  the  whole  will 
form  a  battery,  consisting  of  various  repetitions  of  silver,  zinc, 
and  fluid.  Two  or  more  of  such  batteries  may  be  joined,  as  was 
said  of  the  preceding  battery. 

It  need  hardly  be  observed,  that  instead  of  zinc,  copper,  and 
water,  other  combinations  may  be  made  according  to  the  table. 
At  present,  the  last  described  batteries  are  constructed  with 
copper,  zinc,  and  water  mixed  with  a  small  portion  of  nitric  or 
muriatic  acid.  For  the  construction  of  such  batteries  it  is  of 
little  consequence  whether  the  materials  are  pure  or  slightly 
alloyed.  The  action  of  all  these  batteries  is  greatest  when 
they  arc  first  completed  or  filled  with  any  fluid  ;  and  it  declines 
in  proportion  as  the  metal  is  oxidated  or  the  fluid  loses  its 
power.  Hence,  after  a  certain  time,  the  fluid  must  not  only  be 
changed,  but  tlie  pieces  must  be  cleaned,  by  removing  the  oxi- 
dated surface,  which  is  done  either  by  filing  or  rubbing  them 
with  sand,  or  sand  paper,  or  by  immersing  them  for  a  short 
time  in  diluted  muriatic  acid,  and  then  wiping  them  with  a 
coarse  cloth.  The  metallic  pieces  of  fig.  4,  may  be  cleaned  by 
the  last  method,  and  wiped  by  introducing  a  stick  with  a  rag 
into  the  cells.  The  energy  of  galvanic  batteries,  when  the 
troughs  are  porcelain,  may  be  restored  by  merely  lifting  out 
the  metals,  and  exposing  them  to  the  action  of  the  atmosphere. 
This  much  may  be  suflicient  with  respect  to  the  construction  of 
simple  and  compound  galvanic  arrangements. 

Galvanic  Experiments. — Experiment  1.  When  the  galvanic 
battery  of  the  first  order  consists  of  twenty  repetitions  of  sim- 
ple combinations,  and  if  with  one  hand  one  extremity  of  a 
battery  be  touched,  and  the  other  hand  be  applied  to  the  other 
extremity  of  tlie  battery,  a  shock  will  be  felt,  like  that  which  is 
communicated  by  a  Leyden  phial  weakly  charged,  and  it  wiJl 
hardly  be  felt  beyond  the  fingers,  or  at  most  the  wrists.  This 
shock  will  be  felt  as  often  as  the  contact  is  repeated. 
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y„lc. — Tlie  battery  in  the  following  experiment,  is  the  form 
uf  that  most  usually  sold  hy  the  philosophical  instrument 
makers.  The  nitric  and  muriatic  acid  may  be  had  at  any 
chemist's  shop. 

2.  If  the  hands  are  continued  Fir/,  i. 
in  contact  with  the  extremities 

b  and  n,  a  slight  but  continued 
irritation  will  be  perceived;  and 
when  the  hand  which  touches 
the  extremity  of  the  battery  is 
excoriated  or  wounded,  tliis 
sensation  is  disagreeable,  and 
rather  painful. 

3.  Instead    of  one   person, 
several  persons  may  join  hands, 

(well  moistened  with  water,)  and  on  completing  the,  circuit, 
they  will  all  feel  the  shock  at  the  same  instant.  liut  the 
strength  of  the  shock  is  much  diminished,  by  its  passing 
through  the  several  persons,  or,  in  general,  by  passing  through 
less  perfect  conductors. 

4.  The  shock  from  a  battery  consisting  of  fifty  or  sixty  repe- 
titions, of  the  most  active  combinations  of  the  first  order,  may 
be  felt  as  far  as  the  elbows,  and  the  combined  force  of  five  or 
six  such  batteries  will  give  a  shock  much  stronger,  perhaps, 
than  most  men  would  be  willing  to  receive.  Tlie  prepared 
limbs  of  a  frog  or  other  animal  are  violently  convulsed  ;  but 
soon  exhausted  of  their  irritability  by  the  action  of  a  galvanic 
battery,  and  its  action  on  a  person  lately  executed  at  Glasgow 
was  the  most  singularly  terrific  that  medical  practitioners  had 
ever  witnessed. 

6.  If  a  wire,  proceeding  from  one  extremity  of  a  pretty 
strong  battery,  is  made  to  communicate  with  the  inside  coat- 
ing ;  and  a  wire  which  proceeds  from  the  other  extremity  of 
the  battery  is  made  to  communicate  with  the  outside  coating 
of  a  common  large  jar  or  electrical  battery;  the  latter  will 
become  weakly,  but  almost  instantaneously,  charged  in  the 
same  manner  as  if  it  had  been  charged  by  a  few  turns  of  a 
common  electrical  machine;  with  this  charge  you  may  either 
give  the  shosk  or  ellcct  on  the  electrometer. 

G.  The  spark,  or  the  discharge  of  a  galvanic  battery,  when 
sent  through  thin  inllammablc  bodies  that  are  in  contact  with 
common  air,  or  oxygen  gas,  sets  them  on  fire  and  consumes 
them  with  wonderful  activity.  It  fires  gunpowder,  hydrogen 
gas,  phosphorus,  and  other  combustibles  ;  it  renders  red-hot, 
fuses,  and  oxidates  very  slender  metallic  wires,  and  metallic 
leaves.     The  mode  of  applying  the  power  of  the  battery  for 
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such  purposes,  is  shewn  in  lig.  2,  where 
A  B  represents  a  powerful  galvanic  bat- 
tery ;  A  C  D  F,  is  a  wire  which  commu- 
nicates with  the  l.ast  plate  of  the  battery 
at  A ;  B  K  H  G  is  another  wire  which 
communicates  with  the  last  plate  at  B. 
D  E,  HI,  are  two  glass  tubes,  through  which  those  wires  pass, 
and  into  which  they  are  fastened  sufticiently  steady.  Those 
tubes  serve  to  move  the  wires  ;  for  if  the  operator  applies  bis 
fingers  to  those  tubes,  he  may  move  the  wires  wlR-rever  he 
pleases,  without  the  fear  of  receiving  a  shock.  If  the  two 
extremities  F  G,  are  brought  suOSciently  near  to  one  another, 
the  spark  will  be  seen  between  them.  It  is  between  those 
extremities  that  the  combustible  substances,  or  the  metallic 
leaf,  is  to  be  placed  in  order  to  be  fired  or  burned.  This  figure, 
moreover,  represents  the  situation  of  the  wires  in  the  act  of 
inflaming  gunpowder. 

7.  A  battery  consisting  of  200  pairs  of  metallic  plates  (viz. 
copper  and  zinc,  each  five  inches  square)  melted  23  inches  of 
very  fine  iron  wire.     A  platina 
wire  about  -^  inch  in  diameter, 
was  melted  into  a  globule.   Fig. 
3,  is   the   representation  of  a 
compound  battery  of  the  same 
kind,    fastened    together   with 
iron    cramps   a,  l>,  c.     Under 
the  exhausted   receiver  of  the 
air  pump,  the  galvanic  battery 
acts  less  powerfully  than  in  the  open  air;  but  in  oxygen  gas, it 
acts  with  increased  power. 
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8.  The  flash  of  light,  which  appears  before  the  eye  of  the 
experimenter,  when  the  eye  itself  or  some  other  part  not  very 
remote  from  it.  is  put  in  the  circuit  of  a  galvanic  combioatioD, 
does  not  appear  much  greater  when  a  battery  is  employed  than 
when  two  plates  are  applied  in  the  manner  which  has  been 
already  mentioned  ;  but  w  lun  the  battery  is  used,  the  sensatioo 
of  a  flash  may  be  produced  in  \arious  ways.  If  one  hand  or 
both  be  placed  in  contact  with  one  extremity  of  the  battery, 
and  almost  any  part  of  the  face  brought  into  contact  with  the 
oilier  extremity,  the  flash  will  appear  very  distinctly,  the 
experimenter  being  in  the  dark,  or  keeping  his  eyes  shut. 
This  flash  appears  very  strong,  when  a  wire  which  proceeds 
from  one  extremity  of  the  battery,  is  held  between  the  teeth, 
and  rests  upon  the  tongue,  whilst  the  other  wire  is  held  in  the 
hand.  In  this  case,  the  lips  and  tongue  are  convulsed,  the 
Hash  appears  before  the  eyes,  and  a  very  pungent  taste  is  per- 
ceived in  the  mouth. 

i).  If  any  part  of  the  human  body,  forming  part  of  the  circuit 
of  a  galvanic  battery,  is  kept  somelimes  in  that  situation,  the 
irritation  is  more  or  less  distinct,  according  to  the  sensibility  of 
the  parts  concerned.  This  application  is  likely  to  prove  most 
useful  as  a  remedy  in  various  disorders.  It  is  said,  that  it  has 
already  proved  most  beneficial  in  deafness  and  in  rheumatisras. 

Decompuiitiun  af  Compound  Bullies.— The  most  extraordinary 
phenomena  of  galvanic  batteries,  are  the  chemical  cfi'ccts  pro- 
duce<l  upon  bodies  placed  in  a  circuit.  Thus,  when  into  two 
small  lubes,  connected  by  a  moist  animal  substance,  and  filled 
with  distilled  water,  two  gold  wires  are  introduced  from  a 
large  battery  in  the  proper  order,  oxygen  is  produced  in  one 
fjuanlity  of  water  and  hydrogen  in  the  other,  nearly  in  the  pro- 
portions in  which  they  arc  required  to  form  water  by  combus- 
tion. All  the  oxygenated  solutions  of  bodies  possessing  less 
afiinity  for  oxygen  than  nascent  hydrogen,  are  decomposed 
when  exposed  to  the  action  of  the  metal  occupying  t!ie  place 
of  the  least  oxidable  part  of  the  series  in  the  compound  circle. 
Thus  we  may  pro<lncc  sulphur  from  sulphuric  acid  ;  and  preci- 
pitate copper  and  other  metals  in  the  metallic  form,  from  their 
solutions. 

On  bringing  potash  and  soda  within  the  action  of  a  powerful 
battery.  Sir  11.  Davy  found  that  metalline  substances  were 
produced,  which  he  has  named  potassiitm  and  sodium. 

It  is  well  known,  that  hydrogen  in  its  nascent  state,  reduces 
the  oxide  of  metals.  Accordingly,  when  a  tube  is  filled  with  a 
solution  of  acetate  of  lead  in  distilled  water,  and  a  communi- 
cation is  made  with  the  battery,  as  above  described,  no  gas  is 
perceived  to  issue  from  the  wire  which  proceeds  from  the 
negative  end  of  the  battery;  but,  in  a  few  minutes,  beautiful 
metallic  needles  are  perceived  on  the  extremity  of  this  wire; 
they  soon  increase,  and  assume  the  form  of  a  fern  leaf,  or  other 
vegetable.  The  lead  thus  separated,  is  in  its  perfect  metallic 
state,  and  very  brilliant.  When  a  solution  of  sulphate  of  cop- 
per is  employed,  the  copper  is  precipitated  in  its  metallic 
state  ;  but  instead  of  appearing  in  crystals,  it  forms  a  kind  of 
button,  which  adheres  firmly  to  llwe  end  of  the  wire.  The 
efiects  of  the  galvanic  battery  upon  the  human  frame  when 
dead,  are  extraordinary,  but  of  these  we  cannot  now  treat. 

Improvement  in  tlie  Galvanic  Jfattrri/. —  Professor  Oersted, 
among  his  other  discoveries  on  the  alhnily  between  electricity 
and  galvanism,  has  ascertained  the  important  fact,  that  to  pro- 
duce an  active  inlluence  on  the  magnetic  needle,  and  divert  it 
from  its  position,  exposing  it  to  the  action  of  a  single  pair  of 
discs  of  copper  and  zinc,  separated  by  a  conducting  body,  will 
be  sullicient ;  and  that  this  simple  apparatus  will  act  w ith  more 
force  than  an  entire  pile.  By  this  simplification  of  the  galvanic 
process,  he  has  suspended  two  plates  of  copper  and  zinc  sepa- 
rated by  a  liquid  conductor,  to  a  very  fine  thread;  and  he  has 
found  this  arrangement  competent  to  give  them  a  higher  de- 
gree of  mobility,  and  to  render  them  susceptible  of  obeying  or 
yielding  to  the  action  of  exterior  agents  however  feeble.  Little 
bars,  strongly  magnetized,  presenting  either  of  their  poles  to 
the  apparatus,  repulsed  or  attracted  it,  imparting  a  rotatory 
movement  about  the  point  of  suspension. 

GAM  BOCK,  a  concreted  vegetable  juice,  partly  of  a  gammy 
and  partly  of  a  resinous  quality,  brought  from  India. 

GAMF,  in  general,  signifies  any  diversion  or  sport  performed 
with  regularity,  or   restrained   to  rules.     Games  are  usually 
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distinguished  into  Ibose  of  address  and  those  of  hazard.  To 
the  first  belong  chess,  tenis,  billiards,  wrestling.  Sec.  and  to 
the  latter  those  performed  with  cards  or  dice,  as  backgammon, 
ombre,  pie,qiiet,  whist.  Sec. 

Games,  in  Anti(iuity,  were  public  diversions,  exliibited  on 
solemn  occasions.  Such,  among  the  Greeks,  were  the  Olympic, 
Pythiau,  Nemapan,  Sec.  games;  and  among  the  Romans,  the 
Apollinarian,  Circensian,Capitoliue,  Sec.  games.  The  Romans 
had  three  sorts  of  games,  tur.  sacred,  honorary,  and  ludicrous. 
The  first  were  instituted  in  honour  of  some  deity  or  hero:  of 
■which  kind  were  those  already  mentioned,  together  with  the 
augustalis,  doralis,  palatini.  Sec.  The  second  were  those  exhi- 
bited by  private  persons  to  please  the  people,  as  the  coml)ats  of 
gladiators,  the  scenic  games,  and  other  aniphitheatrical  sports. 
The  ludicrous  games  were  much  of  the  same  nature  with  the 
games  of  exercise  and  hazard  among  us  ;  such  were  the  ludus 
trojanus,  tessera;,  tall,  troclius,  Sec. 

Game.  It  is  a  maxim  of  the  common  law,  that  goods  of 
which  no  person  can  claim  any  property,  belong  to  the  king: 
hence  those  animals,  (fera?  natura;,)  which  come  under  the 
denomination  of  game,  are  styled  in  our  laws  his  majesty's 
game;  and  that  which  he  has,  he  may  grant  to  another;  in 
consequence  of  which,  another  may  prescribe  to  have  the  same 
within  such  a  precinct  or  lordship.  And  hence  originated  the 
right  of  lords  of  manors,  or  others,  to  the  game  within  their 
respective  liljerties.  For  the  preservation  of  these  species  of 
animals,  for  the  recreation  and  amusement  of  persons  of  for- 
tune, to  whom  the  king  has  granted  the  same,  various  acts  of 
parliament  have  been  made.  To  entitle  any  one  to  kill  game, 
he  must  now  take  out  a  certificate,  upon  which  a  stamp  duty  is 
payable.  There  are  innumerable  acts  of  parliament  infiicting 
penalties  on  persons  illegally  killing  game,  and  some  of  them 
exceedingly  severe,  extending  even  to  transportation.  Yet, 
whilst  so  many  persons  of  great  wealth  have  not  otiierwise  the 
means  of  procuring  game  except  by  purchase,  and  nre  desirous 
of  having  it,  the  encouragement  thus  given  to  poaching  will 
continue  to  render  all  game  laws  nugatory  as  to  the  effect 
intended.  It  is  not  lawful  for  qualified  persons  to  kill  game  at 
all  seasons.  The  time  for  sporting,  in  the  day,  is  from  one 
hour  before  sun -rising,  until  one  hour  after  sun -setting. 
10  Geo.  III.  c.  10.  For  bustards,  the  sporting  is  from  Dec.  1  to 
March  1.  For  grouse,  or  red  grouse,  from  Aug.  11  to  Dec.  10. 
Hares  may  be  killed  all  the  year  under  the  restrictions  in  10 
Geo.  III.  o.  19.  Heath  fowl,  or  black  game,  from  Aug.  20  to 
Dec. '20.  Partridges,  from  Sept.  I  to  Feb.  '2.  Pheasants,  from 
Oct.  I  to  Feb.  1.  Widgeons,  wild  ducks,  wild  geese,  «ild 
fowls,  at  any  time  but  in  June,  July,  August,  and  September. 

GAMELION,  in  Ancient  Chronology,  was  the  eighth  month 
of  the  Athenian  year,  containing  29  days,  and  answering  to 
the  latter  part  of  our  January  and  beginning  of  February. 

GAMING,  Laws  of.  These  are  founded  on  the  doctrine  of 
chances.  De  Moivre,  in  his  treatise  De  Mensura  Sorlis,  has 
computed  the  variety  of  chances  in  several  cases  that  occur  in 
gaming,  the  laws  of  which  may  be  understood  by  what  follows. 
Suppose  p  the  number  of  cases  in  which  an  event  may  happen, 
and  </ the  number  of  cases  wherein  it  may  not  happen,  Ijoth 
sides  have  the  degree  of  probability,  which  is  to  each  other  as 
p  to  q.  If  two  gamesters,  A  and  B,  engage  on  this  footing, 
that  if  the  cases p  happen  A  shall  win;  but  if  «jr  happen,  B 

shall  win,  and  the  stake  be  a;  the  cliance  of  A  will  be  — —, — 

p   +    q- 

q  a 
;  hence,  if  they  sell  the  expectancies, 


and  that  of  B 


;'  +  <] 

they  should  have  that  for  them  respectively.     See  Cha.nces. 

GAMMONING,  seven  or  eight  turns  of  a  rope,  passed  over 
the  bowsprit,  and  through  a  large  hole  in  the  stem  or  knee 
of  the  head,  alternately,  and  serving  to  bind  the  inner 
quarter  of  the  bowsprit  close  down  to  the  ship's  stem,  in  order 
to  enable  it  the  better  to  support  tlie  stays  of  the  foremast; 
after  all  the  turns  are  drawn  as  firm  as  possible,  the  opposite 
ones  are  braced  together  under  the  bowsprit  by  a  fra|)ping. 

GAMUT,  or  Ga.m-i'T,  in  Music,  a  scale  on  which  we  may 
learn  to  sound  the  musical  notes  tit ,  re,  mi,  fa,  sol,  la,  in  their 
several  orders  and  dispositions. 

GANG,  a  select  number  of  a  ship's  crew  appointed  on  any 


particular  service,  and  commanded  by  an  oBicer  suitable  to  the 
occasion. 

Gang  Board,  a  plank  or  board,  with  several  cleats  or  steps 
nailed  to  it,  for  the  convenience  of  walking  into  or  out  of  a 
boat  upon  the  shore,  where  the  water  is  not  deep  enough  to 
float  the  boat  close  to  the  landing  place. 

Gang,  ox  Gangne,  in  .Mineralogy,  is  a  word  used  by  German 
mineralogists  io  denote  a  metallic  vein.  But  according  to  the 
French,  it  denotes  the  stony  matter  which  accompanies  the  ore 
in  the  vein. 

GANGRENE,  is  a  great  and  dangerous  degree  of  inflam- 
mation wherein  the  parts  begin  to  be  in  a  state  of  mortification. 

G.\NGWAY,  a  narrow  platform,  or  range  of  planks,  laid 
horizontally  along  the  upper  part  of  a  ship's  side,  from  the 
((uartcr  deck  to  the  forecastle,  and  is  peculiar  to  ships  that  are 
deep  waisted,  for  the  convenience  of  walking  more  expedi- 
tiously fore  and  aft,  than  by  descending  into  the  waist :  it  is 
fenced  on  the  outside  by  iron  stanchions,  and  ropes  or  rails, 
and  in  vessels  of  war  with  a  netting,  in  which  part  of  the  ham- 
mocks are  stowed.  In  merchani  ships,  it  is  frequently  called 
the  f/ an  (J -hoard. 

Gangway,  is  also  that  part  of  a  ship's  side,  both  within  and 
without,  by  which  persons  enter  and  depart ;  it  is  provided 
with  a  sufficient  number  of  steps,  or  cleats,  nailed  upon  the 
ship's  side,  nearly  as  low  as  the  surface  of  the  water,  and  some- 
times furnished  with  a  railed  accommodation  ladder,  resembling 
a  llight  of  stairs  projecting  from  the  ship's  side,  and  secured  by 
iron  braces. 

Gangway,  is  also  used  to  signify  a  narrow  passage  left  in 
the  hole  vhen  a  ship  is  laden,  in  order  to  enter  any  particular 
place  as  occasion  may  require,  whether  to  examine  the  situa- 
tion of  the  provisions  or  cargo  ;  to  discover  and  stop  a  leak,  or 
to  bring  out  any  article  that  is  wanted.  Finally,  Gangway 
implies  a  thoroughfare,  or  narrow  passage  of  any  kind. 

To  bring  to  the  Gangway,  a  phrase  signifying  to  punish  a 
seaman  by  seizing  him  up  and  Hogging  him  with  a  cat-o'-nine- 
tails 

GANTLOPE,  or  Gauntlope,  vulgarly  pronounced  Gantlet, 
a  race  which  a  criminal  is  sentenced  to  run  in  a  vessel  of  war, 
for  felony,  or  some  other  heinous  oll'ence.  It  is  executed  in 
the  following  manner  : — The  whole  ship's  crew  is  disposed  in 
two  rows,  standing  face  to  face  on  both  sides  the  deck,  so  as 
to  form  a  line  whereby  to  go  forward  on  one  side  and  aft  on 
the  other,  each  person  being  furnished  with  a  small  twisted 
cord  called  a  knittle,  having  two  or  three  knots  upon  it ;  the 
delinquent  is  then  stripped  naked  above  the  waist,  and  ordered 
to  pass  forward  between  the  two  rows  of  men  on  one  side  and 
aft  on  the  other  side,  a  certain  number  of  times,  rarely  exceed- 
ing three,  during  which  every  person  gives  him  stripes  as  he 
runs  along ;  in  his  passage  he  is  sometimes  tripped  up  and 
severely  handled  while  incapable  of  proceeding ;  this  punish- 
ment, V  hich  is  called  running  the  gantlet,  is  seldom  infiicted 
except  for  such  crimes  as  naturally  excite  general  antipathy 
amongst  the  seamen. 

GARBOARD-STRE.\K,  the  first  range  or  streak  of  planks 
laid  upon  a  ship's  bottom,  next  the  keel,  throughout  the  whole 
length  of  the  iToor.  The  edge  of  this  plank  is  let  into  a  groove 
or  channel  in  the  side  of  the  keel,  which  is  called  the  rabbet  of 
the  garboard-streak. 

GARDENING.  This  art,  so  natural  to  man,  may  be  divided 
into  two  branches,  practical  and  picturesque.  A  garden, 
properly  speaking,  is  a  small  spot  of  ground  attached  to  the 
house. '  As  the  house  is  itself  a  regular  and  formal  object,  so 
we  naturally  expect  something  of  the  saraeregularity  in  this 
appendage.  Neatness  too  is  one  of  the  chief  excellences  of  a 
garden,  and  this  is  wholly  inconsistent  with  a  rage  for  the  pic- 
turesque.    See  Loudon's  Cvcloi'.edia  of  Gardening. 

The  situation  of  a  garden  should  be  dry,  rather  low  than 
high,  and  sheltered  from  the  north  and  east  winds.  These 
l)Oints  of  the  compass  should  be  guarded  against  by  a  wall  ten 
feet  high  ;  lower  walls  do  not  answer  so  well  for  fruit  trees. 
A  garden  should  be  so  situated,  as  to  be  as  much  warmer  as 
possible  than  the  general  temper  of  the  air  is  without,  or  ought 
to  be  made  warmer  by  the  ring  and  subdivision  fences.  A 
garden  may  be  square,  but  an  oblong  is  preferred,  and  the  area 
rather  a  level ;  or  if  there  is  a  slope  it  should,  be  southward,  a 
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point  either  to  the  cast  or  west  not  much  signifying  ;  but  not 
to  llie  nortli,  if  it  can  be  avoided,  because  crops  come  in  late, 
and  plants  do  not  stand  the  winter  so  well  in  siicli  a  situation. 
A  garden  with  a  northern  aspect  has  advantages,  being  cooler 
for  some  summer  productions. 

The  best  soil  for  general  cultivatioD  is  a  loam,  rather  red  than 
black.  The  worst  is  a  cold  heavy  clay,  and  the  next  a  light 
sand  ;  a  moderate  clay,  however,  is  better  than  a  light  soil, 
though  not  so  pleasant  to  work.  The  aspect  of  the  wall 
designed  for  the  best  fruits  may  be  full  south  ;  or  inclining  to 
east,  by  which  it  will  catch  the  sun's  rays  at  its  rise,  the  cold 
night-dews  be  earlier  dissipated,  and  the  scorching  rays  of 
the  afternoon  sun  are  sooner  oil'.  By  thus  having  the  walls  of 
a  garden  not  directly  to  the  four  points,  the  north  wall  is 
greatly  advantaged  by  having  more  run. 

The  border  next  this  wall  should  be  of  good  earth,  about 
two  feet  deep,  rising  a  little  towards  the  wall.  A  free  mode- 
rate loam,  or  some  fresh  maiden  soil,  not  too  light,  is  essential 
to  make  the  borders  promising  good  ;  and  in  order  to  this,  if 
manure  is  necessary,  let  it  be  that  of  rotted  vegetables,  or 
turf,  with  wood  ashes;  for  the  roots  of  fruit-trees  should  not 
meet  with  much  dung,  at  least  of  horses  ;  that  of  cows  is  the 
best,  or  that  of  sheep  or  hogs  will  do  well  rotted,  well  mixed, 
&c.  being  worked  in  the  borders  as  long  as  possible  before  the 
trees  are  planted. 

If  a  garden  is  large  and  square,  a  second  south  wall,  running 
down  tlie  middle  of  it,  would  be  useful ;  and  so,  if  Inrge  and 
long,  a  cross  wall  or  two  might  be  adopted,  as  giving  oppor- 
tunity for  the  cultivation  of  more  trained  fruit-trees  ;  and  if 
tliere  is  any  idea  of  forcing  fruits,  these  intersecting  walls, 
ranging  east  and  west,  are  proper  for  it,  (as  situated  within  the 
ring  fence,)  furnished  with  flues,  Sec.  The  best  fruit  border 
being  prepared  for  peaches,  nectarines,  and  apricots,  or  vines 
and  figs,  the  trees  should  take  their  residence  there,  (if  the  leaf 
is  falling,)  about  the  latter  part  of  October.  If  the  middle  of 
December  is  past,  February  is  then  the  time  ;  though  gardeners 
plant  all  winter,  if  the  weather  is  open  enough  to  work  the 
ground.  March,  however,  may  do,  or  even  the  beginning  of 
April. 

Wall  trees  should  not  be  older  than  two  years  from  grafting 
or  budding.  Except  in  line  situations,  never  plant  early  and 
late  peaches  ;  as  the  first  may  be  cut  oil',  and  the  latter  not 
ripen.  The  distance  to  plant  should  be  about  twelve  inches 
from  the  wall :  and  let  apricots,  peaches,  and  nectarines  be 
twenty  feet  asunder,  or  according  to  the  height  of  the  wall; 
though  for  the  small  early  sorts  fifteen  or  sixteen  feet  will  do. 
As  the  larger  apricots,  however,  grow  freely,  and  do  not  well 
endure  the  knife,  they  ought  to  have  twenty-live  feet  allowed 
them.  This  is  for  a  wall  nine  or  ten  feet  high;  if  higher,  the 
distance  may  be  less,  and  if  lower,  the  contrary.  Fig  trees 
require  as  much  room  as  the  apricot,  or  rather  more ;  as  they 
grow  freely,  and  are  to  extend  without  shortening.  Though 
other  trees  are  best  planted  in  October,  the  fig  should  not  be 
till  March.  The  intermediate  spaces  between  peaches,  necta- 
rines, and  apricots,  may  have  a  vine,  a  dwarf  cherry,  or  currant 
or  gooseberry  tree  of  the  early  sorts,  as  the  smooth  green  and 
small  red,  to  come  in  early.  But  wherever  grapes  can  be 
expected  to  ripen,  there  let  a  young  plant  or  cutting  be  set, 
though  the  space  should  be  conlined;  for  the  vine,  freely  as  it 
shoots,  bears  the  knife  well  to  keep  it  within  bounds.  If  the 
wall  is  high,  the  cherry  or  plum  may  be  half-standards  ;  which 
being  aft(!r  a  while  kept  above,  will  be  more  out  of  the  way  of 
the  principal  trees  ;  though  dwarfs  may  be  trained  so  as  not  to 
interfere.  Some  have  planted  half-standards  of  the  same 
kind  of  fruit  as  the  dwarfs;  but  whichever  mode  is  adopted, 
let  the  intermediate  trees  be  pruned  away  below  in  good  time, 
in  order  to  accommodate  the  principals  freely  as  they  mount 
and  extend. 

Plums,  cherries,  and  pears,  may  occupy  the  other  walls  ;  the 
two  former  at  about  fifteen  feet,  or  it  may  be  twenty  feet 
asunder.  Cherries,  except  the  morella,  will  not  do  well  in  a 
full  north  aspect;  but  any  sort  of  plum  (rather  a  late  one) 
and  summer  pears,  and  also  nut  trees,  will,  if  you  choose  to  train 
them.  Tliere  should  always  be  some  curmnts  and  gooseberries 
in  an  east  and  north  situation,  at  the  distance  of  eight  feet, 
where  they  will  be  easily  matted,  when   ripe,  to  come   in  late, 


as  October,  November,  or  perhaps  December.  Pear  trees  ot 
free  growth  are  hardly  to  be  kept  within  tolerable  compass  on 
low  walls;  but  if  attempted,  should  have  at  least  thirty  feet 
allowed  them.  The  best  sorts  of  winter  pears  deserve  a  south- 
erly wall  to  ripen  them  well,  and  improve  them  in  size  and 
flavour.  The  gable  end  of  a  house  is  well  adapted  for  a  pear- 
free,  as  it  affords  room,  which  they  require.  Apples  may  do  well 
on  a  wall,  (and  if  any  on  a  good  wall,  let  it  be  the  golden  pippin,) 
yet  the  practice  is  seldom  adopted.  For  furnishing  walls,  choose 
trees  of  moderate  wood,  young,  well  rooted,  clean,  and  healthy. 

When  the  planting  of  a  garden  is  finished,  it  will  be  a  good 
way  to  have  a  plan  of  it  taken,  with  the  name  of  every  pecu- 
liar tree  marked  on  it  in  its  place,  to  be  assured  of  the  sorts 
when  they  come  to  bear.  Here  it  may  be  observed,  that  if  any 
evergreen  hedges  are  desired  in  or  about  the  garden,  yew, 
box,  alaternus  celastrus,phillyrea,and  pyracantha.  may  be  kept 
low,  and  clipped  in  form,  if  so  desired  ;  in  addition  to  which, 
if  a  few  roses  were  intermixed,  it  would  have  a  very  pretty 
efl'ect.  A  deciduous  hedge  for  subdivision,  or  screen,  &r. 
may  be  made  of  elms  or  limes,  setting  the  larger  plants  at  five 
feet  asunder,  and  a  smaller  one  between.  Or  an  ordinary 
fence,  or  subdivision,  may  be  quickly  formed  of  elder  cuttings, 
stuck  in  at  two  feet  asunder,  which  may  be  kept  cut  within 
bounds. 

A  w  ide  body  next  the  south  wall,  as  was  said,  is  best  for  the 
trees;  and  moreover,  for  the  many  uses  that  may  be  made  of 
it  for  the  smaller  early,  or  late  tender  esculents,  and  a  few 
earlier  caulillowcrs.  For  the  sake  of  a  pleasant  warm  walk  in 
spring,  to  have  the  south  border  narrow  may  be  desirable ; 
but  on  no  account  let  it  be  less  than  six  feet.  Take  care  that 
this  walk  is  not  sunk  loo  much ;  and  that  it  have  a  bottom  of 
good  cartli,  as  deep  as  where  the  trees  are  planted.  Let  the 
body  of  gravel  be  thin,  and  then  the  roots  of  the  trees  will  be 
admitted  to  run  properly  under  the  walk,  and  find  wholesome 
nourishment;  where,  if  they  were  stopped  by  rubbish,  they 
would  be  apt  to  canker,  and  irrevocably  disease  the  trees. 
The  number  and  breadth  of  the  walks  must  in  a  measure  be 
determined  by  the  quantity  of  allotted  ground  ;  exceeding  in 
these  particulars  where  there  is  room.  But  few  and  wide 
walks  are  better  than  many  and  contracted.  If  edgings  are  to 
be  made,  in  order  to  separate  between  the  earth  and  gravel, 
especially  if  of  stone  or  wood,  or  box,  they  should  be  done 
lirst,  and  they  will  be  a  good  rule  to  lay  the  box  by.  Grass 
walks  may  answer  where  gravel  is  scarce.  Camomile  has  been 
also  used  to  form  green  or  carpet  walks,  planting  it  in  sets 
about  nine  or  ten  inclies  asunder;  which  naturally  spread!  ns,  the 
runners  are  fixed  by  walking  on  them,  or  rolling.  Sand  may 
be  adopted  for  walks,  but  lay  not  any  of  it  too  thick,  as  it  is 
the  less  firm  for  it.  Coal-ashes  strewed  thinly  in  the  alleys  are 
better  than  nothing,  as  they  at  least  serve  to  keep  the  feet  dry. 
Sea-shells  make  very  good  walks. 

All  trees  designed  to  be  planted  are  to  be  thought  of  before 
winter.  Those  of  the  wall  have  been  spoken  of;  and  as  to 
standards,  they  must  have  a  fair  depth  of  good  soil  to  grow  in; 
for  it  should  be  remembered,  that  tree  roots  in  a  garden  are 
prevented  from  running  over  the  surface,  as  they  do  in  an 
undisturbed  orchard.  It  is  necessary  that  some  ciutiou  should 
be  used  not  to  dig  the  ground  too  near  and  too  deep  about 
garden  trees,  lest,  loosening  the  roots,  they  should  not  be  able 
to  stand  the  wind  ;  and  because  the  nearer  the  surface  any  root 
grows,  the  more  and  choicer  fruit  the  tree  bears.  But  the 
fewer  standard  trees  in  a  garden  the  better,  as  they  take  up 
much  room,  and  by  their  shade  prevent  the  proper  growth  of 
vegetables  that  are  near  them  ;  so  that  if  a  garden  is  small 
there  should  be  no  trees  except  those  of  the  wall.  The  ease  is 
dill'erent  where  there  is  ample  room;  and  the  blossoms  of  fruit 
trees  are  so  delightful,  that  if  they  produced  nothing  for  the 
palate,  there  would  be  a  suHlcient  inducement  to  plant  them 
for  ornament;  but  let  them  be  dwarf  standards  in  preference 
to  espaliers. 

Dwarf  standards  occasion  le.ss  trouble  to  keep  them  in  order 
than  espaliers,  and  arc  generally  more  productive  ;  for  espalier 
trees  are  seldom  m  inagcd  well,  and  thus  appear  unsightly:  at 
best  they  are  stifi'and  formal,  and  obstruct  the  sight  in  viewing 
the  (|uarters  of  a  garden,  which,  if  in  order,  are  worthy  of  coming 
under  the  eye. 
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If  any  espaliers  are  piantod,  let  them  be  only  fruit  of  tlie  best 
sorts,  and  in  spacious  prarilens,  where  they  may  have  a  good 
lensth  and  height  allowed  them  to  grow  freely.  They  should 
lather  be  trained  to  sawed  materials  properly  tramcd  together, 
smoothed  and  painted.  But  for  a  year  or  two  they  may  be 
fastened  to  light  stakes,  when  they  will  have  formed  a  head,  to 
begin  to  train  them  for  bearing  in  the  neat  manner  proposed, 
that  is,  to  slips  of  deal  joined  to  light  oak  posts,  as  trellises. 
Whether  the  slips  are  placed  perpendicularly  or  longitudinally, 
seems  indifferent.  If  the  longitudinal  mode  of  training  is  the 
best  approved,  strong  iron  wire  may  be  recommended  to  run 
through  the  posts  instead  of  slips  of  wood,  as  it  shades  less, 
and  is  stronger  and  neater.  If  upright  slips  are  used,  they 
should  be  slender,  and  from  six  to  eight  inches  distant,  accord- 
ing to  the  greater  or  less  freedom  of  the  natural  growth  of 
the  tree. 

Apples  should  be  allowed  24  feet,  and  pears  30,  except 
those  grafted  on  paradise  or  quince  stock,  for  which  little  more 
than  half  this  distance  may  answer.  Cherries  and  plums 
should  have  about  18  or  20  feet  allowed  them.  Quinces,  med- 
lars, mulberries,  and  fdberds,  may  also  be  espaliered.  The 
trees  should  be  planted  about  a  yard  from  the  edge,  but  farther 
off  is  better,  if  the  walks  lie  deep  of  gravel  or  poor  materials. 

Currants,  gooseberries,  and  raspberries,  do  well  espaliered, 
as  to  a  production  of  early  and  line  fruit. 

Trees  of  a  more  humble  nature,  and  shrubs,  next  occupy 
attention  in  furnishing  a  garden.  Currants  and  gooseberries 
(as  bushes)  should  be  planted  three  feet  from  the  edge,  and  full 
six  feet  asunder.  Some  of  these  very  useful  shrubs  should 
grow  in  every  aspect  of  the  garden,  in  order  to  have  a  succes- 
sion of  their  fruits  as  long  as  maybe.  Those  who  choose  to 
plant  whole  quarters  of  currants  and  gooseberries,  ought  to  do 
it  at  six  feet  asunder  in  the  rows,  and  the  rows  eight  feet  from 
one  another. 

Raspberries  maybe  set  in  plantations,  in  rows  five  feet  asun- 
der, allowing  three  feet  between  the  plants.  These  shrubs  are 
always  best  by  themselves,  as  othernise  their  suckers  over-run 
the  quarters.  Between  rows  of  raspberries  planted  at  the 
above  distance,  coleworts,  early  cabbages,  cauliflowers,  and 
lettuces  may  be  set,  or  spinach  sowed  in  drills  ;  the  raspberries 
having  had  their  pruning  and  dressing  early  in  autumn  for 
the  purpose.  Every  year,  a  little  short  manure,  dug  in  close 
about  the  roots,  (and  deeper  as  the  plantation  gets  older,)  will 
ensure  fine  fruit.  Raspberries  are  not  very  nice  as  to  soil  and 
situation.  The  smooth-wooded  or  cane-rasp  is  to  be  preferred 
for  a  principal  crop.  The  large,  white,  or  Antwerp,  is  also 
good. 

Strawberries  may  be  planted  at  the  edges  of  borders  and 
quarters,  either  in  single  or  double  rows,  (rather  the  latter)  for 
the  convenience  of  gathering,  and  for  ornament,  but  the  com- 
mon and  best  way  is,  in  four-feet  beds,  with  cightcen-inch  or 
two-feet  alleys,  on  which  beds  may  be  five  rows  of  the  wood 
and  alpine,  four  of  the  scarlet  and  pine-apple,  three  of  the 
Carolina,  and  two  of  the  Chili ;  setting  the  plants  at  the  same 
distance  in  the  rows  as  the  rows  are  from  one  another  in  the 
quincunx  order.  In  a  good,  cool,  loamy  soil,  which  suits  them 
best,  a  little  more  distance  may  be  allowed  the  first  four  sorts; 
and  in  a  quite  dry  light  soil,  somewhat  less,  that  they  may 
shade  one  another  the  better  from  drought.  The  best  situation 
for  strawberries  is  an  open  and  sunny  one,  as  thus  they  bear 
more  and  finer-llavoured  fruit.  Some  of  the  scarlets  should  be 
planted  under  warm  walls,  to  come  early.  The  woods  bear 
shade  as  natural  to  them,  and  the  alpines  do  tolerably  well  in 
it.  The  most  proper  time  for  planting  the  strawberry  is  the 
first  moist  weather  in  September,  (or  even  earlier,)  that  they 
may  be  established  in  the  ground  before  winter,  and  they  will  bear 
the  better  the  first  year.  Frost  is  apt  to  throw  up  late-planted 
ones,  and  injures  if  not  destroys  them.  Those  planted  in 
spring  often  suffer  from  drought,  and  bear  very  little  the  first 
year,  except  the  alpines.  Choose  forward  runners  for  plant- 
ing, and  let  them  be  from  beds  in  full  bearing,  that  is,  of  two 
or  three  years  old,  for  plants  from  old  beds  are  not  so  fruitful. 
Press  the  mould  to  the  roots,  give  them  a  watering,  and  again 
once  or  twice  if  the  weather  proves  dry.  Some  gardeners  let 
them  run  over  the  beds,  which  in  a  dry  light  soil  may  be 
proper;  but  in  this  case,  a  greater  distance  should  be  allowed 


them  at  planting.  If  the  alpine  sort  is  planted  on  a  warm 
border,  eighteen  inches  asunder,  and  suffered  to  spread,  the 
first  runners  will  fruit  the  same  year,  and  sometimes  this 
prolific  strawberry  bears  till  November. 

Fresh  plantations  of  strawbeiries  should  be  made  every 
fourth  year,  though  in  a  good  soil,  and  with  good  management, 
they  will  continue  longer;  so  that  where  they  are  suffered  to 
run,  the  plants  being  frecjuenlly  renew  ed,  and  old  ones  removed, 
beds  have  borne  tolerably  for  ten  years.  The  watering  of 
strawberries  should  not  be  neglected,  doing  it  almost  daily 
when  in  flower,  and  setting  their  fruit,  if  the  weather  proves 
dry,  particularly  to  those  under  a  warm  w  all ;  but  this  is  not  to 
be  continued  when  the  fruit  is  nearly  ripe. 

Flowering  shrubs  may  be  dispersed  about,  and  berbaceous 
perennial  flowers  ;  but  plant  them  not  too  near  the  edge,  lest 
they  hang  over  the  walks.  The  bulbous  sort  may,  however, 
be  within  six  inches,  especially  crocuses  and  snow-drops. 

Asparagus  and  artichokes  take  up  much  room,  and  in  small 
gardens  may  therefore  be  left  out.  It  will  be  of  little  use  to 
have  less  than  50  or  60  feet  of  asparagus-beds,  as  there  would 
be  so  few  heads  to  cut  at  a  time  ;  and  artichokes  must  be  planted 
wide.  Let  not  potherbs  be  forgotten,  but  provide  a  general 
herbary  in  that  part  of  the  garden  which  is  warmest,  and  best 
shaded,  for  these  are  tender  plants. 

Having  spoken  of  stationary  things,  the  routine  of  the 
seasons  must  dictate  the  rest;  and  the  inclinations  of  the 
palate  will  refresh  the  memory  to  take  care  of  providing 
the  most  necessary  and  agreeable  esculents  for  dressing,  and 
raw  salads. 

Perennial  flowers  have  been  mentioned  ;  but  let  fancy  direct 
as  many  annuals  and  biennials  to  be  cultivated,  as  room  can 
conveniently  be  found  for,  that  the  garden  may  be  as  much  as 
possible  ornamented. 

In  furnishing  a  garden  with  shrubs  and  flowers,  respect 
should  be  had  to  their  usual  height,  their  bulk,  colour,  and 
season,  that  the  mixture  may  be  properly  varied,  harmo- 
nious to  the  eje,  and  come  in  regular  succession.  The  latter 
part  of  the  year  is  seldom  provided  for  so  well  as  it  might  be; 
late  flowers  should  be  set  in  warm  situations,  as  their  proper 
place.  In  the  most  dreary  months,  by  judicious  planting, 
evergreens  in  their  neat  and  cheerful  "  winter  liveries,"  may 
be  viewed  from  our  windows,  and  serve  instead  of  flowers. 

Those  who  garden  upon  a  large  scale,  should  take  care  to 
have  every  thing  proper  and  convenient  liberally  provided. 
Let  there  be  a  well-situated  place  for  hot-beds,  with  some 
building  as  a  tool  hoi'se,  and  (if  dry)  for  keeping  bulbs,  seeds, 
and  herbs.  Those  also  who  garden  even  upon  a  small  scale, 
will  do  well  to  have  every  needful  implement.  If  water  can  be 
introduced  and  kept  clean  with  verdant  banks  around  it,  it 
would  be  found  very  useful  where  a  garden  is  large  ;  but  let  it 
be  as  near  the  centre  as  possible,  as  the  most  convenient 
situation.  It  should  be  fed  from  a  pond  in  preference  to  a 
spring. 

Mixed  gardening,  as  comprehending  the  profitable  with  the 
pleasant,  has  been  the  subject  hitherto  ;  but  if  the  flower  gar- 
den and  the  kitchen  garden  are  to  be  distinct,  the  case  is 
altered  ;  not  so  much  indeed,  but  that  still  the  kitchen  garden 
should  be  adorned  with  a  sprinkling  of  the  more  ordinary 
decorations,  to  skirt  the  quarters,  chiefly  those  of  the  most 
powerful  sweet  scents,  as  roses,  sweetbriars,  and  honeysuckles, 
wall-flowers,  stocks,  pinks,  mignonet. 

The  Floicer-garden,  properly  so  called,  should  be  rather 
small  than  large  ;  and  if  a  separate  portion  of  ground  is  appro- 
priated for  this,  only  the  choicest  flowers  should  be  introduced, 
and  cultivated  in  the  best  manner.  The  beds  of  this  garden 
should  be  narrow,  and  consequently  the  walks  numerous  ;  and 
not  more  than  one-half  or  two-thirds  the  width  of  the  beds, 
except  one  principal  walk,  all  round,  which  may  be  a  little 
wider.  The  gravel,  or  whatever  the  walks  are  made  of,  should 
lie  about  four  inches  below  the  edge.  The  beds  for  tulips, 
hyacinths,  anemones,  ranunculuses,  &c.  may  be  three  and  a 
half  or  four  feet  wide,  and  those  for  single  flowers  the  same, 
or  only  two  and  a  half  feet  wide  in  the  borders.  Let  the  beds 
lie  rather  rounded  in  the  middle,  but  the  walks  flat.  Figured 
parterres  have  got  out  of  fashion,  as  a  taste  for  open  and 
extensive  gardening  has  prevailed  ;  but  when  the  beds  are  not 
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too  fanciful,  l)ut  rc<;ular  in  flicir  shapes,  and  cliiody  at  riglit 
angles,  after  the  Chinese  inanner,  an  asscnihlag;e  of  ail  sorts  of 
flowers,  in  a  fancy  spot  of  about  CO  feet  square,  is  a  delightful 
home  source  of  pleasure,  worthy  of  pursuit.  Tliere  should  be 
neat  edjiin^s  of  box  to  tliesc  beds,  or  rather  of  neat  inch 
boards,  painted  lead  colour,  to  keep  up  the  mould.  Be  sure 
to  keep  the  box  from  tlie  very  first,  as  soon  as  rooted,  and 
always  after,  as  low  as  possible;  clip  it  twice  a  year,  April 
and  .luly. 

Landscape  or  Picturesque  Gardening,  is  so  much  the  work 
of  fancy,  and  so  much  depends  upon  the  situation,  or  what 
Brown  and  Loudon  call  the  capability  of  the  place,  that 
that  no  precise  rules  can  be  laid  down  concerning  it.  All, 
therefore,  that  can  be  expected,  is  a  few  loose  hints,  on  which  the 
man  of  taste  may  improve  according  to  circumstances.  The 
pleasure  we  seek  in  layinj;  out  gardens,  is  now  justly  founded 
upon  the  principles  of  concealed  art,  which  appears  like  nature  ; 
but  still,  whetlicr  in<;(nious  contrivances,  and  decorations, 
(altogether  artificial,)  should  be  so  entirely  laid  aside  as  they 
are,  may  deserve  to  be  considered.  Perhaps  the  works  of  the 
statuary  might  still  be  introduced,  if  well  executed,  and  in 
proper  places.  A  terrace,  as  a  boundary,  is  now  seldom  formed, 
but  in  some  situations  such  an  eminence  might  in  several 
respects  be  agreeable. 

If  trees  are  planted  injvidiciously,  the  error  is  a  trifle,  but  if 
cut  down  so,  the  consequence  is  serious,  and  has  often  been 
sorely  lamented  ;  extirpation  should  therefore  be  well  thought 
of  before  it  is  executed,  especially  trees  about  houses,  for 
many  dwellings  have  been  thus  too  hastily  exposed,  and  deprived 
of  comfortable  slielter  and  shade.  Hilly  spots  that  are  in  view 
of  the  house  should  be  planted  with  firs,  as  fine  looking  trees, 
and  very  hardy.  Beech  does  well  on  high  ground,  especially 
if  chalky.  In  low  ground,  not  to  mention  alders,  and  that 
tribe,  the  birch,  and  even  the  oak,  should  not  be  forgotten, 
where  the  wet  does  not  long  stand. 

About  the  house  some  shady  walks  ought  always  to  be  pro- 
vided, by  thick  planting,  if  not  of  trees,  yet  of  flowering  shrubs, 
and  evergreens,  of  which  the  laurel  will  be  found  the  most 
useful.  Those  who  have  much  space  of  ground  to  decorate,  do 
well  to  plant  trees,  and  shrubs  of  every  kind,  as  enlarging  the 
sources  of  amusement :  but  if  the  allotment  of  ground  for  this 
purpose  is  contracted,  then,  of  course,  those  only  should  be 
planted  which  by  their  neat  foliage,  natural  symmetry,  and  gay 
flowers,  may  be  truly  esteemed  ornamental.  The  walks  should 
always  be  wide,  some  inclining  to  serpentine,  and  contrived  as 
much  as  possible  upon  a  level,  as  walking  up  and  down  hills' 
can  hardly  be  called  pleasure.  That  they  may  be  extensive, 
they  should  skirt  the  grounds  and  seldom  go  across  them.  In 
small  pleasure  grounds  the  edges  of  the  walks  should  be  regu- 
larly planted  with  flowers,  and  long  ones  occasionally  so,  or 
with  the  most  dwarf  shrubs  ;  and  neat  sheltered  compartments 
of  flowers  (every  now  and  then  to  be  met  with)  have  a  pretty 
effect.  If  the  walks  are  extended  to  distant  plantations  of 
forest-frees,  every  opportunity  should  be  taken  to  introduce 
something  of  the  herbaceous  llowcry  kind,  which  will  prove  the 
more  pleasing,  as  found  in  unexpected  situations.  The  outer 
walk  of  pleasure  grounds  and  plantations  should  every  now 
and  then  break  into  open  view  s  of  the  country,  and  to  parts  of 
the  internal  space,  made  pleasing,  if  not  striking,  by  some 
work  of  art,  or  decoration  of  nature. 

Water  should  only  be  introduced  where  it  will  run  itself 
dear,  or  may  be  easily  kept  so,  as  also  in  full  sight ;  and  some 
fall  of  it  should  be  contrived,  (if  possible)  for  the  sake  of 
giving  it  motion  and  sound,  because  a  lively  scene  of  this 
element  is  alw  ays  much  more  pleasant  than  a  dead  one.  Near 
some  pieces  of  water,  as  a  cool  retreat,  it  is  desirable  that  there 
should  be  something  of  the  summer-house  kind  ;  or  a  simple 
rustic  arbour,  embowered  with  tlie  woodbine,  the  sweetbriar, 
the  jessamine,  and  the  rose. 

Before  the  design  of  a  rural  and  extensive  garden  is  put  in 
execution,  it  ought  to  be  considered,  or  anticipated  what  it 
will  be  in  twenty  or  thirty  years'  time  ;  for  it  often  hajipens, 
that  a  design  which  looks  handsome  when  first  planted,  and  in 
good  proportion,  becomes  so  small  and  ridiculous  in  process  of 
time,  that  there  is  a  necessity  cither  to  alter  it  or  destroy  it 
entirely,  and  so  plant  it  anew.  Landscape  gardening  depends 
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much  on  the  form  of  the  ground,  and  therefore  to  shape  that  is 
the  first  object.  Too  much  plane  is  to  be  guarded  against; 
and  when  it  abounds,  the  eye  should  be  relieved  bv  clumps,  or 
some  other  agreeable  object.  Hollows  arc  not  easily  filled; 
and  eminences  mostly  are  advantageous  in  the  formation  of 
picturesque  scenes,  in  which  the  general  principle  of  urnamen- 
tal  gardening  consists. 

To  plant  picturesquely,  a  knowledge  of  the  characteristic 
dificrenccs  of  trees  and  shrubs  is  evidently  a  principal  qaalifi- 
cation.  To  range  the  shrubs  and  small  trees,  so  that  they 
mutually  set  off  the  beauties,  and  conceal  the  blemishes,  of 
each  other;  to  aim  at  no  effects  which  depend  on  a  nicety  for 
their  success,  and  which  the  soil,  the  exposure,  or  the  season 
of  the  vear,  may  destroy  ;  to  attend  more  to  the  groups  than  to 
the  individuals  ;  and  to  consider  the  whole  as  a  plantation,  not 
as  a  collection  of  plants  ;  are  the  best  general  rules  which 
can  be  given  concerning  them. 

The  Cultivation  of  a  Garden. — The  first  object  with  a  Tiew  to 
produce  should  be,  to  keep  the  ground  in  such  a  state  as  will 
enable  it  to  produce  good  crops.  Good  vegetables  cannot  be 
had  without  good  manure.  Yet  raw  unwrought  dung  is  not 
good  for  a  garden.  The  most  economical  plan,  therefore,  that 
can  be  pursued,  is  for  the  first  year  to  make  good  hotbeds  of 
your  dung,  and  spread  it  out  upon  the  quarters,  and  dig  it  in 
autumn  and  winter.  You  by  this  means  have  a  double  pro- 
duce, and  the  dung  is  the  better. 

Dung,  however,  used  in  great  quantities,  and  lying  in 
lumps,  breeds  worms,  grubs,  and  other  insects,  and  causes 
plants  to  grow  too  rampant  and  rank-flavoured.  Carrots  it 
cankers,  and  it  disagrees  with  many  things.  On  these 
accounts  some  persons  have  been  induced  to  dress  their  gar- 
dens only  with  rich  fresh  earth.  If  the  ground  is  in  proper 
heart,  every  spot  may  be  contrived  to  be  constantly  and 
successfully  cropped,  as  each  sort  of  plant  draws  a  somewhat 
different  nourishment ;  so  that  after  a  full  crop  of  one  plant, 
one  of  another  kind  may  ofien  be  immediately  sown  ;  but  it 
should  be  contrived  that  a  wide  crop  may  follow  a  close  one, 
and  contrariwise.  Close  crops,  as  onions,  leeks,  carrots,  &c. 
arc  conveniently  and  neatly  cultivated  in  beds  of  from  four  to 
five  feet  width,  with  alleys  of  from  a  foot  to  eighteen  inches 
between  them. 

The  seasons  proper  for  furnishing  the  ground  with  every 
particular  vegetable,  should  be  well  attended  to,  that  each 
may  be  obtained  as  early  as  its  nature  will  permit ;  and  of  the 
seeds  and  plants  we  use,  care  must  be  taken  to  procure  the 
best  of  the  kind,  lest  after  all  the  trouble  of  cultivation,  dis- 
appointment, as  to  quality,  should  ensue.  Seeds  and  plants 
should  be  adapted  as  much  as  possible  to  the  soil  and  situation 
which  best  suits  them.  The  thinning  of  seedling  crops  should 
be  done  in  lime,  before  the  young  plants  have  drawn  one 
another  up  too  much.  All  plants  grow  stronger  and  ripen  better, 
when  the  air  circulates  freely  round  them,  and  the  sun  is  not 
prevented  from  an  immediate  influence. 

In  the  pricking  and  planting  of  crops,  be  sure  to  do  it  as 
early  as  may  be;  let  every  thing  be  regular.  Shading  of  new 
planted  things,  particularly  fiowcrs,  is  of  much  benefit,  and  that 
in  proportion  as  the  season  is  sunny. 

Strawberries  and  eaulillowers  are  generally  watered  in  a 
dry  season;  that  is,  the  strawberries  when  in  bloom,  in  order 
to  set  the  fruit,  and  the  cauliflowers  when  they  shew  fruit,  in 
order  to  swell  the  head.  In  very  dry  weather,  asparagus  seed- 
lings, early  turnips,  carrots,  radishes,  and  small  salads,  will 
need  watering.  Slips,  cuttings,  and  layers  of  any  kind,  will 
need  water.     Pots  of  fiowcrs  must  have  it  frequently. 

When  watering  is  undertaken,  let  it  be  a  complete  business, 
1.  e.  to  the  bottom  and  extent  of  the  roots,  as  much  as  may  be. 
Wetting  the  surface  of  the  ground,  however,  in  a  summer's 
evening,  makes  a  cool  atmosphere;  a  dew  is  formed,  which 
pervades  the  leaves,  and  helps  to  fill  their  exhausted  vessels. 

Watering  the  roots  of  wall  trees,  (if  dry  weather,)  when  the 
fruit  is  setting,  is  by  some  thought  necessary.  To  young  trees 
only  it  can,  however,  be  of  use,  for  the  roots  of  old  ones  run 
far  and  wide;  and  it  is  the  small  fibres  of  these  distant  roots 
on  which  the  tree  chiefiy  depends  for  food.  Vines  should 
have  no  water  till  they  arc  ofVbfossom,  (July)  and  the  fruit  as 
big  as  large  pins'  heads;  and  then,  if  the  season  is  very  hot 
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and  dry,  watering  the  roots  twice  a  week  will  help  the  fruit  to 
swell.  As  watcrinn;  is  apt  to  make  the  ground  hidebound  and 
unsightly,  let  the  surface  be  occasionally  stirred  and  raked, 
which  will  make  future  waterings  enter  the  ground  the  better. 
Many  things  are  impatient  of  being  kept  wet  about  the  shanks, 
and  therefore  watering  should  he  generally  at  a  little  distance. 
Rain  water  is  the  best  for  watering,  as  appears  by  the  verdure 
and  vivacity  it  gives.  Pond  water  is  next  in  fitness,  and  river 
water  follows.  Well  water  is  of  least  account,  though  local 
circumstances  occasion  its  use  the  most.  Pump  water,  if  used 
directly,  is  so  cold  in  summer,  that  it  is  found  prejudicial  to 
plants;  and  great  cold  so  contracts  their  vessels,  that  they 
perform  their  proper  oHices  with  difficulty,  and  become 
diseased. 

The  management  of  a  garden,  as  somewhat  distinct  from  the 
cultivation  of  it,  is  an  object  of  consequence  ;  tliat  is,  to  keep  it 
in  such  order,  that  it  may  not  fail  in  those  general  impressions 
of  pleasure  it  is  capable  of  affording,  when  things  are  shewn  in 
their  best  manner.  A  garden  may  he  cultivated  so  as  to  be 
profitable,  and  yet  not  conducted  so  as  to  be  agreeable  to  walk 
in,  which,  in  a  private  garden,  is  a  circumstance  surely  to  be 
lamented.  The  proper  appearance  of  a  w  ell-managed  one  is 
expressed  by  the  word  neat.  Let  all  be  done  that  can  be  in 
order  to  it.  To  be  neat,  weeding  must  be  industriously  fol- 
lowed up,  and  all  litter  that  is  made  in  working,  quickly  carried 
oil".  The  ground  also  should  be  frequently  stirred  and  raked 
between  crops,  and  about  the  borders,  to  give  all  a  fresh  ap- 
pearance. There  is  a  pleasantness  to  the  eye  in  new  broken 
earth  ;  and  when  there  are  no  flowers  left  in  the  borders,  this 
gives  an  air  of  culture,  and  is  always  agreeable.  An  asparagus 
fork  is  expeditious  and  useful  in  this  case  ;  but  it  must  be 
slightly  used,  lest  it  disturb  the  roots  of  plants  too  much. 
Vegetables  should  not  be  sufl'ered  to  rock  themselves  by  wind, 
so  as  to  form  holes  round  their  stems,  but  be  well  earthed  up, 
or  otherwise  supported. 

Trees  and  shrubs  should  be  constantly  freed  from  suckers 
:ind  dangling  shoots,  and  wall-trees  ought  to  be  regularly  kept 
in  order.  Grass  plats  and  walks  should  have  their  edges  occa- 
sionally cut.  and  he  mowed  as  often  as  there  is  the  least  hold 
for  the  scythe,  for  they  lose  much  of  their  beauty  when  the 
grass  gets  long;  leaves  should  not  be  sufl'ered  to  remain  on 
them,  as  it  stains  the  grass,  and  worm-casts  should  be  cleared 
away.  Edgings  of  all  sorts  should  be  kept  in  good  order,  as 
having  a  singularly  neat  efl'ect  in  the  appearance  of  a  garden. 

Some  fruits  may  need  support  by  tying  their  weak  branches 
when  they  get  heavy,  to  stakes,  &c.  Rows  of  raspberries  and 
beans  are  kept  neatly  up  in  their  lines,  by  putting  in  here  and 
there  a  stake,  and  using  packthread  lengthwise;  and  thus  will 
they  bear  better,  and  be  more  conveniently  gathered.  Straw- 
berries of  fine  heavy  sorts,  will  he  preserved  from  getting  dirty 
and  rotten  by  tying  their  stems  to  little  slicks  ;  by  this  prac- 
tice, the  fruit  also  gets  belter  ripened,  and  of  a  iiiier  Havour. 
Some  persons  lay  tiles  or  moss  round  the  plants  when  the  fruit 
is  half-grown  ;  but  this  is  not,  generally,  so  well,  only  it  has 
the  advantage  in  keeping  the  ground  cooler  in  a  hot  season. 
The  first  and  finest  scarlets  best  deserve  this  trouble. 

Flowers  should  be  frequently  tied  up,  and  dead  and  dangling 
parts  trimmed  olf.  Some  of  them  cannot  do  without  support, 
and  many  sorts  are  made  more  secure  and  beautiful  by  proper 
ties.  The  sticks  used  for  flowers  should  he  of  smooth  wood, 
as  neat  painted  slips  of  deal,  with  or  without  an  ornamental 
head  ;  white  is  the  best  colour,  on  account  of  its  contrast  with 
the  leaves.  Decaying  flowers  should  be  timely  trimmed  or 
removed,  and  perennials  should  be  regularly  freed  from  the 
parts  running  to  seed,  (except  so  much  as  may  be  wanted,)  as 
the  production  of  seeds  weakens  the  roots  much. 

Of  Propagations. — Plants  are  propagated  bv  seeds,  suckers, 
slips,  ofl-sets,  divisions,  cuttings,  layers,  and  grafts.  By  seed, 
is  the  most  general  method  of  propagation,  and  plants  raised 
any  other  way  are  seldom  so  fine.  Those  plants  from  seed 
which  have  never  been  removed,  are  comnionlv  handsomer,  and 
some  forwarder,  than  those  that  have  been  transplanted,  pro- 
vided they  are  sown  in  a  proper  soil  and  situation.  Com- 
monly speaking,  new  seed  is  to  be  preferred  to  old,  as  srowing 
the  more  luxuriantly,  and  coming  up  the  surer  and  quicker. 
If  old  seed  is   knowingly  sown,  some  allowance,  in  point  of 


lime,  must  be  made.  Pease  and  beans  of  two  years  old  are,  by 
some,  preferred  to  new,  as  not  running  so  much  to  straw.  As 
to  the  age  of  seeds  at  which  they  may  be  sown  and  germinate,  it 
is  uncertain,  and  depends  very  much  how  they  arc  preserved. 

Seeds  should  be  saved  from  fine  forward  plants,  secured 
from  rocking  about  when  they  get  tall ;  guard  them  against 
birds,  gather  them  regularly  as  they  ripen,  lest  they  are  shed 
and  lost,  and  keep  tlieni  dry.  Curious  fiower  seeds  are  kept 
well  in  phials  ;  others  may  be  put  into  small  drawers,  and  some 
hung  up,  or  laid  on  shelves,  in  their  pods.  Seeds  may  be 
forwarded  for  sowing  by  various  ways  of  promoting  a  germina- 
tion before  they  are  put  into  the  ground.  Broad  and  kidney 
beans  may  be  put  into  soft  water  about  24  hours,  to  forward 
their  grow  th,  and  to  ascertain  their  vitality.  The  smaller  seeds, 
as  carrots,  &c.  may  be  prepared  for  sowing,  by  simply  mixing 
them  in  a  little  moist  sand,  or  fine  earth,  taking  care  that  they 
do  not  lie  longer  than  the  usual  time  of  their  beginning  to 
sprout.  The  season  for  committing  seeds  to  the  ground  should 
be  as  early  as  the  nature  of  the  plant  to  be  cultivated  will  bear. 
Let  this  direction  for  early  sowing  be  understood,  not  only  of 
spring,  but  autumn  crops;  that  the  plants  designed  for  winter 
use,  or  to  stand  for  spring,  may  he  stron;,  and  well  established 
in  the  ground,  though  for  those  designed  for  spring,  it  is 
advisable  to  have  two  or  three  different  sowings. 

To  be  sure  of  a  crop,  and  in  some  things  a  succession  of 
crops,  various  sowings  should  be  made  through  the  year  at  all 
times,  that  are  not  too  unnatural  as  to  season;  for  it  is  an 
object  in  gardening,  not  only  to  have  early  and  late  produc- 
tions, but  never  to  be  without  what  may  be  produced.  Sow- 
ings should  be  generally  performed  on  fresh  dug  or  stirred 
ground.  The  digging  should,  therefore,  be  done  as  near  the 
time  designed  to  sow  as  can  be.  If  the  ground  turns  up  raw 
or  wet,  as  early  in  the  spring  it  is  apt  to  do,  a  little  lime  must 
be  allowed  it  to  dry,  and  so  also  if  rain  falls  first.  In  this 
case,  seed  should  be  sow  n  as  soon  as  ever  the  gjonnd  may  be 
trampled  on  without  hanging  to  the  feet.  The  proper  depth 
at  which  seeds  should  be  sown,  is  to  be  carefully  observed  ;  if 
too  deep,  they  will  either  rot  or  not  thrive  well  ;  and  if  too 
shallow,  they  arc  liable  to  be  injuriously  affected  by  frost, 
wind,  drought,  or  birds  ;  but  of  the  two,  rather  too  shallow  than 
too  deep  is  the  best.  The  smaller  the  seed  the  finer  should  the 
soil  be,  and  the  less  also  the  covering;  so  that  while  some,  as 
the  seed  of  celery,  is  to  be  but  barely  covered  ;  others,  as  pease 
and  beans,  may  have  a  depth  of  two,  three,  or  four  inches.  But 
some  regard  is  to  be  had  to  the  season  and  soil;  in  a  warm 
season,  and  light  soil,  sow  deeper,  and  the  contrary  in  shallower. 

The  quantity  of  seed  sown  is  a  thing  to  be  attended  to  with 
some  exactness.  Small  seeds  go  a  great  way,  and  require  a 
careful  hand  to  distribute  them  ;  for  though  sowing  a  little  too 
much  is  a  trifle  as  to  the  value  of  seeds,  yet  to  have  them  come 
up  crowded  thick  is  an  evil. 

It  is  not  generally  advisahle  to  sow  several  sorts  of  seed  on 
the  same  spot,  as  some  persons  are  accustomed  to  do.  Some 
little  things  of  this  sort  indeed  may  be  done,  as  a  piece  of 
ground  newly  planted  with  horse-radish,  may  be  lop-cropped 
with  radishes  or  spinach,  Sec.  A  thin  crop  of  onions  upon  new 
asparagus  beds,  may  also  lake  place,  drawing  them  while 
young  from  about  the  plants.  All  seeds  come  up  best  when 
moderately  pressed  with  the  earth;  for  if  they  lie  too  lightly  in 
contact  with  it,  cold  and  drought  more  easil}-  afl'ect  them  ;  and 
when  once  seeds  begin  to  germinate,  they  are  impatient  of 
both.  To  trample  seeds  is.  on  the  whole,  better  than  any  other 
pressure.  This  done,  lay  all  immediately  and  neatly  level  with 
a  wide  rake,  drawing  ofi' stones,  &c.  but  do  it  lightly,  to  avoid 
driving  in  the  teeth  of  the  rake,  which  would  remove  the  seed, 
and  make  it  come  up  irregularly.. 

Propagation  by  suckers,  is  a  mode  of  culture  peculiar  to 
trees  and  shrubs.  The  things  to  be  observed  in  this  business 
are,  to  lake  them  up  with  some  care  from  the  mother  plant,  so 
as  not  to  injure  its  root,  nor  the  sucker's  own  root,  by  pulling 
it  up  without  properly  loosening  it  first.  The  earlii  should 
be  moved  aside  with  a  trowel,  and  then  the  sucker  cut  olf  with 
a  knife.  Wherever  a  root  appears  barked,  the  part  below 
should  be  cut  off.  If  it  is  desired  to  succeed  well,  in  propa- 
gating by  suckers,  consider  that  all  young  roots  arc  tender; 
let  them  bo  trimmed  to  form,  and  planted  immediately.     Suck- 
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ers  with  poor  roots  must  Iiavc  their  heads  reduced  (he  more. 
Propagation  by  slips,  is  of  two  sorts,  either  from  the  root  or 
stem  ;  and  several  sorts  of  iloH  ers  and  herbs  are  increased  this 
way.  When  from  the  roots,  if  tlie  whole  is  not  taken  up,  move 
the  earth  carefully  aside,  and  slip  od'  by  a  pressure  of  the 
thumb  and  linger,  and  be  cautious  of  hurling  the  fibres  of  the 
slips,  planting  with  gooil  mould  about  them.  Take  ofl'  slips 
from  the  stem  carefully  by  the  push  of  the  thumb,  and  not  too 
many  from  the  same  plant,  as  it  is  apt  to  injure  the  place  by 
tearing  oft'  some  of  the  wood. 

Ofi'set,  is  a  term  sometimes  applied  to  slips  from  fibrous  roots  ; 
but  more  properly  so  from  bulbous  roots,  which  put  forth  many 
offsets.  These  are  slipped  away  at  the  time  they  are  taken  np 
for  removal  or  replanting,  and  commonly  take  two  or  three 
years  before  they  bear  flowers ;  dispose  of  them,  therefore,  in 
a  nursery,  where  they  may  remain  undisturbed  till  they  come 
to  a  flowering  state.  Division  of  the  roots,  is  a  way  of  propa- 
gating many  sorts  of  plants.  To  this  end,  of  course  they  must 
be  taken  up,  and  then  either  carefully  pulled,  or  cut  asunder 
with  a  sharp  instrument,  as  the  case  may  require.  It  is  not 
safe,  however,  to  divide  such  roots  into  very  small  pieces.  The 
general  season  for  thus  splitting  (ibrous-rooted  plants  is  Octo- 
ber, but  it  may  be  done  early  in  the  spring,  as  February. 

Cuttings,  of  a  variety  of  woody  plants,  will  grow,  and  many 
trees  and  shrubs  are  propagated  tliis  way  ;  but  their  sap  must 
be  of  a  watery  nature,  as  those  plants  that  are  gummy  will  not 
strike,  (or  rarely,)  though  ever  so  inucli  care  is  bestowed  or 
time  allowed  them.  The  texture  of  the  wood  cuttings  must  be 
somewhat  soft,  as  hard-wooded  ones  will  not  grow.  The  sea- 
son for  setting  slips  and  cuttings  is  for  some  plants  summer,  as 
wall-flowers  and  inyrtles;  and  for  most,  from  October  to 
March  ;  but  in  general,  the  sooner  the  better.  It  has,  how- 
ever, been  said,  that  spring  is  the  best  time  for  all,  and  that 
the  sap  should  be  in  motion  first.  Cuttings  should  be  well- 
ripened  wood,  and  have  the  earth  pressed  to  them  the  whole 
length  they  arc  in  the  ground,  i.e.  from  four  to  six  inches. 
Cut  them  with  a  sliarp  knife  slopewise,  and  plant  in  a  good 
soil,  so  situated  as  to  have  only  the  morning  sun,  and  keep  them 
cold  (not  wet)  by  occasional  watering  in  dry  weather. 

Laying  of  branches,  is  a  mode  of  propagation  that  may  be 
adopted  for  almost  all  forest  trees,  and  several  sorts  of  fruit 
trees  and  shrubs,  i.e.  all  that  will  grow  from  cuttings,  and 
many  that  will  not.  Layers  are  made  of  the  lower  branches  of 
the  plant,  which  must  be  young  and  pliable,  to  bend  down 
without  breaking,  to  the  depth  of  four,  live,  or  six  inches,  in 
the  ground,  as  the  soil  is  light  or  heavy,  at  which  they  must  be 
held  securely  by  good  pegs.  Let  the  ground  about  layers  be 
kept  cool  by  occasional  waterings,  and  laying  some  moss,  turf, 
litter,  or  rather  small  pebliles,  about  them,  which  will  not  har- 
bour insects.  The  part  out  of  the  ground  may  be  supported 
erectly  by  a  tie  to  a  stick.  It  is  a  good  way  to  slit  with  a  sliarp 
knife  the  part  at  the  peg,  as  in  carnation  layers,  a  little  more 
than  an  inch;  and  some  priik  a  few  holes  about  the  part,  at  a 
joint,  with  a  blunt  awl,  to  help  the  layer  to  strike  root.  Gene- 
rally, layers  should  be  shortened  to  six  or  eight  inches  above 
the  ground,  or  do  it  to  two  eyes,  be  it  more  or  less  above 
ground.  Where  there  are  no  branches  low  enough  to  be  brought 
into  the  ground,  audit  is  not  thought  good  to  iiead  down  for 
the  production  of  low  shouts  or  suckers,  plants  may  be  layered 
by  fixing  a  broken  pot  or  a  Ijox,  with  a  slit  in  the  side,  to  (he 
height  necessary  to  lay  in  a  branch.  A  branch  also,  if  long 
enough,  triay  be  thrust  through  a  hole  of  a  garden  pot  upwards, 
then  filled  with  earth,  and  supported  by  some  <;ontrivance,  and 
shaded  by  some  means,  and  in  both  cases  water  frcipicntly  the 
buds  drawn  through  the  hole  of  the  pot.  By  this  contrivance, 
rooted  jilants  being  procured  in  pot.^,  may  be  turned  out  with 
the  earth  about  their  roots  undisturbed.  A  branch  of  a  vine 
thus  layered  in  Novcnihcr,  may  be  next  year  cut  ofl'.  when  the 
fruit  is  ripe,  brought  in  a  pot  to  table,  and  afterwards  planted 
out.  For  propnualion  of  fruit  trees  by  grafting;,  see  that  article. 
—  VVrilliiii'.s'  ( 'iicl(if>fTiliit. 

GARLAND,  a  sort  of  net,  whose  opening  is  extended  by  a 
wooden  hoop,  of  swnirient  size  fo  admit  a  bowl  or  platter  within 
it;  it  is  accordingly  used  by  sailors  as  a  locker  or  cupboard, 
to  contain  llieir  provisions,  luing  hung  up  to  the  beams  within 
the  birth,  where  they  commonly  mess  between  decks. 


Shot  Gaiiland,  a  piece  of  timber  nailed  horizontally  along 
the  ship's  side  from  one  gun-port  to  another,  and  fitted  with 
several  hemispherical  cavities,  to  contain  the  round-shot  ready 
for  charging  the  great  guns  in  battle. 

GARLIC,  the  root  of  the  Allium.  This  root  has  been  sub- 
jected to  chemical  analysis  ;  and  is  found  to  consist  of  albumen, 
mucilage,  fibrous  matter,  and  w  ater. 

G'VRNET,  a  sort  of  tackle  fixed  to  the  main-stay  of  a  mer- 
chant ship,  and  used  to  hoist  the  cargo  in  and  out  at  the  time 
of  lading  and  delivering  her. 

Gaunf.t,  in  Mineralogy,  is  aspecies  of  the  flint  genus,  of  which 
there  are  two  sub-species,  fi':.  the  precious,  and  common.  The 
precious,  or  oriental,  is  red,  but  of  various  shades.  It  occurs 
most  commonly  crystallized,  either  as  a  dodecadron,  or  as  a 
double  eight-sided  pyramid.  Garnets  are  found  in  almost 
every  country  where  primitive  rocks  exist.  .Switzerland  and 
Bohemia  are  the  two  countries  in  Europe  vihich  furnish  them 
in  the  greatest  abundance.  The  impure  garnets  are  used  to 
advantage  as  a  (lux  when  they  are  found  near  the  iron-mines, 
as  they  not  only  facilitate  the  fusion  of  that  metal,  but  add 
something  to  the  mass  by  contributing  a  portion  of  iron. 

GARNISH,  in  Law  books,  signifies  to  warn. 

GARNISHEE,  used  for  the  third  person  or  party  in  whose 
hands  money  is  attached  within  the  liberties  of  the  city  of  Lon- 
don, so  called  because  he  has  had  garnishment  or  warning  not 
to  pay  the  money,  but  to  appear  and  answer  to  the  plaintiff's 
creditor's  suit. 

GARNISHMENT,  is  a  warning  given  to  a  person  for  bis 
appearance,  for  the  better  furnishiiig  of  the  cause  and  court. 

GARRISON,  in  the  art  of  war,  a  body  of  forces  disposed  in 
a  fortress,  to  defend  it  against  the  enemy,  or  to  keep  the 
inhabitants  in  subjection  ;  in  the  latter  case,  the  garrison  should 
always  be  stronger  than  the  townsmen.  Garrison,  or  winter 
(piarters,  signify  a  place  where  a  number  of  forces  are  laid  up 
in  the  winter  season,  without  keeping  the  rei;ular  guard. 

Garkison  duns,  such  as  are  mounted  and  used  in  a  garrison, 
consisting  of  the  following  weishts,  vi:.  the  l-i,  3f,  24,  18,  12, 
9,  and  (i  pounders,  being  made  either  of  brass  or  iron. 

GARTER,  Ordiii  of  tiik,  a  military  order  of  knighthood, 
instituted  by  King  Edward  III.  It  consists  of  2(i  knights  com- 
panions, generally  princes  and  peers,  whereof  the  king  of 
England  is  the  sovereign  or  chief.  The  college  of  the  order  is 
in  the  castle  of  Windsor,  with  the  chapel  of  St.  George,  and  the 
Chapter-house,  erected  by  the  founder  for  that  purpose.  The 
habit  and  ensign  of  the  order  are  a  garter,  mantle,  cap,  george, 
and  collar.  The  garter,  mantle,  and  cap,  were  assigned  the 
knights  companions  by  the  founder,  and  the  george  and  collar 
by  Henry  Vlll.  The  garter  is  worn  on  the  left  leg  between 
the  knee  and  calf,  and  is  enamrlled  with  this  motto,  /loni  toit 
qui  mill  If  jieiise.  i.e.  "  shame  to  him  that  evil  thinks  hereof." 

GAS,  in  Chemistry,  a  word  that  signifies  a  permanent  elastic 
aeriform  fluid.  Gases  arc  transparent,  elastic,  weighty,  and  in 
most  cases  invisible  ;  they  cannot  be  condensed  into  a  solid 
state  by  any  degree  of  cold  hitherto  known. 

The  air  or  atmosphere  consists  of  a  mixture  of  several  gases, 
which  may  be  obtained  separately.  The  gases  which  we  shall 
describe  are, — 
1 


Atmospheric  Air. 
2.  Oxygen  Gas. 
;?.   Nitrogen  Gas. 

4.  Hydrogen  Gas. 

5.  Carbonic  Acid  Gas. 

().  Light   Carbonated    Hydro- 
gen Gas. 

7.  Heavy  Carbonated  Hydro- 

gen Gas. 

8.  Gaseous  Oxide  of  Carbon. 


9.  Sulphuretted  HydrogenGas. 

10.  Pliosphurctted    Hydrogen 
Gas. 

11.  Nitrons  Gas. 

12.  Nitrous  Oxide  Gas. 
i;}.  Ammonia(-al  Gas. 

14.  Sulphurous  Acid  Gas. 
1.5.  Hydrochloric  Gas. 
IG.  Chlorine  Gas. 
17.  Fluoric  Acid  Gas. 


Atiiiusplieric  Air. — The  mechanical  properties  of  atmospheric 
air,  such  as  its  weight,  elasticity,  &c.  are  considered  under 
the  articles  Am  Pt'Mi"  and  Pneumatics.  Chemistry  examines 
all  its  other  properties.  The  air  of  our  atmosphere  consists 
of  two  clastic,  aeriform  bodies,  called  oxygen  and  nitrogen 
gases,  possessing  dillerent  properties  ;  oxygen  gas  is  capable 
of  supporting  combustion  and  animal  life;  nitrogen  gas  is 
destructive  to  animals,  and  extin:;uishcs  fire.  The  atmosphere 
contains  carbonic  acid  ;  for  alkalies  become  elfervcscent  wlien 
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exposed  to  it,  and  lime-water  acquires  a  pellicle,  or  thin  skin 
on  its  surface,  on  being  exposed  a  suflicient  time  to  the  action 
of  the  air,  even  upon  the  highest  mountains.  Water  also  in  the 
state  of  vapour  is  always  found  in  the  atmosphere. 

Oxygen  Gas,  is  an  elastic  ijivisible  fluid,  ha\ins  neither  taste 
nor  smell,  nor  shewing  any  signs  of  acidity  ;  it  is  740  times 
lighter  than  the  same  bulk  of  water.  Its  weischt  is  to  that  of 
atmospheric  air  as  1103  to  1000.  It  is  absorbed  only  by  com- 
bustible bodies.  It  is  necessary  for  respiration,  and  produces 
animal  heat.  It  is  considered  the  cause  of  acidity,  and  from 
this  property  is  named  oxjgen,  derived  from  two  Greek  words, 
denoting  the  cause  of  the  acidity  ;  these  are  ojus,  acid,  and 
yivo/mt,  to  produce  or  generute.  Oxygen  gas  is  procured  in 
great  purity  from  pure  oxygenated  muriate  of  potash.  We 
have  before  described  the  method  of  obtaining  this  and  other 
gases.  It  may  likewise  be  obtained  from  the  green  leaves  of 
plants,  but  not  in  sufficient  quantity  for  chemical  experiments. 
Nitrogen  or  Azotic  Gas,  will  not  support  life  by  respiration, 
but  quickly  kills  animals  that  breathe  it;  plants,  however, 
thrive,  and  even  flourish  in  it.  It  has  no  taste.  It  neither 
reddens  blue  vegetable  colours,  nor  precipitates  lime-water. 
No  combustible  substance  burns  in  nitrogen  gas.  It  cannot 
be  absorbed  by  water.  It  unites  to  hydrogen,  under  certain 
circumstances,  and  with  it  constitutes  ammonia.  When  united 
to  oxygen  in  different  proportions,  it  forms  atmospheric  air, 
gaseous  oxide  of  azote  or  nitrogen,  nitrous  gas,  nitrous  acid, 
and  nitric  acid.  It  is  a  component  part  of  all  animal  sub- 
stances ;  from  which  it  may  be  obtained. 

Hydrogen  Gas,  or  inflammable  air,  is  found  in  a  natural  state 
in  muddy  waters  and  in  marshes,  in  mines,  in  coalpits,  and  in 
the  bowels  of  animals.  In  these  states,  however,  it  is  generally 
combined  with  carbon,  sulphur,  and  phosphorus.  It  is  exhaled 
from  all  places  where  there  are  animal  or  vegetable  matters  in 
a  stale  of  putrefaction.  Hydrogen  gas  is  obtained  in  a  state 
of  purity  by  decomposing  water,  because  its  base  is  one  of  the 
constituent  parts  of  that  fluid.  This  gas,  therefore,  has  been 
called  hydrogen,  from  two  Greek  words  vJop  water,  and  yivo/iai, 
to  generate,  that  is,  the  generator  of  water. 

Carbonic  Acid  Gas,  (the  first  elastic  aeriform  fluid,  different 
from  common  air,  that  was  known,)  cannot  support  flame,  nor 
animal  life;  its  taste  is  acid,  and  its  specific  weight  is  to  that 
of  atmospheric  air,  as  1-500  is  to  1000.  It  may  be  poured  from 
one  vessel  into  another.  This  may  be  shewn  by  placing  a 
lighted  taper  at  the  bottom  of  a  vessel,  and  pouring  carbonic 
acid  gas  over  it  from  another  vessel.  The  lighi  will  be  imme- 
diately extinguished.  Hence  we  infer,  that  the  gravity  of  the 
gas  has  enabled  it  to  descend,  and  to  displace  the  common  air 
at  the  bottom ;  which  being  lighter,  is  of  course  obliged  to 
ascend.  Carbonic  acid  gas  is  diHused  in  the  greatest  abundance 
throughout  nature. 

Marble,  limestone,  and  chalk,  consist  of  this  acid  and  lime. 
Carbonated  water,  or,  as  it  has  been  called,  soda  water,  is 
merely  water  impregnated  by  carbonic  acid.  This  agreeable 
draught  is  made  in  a  series  of  vessels  containing  water  and 
common  chalk.  Sulphuric  acid  is  poured  in,  «hieh  unites  with 
the  lime,  and  at  the  same  time  the  carbonic  acid  is  expelled. 
This  acid  is  absorbed  by  the  water  which  is  ready  to  receive 
it.  The  sparkling  of  carbonated  waters  is  owing  to  the  rapid 
escape  of  the  gas.  What  is  called  soda  water,  or,  more  pro- 
perly speaking,  carbonated  water,  is  made  in 
an  apparatus,  of  which  the  annexed  is  a 
figure.  C  is  a  flat  vessel,  having  a  cock  D, 
through  which  chalk  and  sulphuric  acid  are 
supplied  for  forming  the  gas.  which  passes 
through  the  tube  H,  by  a  valve  iuto  the  ves- 
sel B,  containing  the  water  to  be  saturated, 
and  which  may  be  drawn  off  by  the  cock  E. 
Into  this  vessel  is  inserted  a  tube  proceeding 
from  another  vessel  A,  also  charged  with 
water,  and  having  an  opening  F,  in  which  is 
placed  a  stopper,  and  through  which  fresli 
water  is  occasionally  poured.  Tlie  water  in 
the  upper  vessel,  and  the  weight  oftlie  stop- 
per, press  and  agitate  that  in  the  vessel  IJ,  by 
which  it  is  more  speedily  impregnated.  The 
whole  is  made  of  glass,  and  is  termed  Nooth's  apparatus. 


For  the  general  purposes  of  impregnating  water  with  gases, 
a  set  of  glass  vessels  (called  Woulfe's  apparatus)  is  used. 
Annexed  is  an  engraving  of  this  apparatus.  A  is  a  retort  hav- 
ing a  tubulure,  through  which  the  materials  for  procuring  any 
gas  are  passed.      B  is  a  globe    or   receiver,   into  which   is 


inserted  a  tube  C,  bent  at  right  angles,  and  communicating  wi'J; 
the  second  receiver  D.  From  this  one,  another  tube  proceeds 
in  the  same  way  to  the  third  receiver,  and  from  the  third 
another  passes  to  ihc  fourtli.  E  is  the  last  tube,  which  passes 
through  water  info  any  vessel,  for  the  reception  of  the  most 
volatile  product,  or  that  which  will  not  combine  with  the  water 
or  other  fluid  contained  in  the  three-necked  bottles.  It  will  be 
seen  that  a  perpendicular  tube  enters  the  middle  neck  of  each 
receiver.  These  are  safety  tubes  to  prevent  the  apparatus  from 
bursting,  as  the  gas  might  be  evolved  too  quickly  from  the 
retort  to  be  absorbed  by  the  water.  Sometimes  these  tubes 
are  bent  at  right  angles,  and  have  a  drop  of  mercury  in  them, 
which  moving  up  and  down,  according  as  the  gas  is  abundantly 
generated,  acts  as  a  valve,  permitting  the  superabundant  gas 
to  escape.  By  means  of  this  apparatus,  water  may  be  impreg- 
nated by  muriatic  acid  and  nitrous  gases,  so  as  to  form 
muriatic  and  nitric  acids.  To  shew  that  carbonic  acid  gas  is 
fatal  to  animal  life,  put  a  mouse,  or  otiier  small  animal,  into  a 
vessel  filled  with  it,  and  cover  the  vessel  to  prevent  the  admis- 
sion of  atmospheric  air.  The  animal  will  die  in  a  minute  or 
two.  It  is  this  gas  w  hich  has  produced  so  many  fatal  accidents 
at  the  opening  of  cellars  or  vaults,  in  v.'hich  wine,  cider,  or  beer, 
has  been  fermenting. 

Light  Carbonated  Hydrogen  Gas,  is  hydrogen  gas  holding 
charcoal  in  solution.  There  are  several  kinds  of  it  obtained  by 
different  processes,  which  difl'er  in  their  properties,  and  in  the 
proportions  of  their  constituent  principles.  This  gas  is 
obtained  from  animal,  vegetable,  and  mineral  substances. 
Nature  produces  it  in  marshes  and  ditches,  on  the  surface  of 
putrid  water,  in  coal  mines,  burying  plares,  common  sewers, 
and  in  those  situations  where  putrid  animal  and  vegetable 
matters  are  accumulated.  It  is  also  generated  in  the  intestinal 
canal  of  living  animals,  and  may  be  plentifully  obtained  from 
most  stagnant  waters.  It  may  also  be  obtained  during  the 
distillation  of  animal  and  vegetable  matters.  This  gas  is 
known  in  coal  mines  by  the  name  of  fire-damp.  Its  destructive 
effects  had  probably  been  felt  in  all  collieries  until  this  moment, 
but  for  that  useful  invention  of  the  immortal  Davy — the  safety 
lamp  ;  or,  as  the  miners  in  gratitude  term  it,  ■'  the  Davy." 
This  lamp  is  on  the  principle  of  the  impossibility  of  the  passage 
of  inflamed  gas  through  apertures  of  small  diameters.  Accord, 
ingly,  wire  gauze  is  used  for  this  purpose.     See  Lamp. 

Heavy  Carbonated  Hydrogen  Gas,  was  first  noticed  by  .some 
Dutch  chemists,  who  observed  in  it  a  particular  property,  that 
when  it  was  combined  with  oxygenated  muriatic  acid  gas,  the 
aeiil'orm  state  of  both  fluids  was  destroyed,  and  oil  was  pro- 
duced ;  for  which  reason  they  call  it  olefiant  gas.  This  gas  is 
obtained  in  decomposing  spirits  of  wine  by  sulphuric  acid  in  a 
great  heat.  It  is  also  obtained  abundantly,  when  alcohol  is 
passed  through  a  red-hot  earthen  tube.  Sulphuric  ether,  mixed 
with  sulphuric  acid,  and  subjected  to  heat,  also  affords  it. 

Gaseous  Oxide  nf  Carbon,  first  described  by  Dr.  Priestley,  is 
exceedingly  uoxi(ms  ;  animals  die  in  it  instantly.  It  is  obtained 
from  chalk  and  filings  of  zinc. 

Before  closing  these  articles  we  may  observe,  that  carbonic 
acid  gas — the  choke  damp  of  mines — escapes  also  during  the 
fermentation  of  porter  ;  and  instances  of  its  destructive  effects 
have  occurred,  w  here  persons  have  incautiously  put  their  noses 
to  the  bung-holes  of  casks  while  this  process  was  going  on. 
Charcoal  fumes,  so  deleterious  in  many  manufactories,  are 
generated  by  burning  charcoal  in  common  air,  and  are  in  fact 
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nolliiii^  more  tliaii  carhonie  ncid  gas  fumes.  A  pan  of  lime- 
water  placetl  on  (lie  floor  will  absorb  tiie  gas,  and  allow  the 
artizan  to  respire  toleral)l>  pure  atmospheric  air.  Yet,  strange 
as  it  may  appear,  carboijie  acid  gas  is  evolved  from  our  lungs 
in  respiration,  as  is  proved  by  breathins  into  a  pliial  containing 
pure  lime-water,  wliieli  will  become  quite  turbid  by  the  com- 
bination of  the  pure  lime  with  the  carbonic  acid  proceeding 
from  the  lungs. 

Sulj)/nirctletl  Hi/(lrnt;en  Gas,  has  the  properties  of  an  acid  ; 
for  when  absorbed  by  water,  its  solution  reddens  vegetable 
blues.  It  combines  also  with  alkalies,  earths,  and  with  several 
metallic  oxides.  This  gas  has  an  odour  resembling  that  of 
putrid  eggs.  It  kills  animals,  and  extinguishes  burning  bodies. 
It  isjnllanimablc  when  mixed  with  oxygen  gas,  or  atmospheric 
air.  It  is  this  gas  which  gives  their  peculiar  smell  to  the  waters 
of  Harrowgate,  Aix-la-Chapelle,  and  St.  llernard's  Well  at 
Edinburgh. 

Phosplmretted  Hydrogen  Gas,  consists  of  phosphorus  dissolved 
in  hydrogen  gas.  It  is  the  most  condmstible  substance  in 
nature,  and  is  distinguished  from  all  other  gases  by  taking 
fire  when  brought  in  contact  with  atmospheric  air.  When 
mixed  with  oxygen  gas,  or  with  oxygenated  muriatic  acid  gas, 
it  burns  violently.  When  bulibles  of  it  arc  sull'ered  to  pass 
through  water,  they  take  lire  in  succession  as  they  reach  the 
surface  of  the  fluid.  Its  smell  resembles  that  of  putrid  fish. 
Phosphoretled  hydrogen  gas  is  also  found  naturally.  The  air 
which  burns  at  the  surface  of  certain  springs,  forming  what  are 
called  burning  springs,  and  the  »(/nis /rtii/Hi  (jack  o'lanteru,) 
which  glides  along  burying  grounds,  consists  of  this  gas. 

ISitnms  Gas,  is  an  aeriform  fluid,  consisting  of  a  certain 
quantity  of  nitrogen  gas  and  oxygen.  It  is  colourless,  having 
no  sensible  taste,  and  is  neither  acid  nor  alkaline ;  it  cannot 
be  respired.  The  greater  number  of  combustible  bodies  can- 
not burn  in  it.  It  is,  nevertheless,  capable  of  supporting  the 
combustion  of  some  bodies.  Phosphorus  burns  in  it  when 
introduced  in  a  state  of  inllammalion.  Ilombcrg's  pyrophorus 
takes  (ire  in  it  spontaneously.  It  is  obtained  fiom  copper  and 
nitric  acid  diluted  with  water. 

Gaseous  Oxidi:  of  Azote,  or  nitrous  oxide,  obtained  from  the 
nitrate  of  ammonia,  by  heating  the  salt  to  about  400°  Fahren- 
heit, is  a  permanent  gas,  in  which  animals,  when  conlined,  give 
no  signs  of  uneasiness  at  first,  but  soon  become  restless,  and 
then  die.  When  mingled  with  atmospheric  air,  and  then 
received  into  the  lungs,  it  generates  highly  pleasurable  sensa- 
tions. It  excites  the  body  to  action,  and  rouses  the  faculties 
of  the  mind,  inducing  a  state  of  great  exhilaration,  and  an  irre- 
sistible propensity  to  laughter,  a  rapid  flow  of  vivid  ideas,  and 
unusual  vigour  and  fitness  for  muscular  exertions;  in  some 
respects  resembling  the  sensations  attendant  on  intoxication, 
without  any  languor,  depression  of  spirits,  or  disagreeable 
feelings  afterwards,  but  more  generally  followed  by  vigour,  and 
a  disposition  to  exertion,  which  gradually  subsides. 

Ammoiiiacal  Gas,  is  composed  of  hydrogen  and  nitrogen,  ren- 
dered gaseous  by  the  addition  of  caloric.  This  gas  sull'ocates 
animals,  and  extinguishes  burning  bodies,  like  all  the  other 
suH'ocaling  gases;  but  it  is  ."slighlly  inflammaltle,  increasing  the 
flame  of  a  taper  before  it  extinguishes  it. 

Sulji/imous  Acid  Gns,  is  no  where  found  in  a  natural  state,  but 
is  entirely  a  production  of  art,  obtained  by  exposing  to  heat  in  a 
retort,  sulphuric  acid,  while  it  is  exercising  an  action  on  some 
combustible  body,  as  oil,  charcoal,  mercury,  &c.  Sulphurous 
acid  gas  is  twice  as  heavy  as  atmospheric  air.  It  extinguishes 
burning  bodies,  and  suffocates  animals.  It  first  reddens,  and 
then  destroys,  most  of  the  vegetable  colours.  It  has  the  pro- 
perty of  uhitening  silk,  and  giving  it  a  lustre. 

Hi/drvc/ilnric  or  IMuriatie  Acid  Gas,  obtained  by  exposing  to 
heat,  fuming  muriatic  or  hjdroeliloric  acid,  put  into  a  retort, 
the  beak  of  which  is  introduced  below  a  hell-glass  filled  with 
mercury,  and  placed  on  the  shelf  of  a  mercurial  pneumatic 
apparatus,  is  heavier  than  atmospheric  air,  sufl'ocates  animals, 
and  extinguishes  a  lighted  taper;  but  first  enlarges  its  flame, 
and  makes  it  appear  of  a  green  or  bluish  colour  at  the  edges. 

C'liloriiie  or  Ojijgenated  Muriatic  Acid  Gas,  the  muriatic  gas 

deprived  of  its  hydrogen,  is  of  a  greenish  yellow  colour.     This 

gas  destroys  vegetable  colours  only,  rendering  all  flowers,  and 

the  green  leaves  of  plants,  white ;  and  alkali  is  not  capable  of 
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restoring  their  colours.  Hence  this  acid  is  now  veiy  generally 
emplojed  in  the  gaseous  or  the  liquid  state,  to  whiten  thread, 
cotton,  linen,  wax,  &c. 

The  oxygenated  nmriatie  acid  is  emi)loyed  in  four  different 
wajs  for  the  purpose  of  bleaching;  first,  in  the  state  of  gas 
alone;  secondly,  in  the  state  of  gas  combined  with  water,  or 
what  is  called  the  acid  ;  thirdly,  potass  is  mixed  with  the  acid 
to  condense  the  gaseous  vapour,  and  destroy  its  suflocating 
odour;  fourthly,  oxygenated  muriates,  dissolved  in  water,  are 
employed.     See  the  article  Bleaching,  pp.  lOS— 111. 

Fluoric  Acid  Gas,  may  be  obtained  by  decomposing  fluate  of 
lime  (Uerbyshire  spar)  by  means  of  sulphuric  acid.  The  most 
remarkable  property  of  this  gas  is  its  power  of  dissolving  silex  ; 
it  therefore  dissolves  glass,  crystal,  and  various  precious 
stones.  It  is  heavier  than  common  air.  It  does  not  maintain 
combustion,  nor  can  animals  breathe  it;  but  its  property  in  dis- 
solving flint  makes  it  useful  in  etching  on  glass,  either  as  a  gas, 
or  in  a  liquid  state. 

There  are  a  variety  of  other  gases,  the  enumeration  of  which 
in  this  place  would  be  attended  with  little  utility  to  the  reader 
of  a  work  like  our  Dictionary. 

On  the  Expansion  uf  Gases  ;  with  an  easy  Rule,  and  a  Table,  for 
finding  the  Expansion  of  Air  or  any  Gas,  from  32°  to  212°  JFah- 
renhcit. — An  accurate  knowledge  of  the  expansion  of  gaseous 
bodies  being  of  great  importance  in  chemical  researches,  many 
experiments  were  made  to  ascertain  it,  but  the  results  were 
long  so  various  and  different  from  each  other,  that  none  could 
be  depended  on.  The  reason  of  this  diflereucc  was  the  want  of 
attention  on  the  part  of  experimenters,  in  not  excluding  with 
suflicient  care  the  particles  of  water  from  the  vessels  employed 
to  measure  the  expansion  of  gases.  When,  therefore,  heat  was 
applied  to  raise  the  temperature  of  any  gas,  the  particles  of 
water  were  converted  into  vapour,  and  mixing  with  the  gas, 
produced  a  difference  in  the  actual  change  of  bulk  which  it  hnd 
experienced.  To  this  cause  only  can  be  ascribed  the  varia- 
tions in  the  determinations  of  DeUie,  General  Koy,  and  others, 
on  this  important  point.  The  subject  happened  to  engage  the 
attention  of  Dalton.  of  Jlanchester,  and  Gay  Lussac,  in  France ; 
and  the  coincidence  in  the  results  of  their  experiments  afi'ords 
convincing  proof  of  their  accuracy.  Dalton  published  the 
account  of  his  experiments  about  six  months  before  Lussac, 
and  his  apparatus  was  more  simple  than  that  of  the  French 
chemist.  It  consisted  merely  of  a  glass  tube,  open  at  one  end, 
and  graduated  into  equal  parts  ;  after  it  was  properly  dried,  the 
gas  was  introduced  into  it,  and  it  was  then  filled  with  mercury 
at  the  open  end  to  a  given  point;  heat  being  then  applied,  the 
amount  of  dilatation  was  observed,  by  the  quantity  of  mercury 
expelled.  Lussae's  apparatus  was  more  complicated,  but 
capable  of  greater  precision;  and,  as  his  experiments  were 
made  in  greater  quantities  of  air,  their  coincidence  with  the 
former  induced  perfect  confidence  in  the  accuracy  of  the  results. 

Their  experiments  led  to  the  important  conclusion,  that  air, 
and  all  gaseous  bodies,  undergo  the  same  degree  of  expansion, 
by  the  application  of  the  same  degree  of  heat ;  so  that  the  rate 
of  expansion  for  one  being  determined,  gives  the  rate  of  expan- 
sion for  all.  The  expansion  obtained  by  Gay  Lus.sac,  by  heat- 
ing air  from  32°  to  212°,  was  -375,  or  1  of  its  bulk  at  32°,  and 
that  obtained  by  Dallon,  was  ■37(>  for  the  same  bulk.  Now, 
this  fact  being  established,  that  air  expands  about  J,  or  one- 
2C6Gth  of  its  bulk,  when  heated  from  32°  to  212°,  or  180°;  it 
follows,  that  for  every  1°  of  the  thermometer,  air  will  expand 
one  four  hundred  and  eightieth  part  of  its  bulk  at  .■32".  The 
experiments  of  Dalton  would  give  about  one-17l»'8th  for  this 
expansion,  but  the  difference  is  of  no  great  moment.  From 
the  experiments  of  Lussac,  it  appears,  that  the  steam  of  water, 
and  the  vapour  of  ether,  experience  the  same  expansion  as  air, 
when  the  same  addition  is  made  to  their  temperature;  hence 
it  may  be  inferred,  that  all  clastic  fljids  expand  equally  and 
uniformly  by  heat. 

To  determine,  therefore,  the  expansion  of  air,  or  any  gas,  at 
any  temperature,  or  in  other  words,  to  ascertain  the  increase  of 
bulk  which  it  undergoes,  when  heated  from  the  eommencenieut 
of  the  common  thermic  unit  32°,  to  any  degree  within  its  range, 
which  terminates  at  212°,  we  have  only  to  add  one-480lh  part 
of  its  bulk,  at  32°  for  every  degree  between  that  point  and  the 
temperature  required. 
4  z 
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Tims,  if  the  bulk  of  a  quantity  of  any  gas  at  32°,  be  10  cubic 
inches,  aud  its  bulk  at  60°  be  required,  we  have  only  to  sub- 
tract   32°  from  00°,  and  the  remainder  28  is  the  number  of 

1  28 

degrees  intervening ;  then  — -  x  28  =:  — ,  the  expansion  of  a 


unit  for  28°  : 


480 

28 
wherefore,  ^-  x 


'  480 

280 
10  cubic  inches  ■=.  73-,^:  •5833, 

4S0 


the  increase  of  volume,  which,  added  to  10  cubic  inches,  makes 
I0'5S33  cubic  inches,  the  bulk  of  the  i;as  at  32°,  when  raised  to 
the  temperature  of  60°.  It'  the  bulk  of  a  quantity  of  gas,  at  any 
tempeiature  above  32°  be  given,  and  its  bulk  at  a  still  higher 
temperature  be  required,  we  must  first  subtract  32°  from  the 
given  temperature  ;  then  add  the  remainder  to  the  denominator 

of  the  fraction   —  ,  and  proceed  as  before.     Thus,  to  find  the 

expansion  of  10  cubic  inches  of  gas  at  50°,  when  raised  to  the 
temperature  of  60°,  we  have  50°  —  32°  =z  18°,  and  60°  —  50° 


1=  10°.     Now,  - 


480 


18 


— g,   and 


498 


X  10°  = 


10 


the 


10 


expansion  of  a  unit  for  10°,  wherefore  — 


498 


498' 
X   10  cubic  inches 


100 


=   ■--  =  -208,  the  increase  of  volume,   which,   added  to   10 

cubic  inches,  the  bulk  of  the  gas  at  50°,  when  raised  to  the 
temperature  of  63°. 

If  the  bulk  of  a  quantity  of  gas  at  a  higher  temperature  be  given, 
and  its  bulk  at  a  lower  temperature  be  required,  we  must  then 
subtract  32°  from  each  temperature,  and  add  the  remainders  to 
the  denominator  of  the  fraction  ^--,;  then  making  the  least  sum 
the  numerator,  and  the  greatest  the  denominator  of  a  new  frac- 
tion, we  proceed  with  the  operation  as  before.  Thus,  to  find  the 
contraction  of  10  cubic  inches  of  gas  at  80°,  when  cooled  to  the 
temperature  of  60°,  we  have  00°  —  32°  =  28°  ;  and  8U°  —  30°  =: 

40»;  also,  80°  -  00°=  20°;  hence,  4^!-^-^=z^!'tlieex- 


■528 


508 


pansion  of  a  unit  for  20°;  wherefore,  rv„  x   10  cubic  inches  = 

5080 
-^^  =  9-4318  oubic  inches,  the  volume  of  the  gas  at  80°, 

when  cooled  down  to  the  temperature  of  00°. 

Such  is  the  mode  of  calculation  adopted  by  chemists,  in  the 
calculation  of  the  expansion  of  air  and  gas,  and  the  examples 
might  be  so  varied  as  to  give  occasion  for  a  variation  in  the, 
rules  for  each  ;  but  we  proceed  to  give  a  much  more  simple  and 
general  rule  for  determining  this  expansion  in  every  case  that 
can  he  proposed  within  the  thermic  unit. 

Rule. — The  volumes  uf  all  the  yases  are  to  each  other  as  448  -j- 
the  temperature ;  that  is,  as  448  -f  the  i/iiun  temperature,  is  to 
448  -f  the  required  temperature,  suis  the'bulh  of  a  quantiti/  off/as 
at  the  given  temperature,  to  its  bulk  at  the  required  temperature. 
Thus,  in  tlie  first  of  the  above  cases,  we  shall  have  448  -|-  32°  : 
448  -i-  60°  :  :  10  cubic  inches  :  I0o833  cubic  im-hes,  or  480  : 
508  :  :  10  cubic  inches  :  10-5833  cubic  inches,  the  bulk  of  the 
gas  at  32°,  when  raised  to  the  temperature  of  60°.  as  found 
above. 

In  the  second  ease,  we  shall  have  448  -f  50°  :  448  -1-  00°  :  : 
10  cubic  inches  :  102008  cubic  inches,  or  498  :  508  :  :  10 
cubic  inches  :  10-2008  cubic  inches,  the  bulk  of  the  gas  at  50°, 
when  raised  to  the  temperature  of  00'-',  as  found  above. 

In  the  third  case,  we  shall  have  448  -j-  80°  :  448  +  00°  :  : 
10  cubic  inches  :  9-4318  cubic  inches,  or  528  :  508  :  :  10  cubic 
inches  :  9-4318  cubic  inches,  the  bulk  of  the  gas  at  80°  when 
cooled  down  to  the  temperature  of  00°. 

From  these  examples  will  be  seen  the  superiority  of  this 
single  rule,  to  the  former  methods  of  calculating  the  increase  or 
diminution  of  the  volumes  of  gases,  when  expanded  by  heat,  or 
contracted  by  cold. 

The  following  Table,  constructed  on  these  principles,  shews 
the  expansion  of  air  for  nearly  every  temperature,  from  32°  to 
212',  supposing  that  its  bulk  at  32°  is  unity  1000000,  or  1000000 


Table. 


T«inp. 
3-2° 

Buli. 

Temp. 

59° 

Bulk 

Temp. 

86° 

Bulk. 

1000000 

1056-249 

1112199 

33 

100-2083 

60 

1058333 

87 

1114583 

34 

1004160 

61 

1000416 

88 

1110066 

35 

1006349 

02 

100-2499 

89 

1118749 

30 

1008333 

03 

1061583 

90 

11-20833 

37 

1010410 

64 

1066666 

91 

11-22916 

38 

1012499 

05 

1068749 

92 

11-24999 

39 

1014583 

60 

1070833 

93 

1 1-27083 

40 

1016666 

67 

107-2916 

94 

11-29100 

41 

1018749 

68 

1074999 

95 

1131219  , 

42 

1020833 

69 

1077083 

96 

1133333 

43 

10-22916 

70 

1079106 

97 

113.5416 

41 

10-24759 

71 

1081249 

98 

1137499 

45 

1027083 

72 

1083333 

99 

1139583 

40 

10-29166 

73 

1085410 

100 

1141CCG 

47 

1031-249 

74 

1087499 

no 

1162499 

48 

1033333 

75 

1089333 

1-20 

1183333 

49 

1035416 

70 

1091606 

130 

1204160 

50 

1037499 

77 

1093749 

140 

1224999 

51 

1039583 

78 

1095833 

150 

1245833 

52 

1041666 

79 

1097916 

160 

1-266666 

53 

1043749 

80 

1099999 

170 

1-287499 

54 

1045833 

81 

110-2083 

180 

1308333 

55 

1047910 

82 

1104166 

190 

13-29100 

56 

1049999 

8;i 

1 106249 

-200 

1349999 

57 

1052083 

84 

11083.33 

210 

13788-23 

53 

1054166 

85 

1110416 

212 

1375000 

Table  shewing  the  Absolute  ff 'eights  and  Specific  Gravity  of 
Gases,  and  the  Quantity  of  each  absorbed  by  Water. — Tempe- 
rature 60°  Fahrenheit.     Barometer  -29-8. 


KIND  OF  GAS. 


Nitric  acid, 

Sulphurous 

Vapour  of  ether, 

Muriatic  acid, 

Vapour  of  alcohol 

Nitrous  oxyde, 

Carbonic  acid, 

Ditto,  ditto, 

Muriatic  acid, 

Sulphuretted  hydrogen, 

Nitric  oxyde, 

Nitric  oxyde, 

Oxygen  gas, 

Sulphuretted  hydrogen, 

Oxygen  gas, 

Atmospheric  air, 

Azotic  gas, 

Azotic  gas, 

Carbonic  oxyde, 

Olefiant  gas, 

Hydrocarburet    froni   stagnant 

water, 

Ditto  from  coal, 

Ditto  from  ether, 

Ammonia, 

Ditto 

Arsenicatcd  hydrogen  gas, .. .. 
Hydrocarburet  from  alcohol,.  . 
Ditto,  from  water  over  ignited 

charcoal, 

Hydrogen  gas, 

Phosphurettcd  hydrogen,  .. . 


Weight   of 
109    cubic 

inches, 
iu   (trains. 


70- 

70-215 

02-1 

59-8 

51-5 

50- 1 

465 

455 

44-7 

48-17 

37- 

3  {-3 

34-74 

34-286 

34- 


30-535 
30-45 
.30- 
28-18 

•2060 

20-2 

20- 

1810 

18- 

10- 

14-5 
2-013 


S|iecilic  Gravity. 


Water  the 

standard 

at  1000. 

3- 

275 

1-985 

1-84 

1-802 

1-765 

1-465 

1-.3G 

1-39 

1-36 

l-,-55 

1-2279 

1-21 

1--20 

1-185 

0-715 

0-713 

0-6499 

Air  the 
standard. 


01031 


2426 

2240 

2-250 

19-29 

2100 

1615 

1500 

1470 

1430 

1231 

1193 

1105 

1127 

1142 

1103 

1000 

985 

980 

967 

905 

66C 
6.50 
645 
585 
580 
.5-29 
510 

468 
84 
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Gas  Light.  Havin°f,  under  the  article  Coal,  explained  the 
mctliod  of  ohtaiiiins  tins  artificial  liglit,  we  now  proceed  to 
describe  and  illustrate  the  apparatus  of  a  manufactory  of  Gas 
for  public 'use,  from  a  treatise  on  Gas  Lisbling  by  Mr.  Peik- 
gton,  in  wliicli  theory  and  practice  are  happily  combined. 
On  this  subject  Mr.  P.  is  preparing  a  Iar;;er  work,  which,  if  ho 
may  judge  from  the  ability  and  science  displayed  in  what  is  now 
before  us,  will  be  found  of  intrinsic  value. 

Gas  is  obtained  from  distilling  coal  in  a  retort — it  is  then 
vURiFiun — and,  finally,  lf.t  off  to  the  consumers  by  means  of 
pipes.  The  consideration  of  the  two  processes  of  distillation 
and  purilioation  solicit  our  chief  attention  ;  the  process  of  dis- 
tribution shall  be  brielly  discussed,  when  the  former  steps  shall 
have  been  fully  explained. 

The  retorts  used  for  the  distillation  of  pit-coal,  are  of  dificr- 
nt  shapes  in  different  establishments,  being  in  some  ci}-cular, 
iu  others  elliptical,  square,  or  semicircular.    There  have  also 
been  invented  rotiUury  retorts. 

The  circular  retorts  (for,  in  adverting  to  the  shape  of  them, 
I  am  to  be  understood  as  speaking  of  that  section  which  is 
vertical  and  parallel  to  the  flanches  at  their  mouths)  are  cylin- 
ders of  about  six  feet  in  length,  and  twelve  inches  diameter 
inside.  These  have,  till  recently,  been  set  on  the  Hue  plan,  and 
when  set  two  to  one  fire,  carbonization  was  carried  on  at  about 
twenty  per  cent.  ;  or,  to  speak  in  more  familiar  language,  it 
required  twenty  chaldrons  of  coals  to  keep  a  sufliciont  number 
of  retorts  so  heated  as  to  be  capable  of  carbonizing  one  hun- 
dred chaldrons  in  a  proper  manner  ;  when  the  retorts  were 
worked  at  eight  hours' charges,  with  two  bushels  of  coals  to 
one  retort  eacli  charge.  The  fire-place  for  healing  (his  kind  of 
retort  was  opposite  to  its  month;  and  under  these  circum- 
stances, a  retort,  cast  from  metal  of  the  second  running,  and 
weighing  about  ten  hundred  weight,  would  last  from  eight  to 
ten  months. 

The  lir.st  step  towards  the  present  mode  of  setting  retorts 
was,  by  heating  three  with  one  fire;  on  such  plan  several  were 
set  in  dillerent  works.  Retorts  set  three  to  one  fire  having,  by 
experiment  on  a  large  scale,  been  proved  to  answer  no  desir- 
able end,  the  next  alteration  in  the  mode  of  setting  was,  that  of 
heating  four  by  one  fire.  On  this  plan,  a  hundred  retorts  were 
put  up  at  one  of  the  estahlisliments  in  London — these  it  was 
ibund  impos.sible  to  heat ;  for  one  part  of  the  retort  would  have 
actually  melted  before  the  other  had  arisen  even  to  a  dull  red. 
A  second  setting  of  retorts,  in  which  four  were  to  be  heated  by 
one  fire,  succeeded  belter  than  the  first,  for  the  retorts  heated 
very  regularly — but  carbonization  was  not  carried  on  at  so  low  a 
per  centage  as  when  only  two  were  heated  by  one  fire  ;  it  was 
considerably  increased,  and  what  was  still  worse,  the  retorts 
were  sooner  burnt  out.  The  carbonization  increased  daily  in 
its  expenses,  till  at  last  it  rose  as  high  as  fifty  per  cent.  This 
was  owing  principally  to  working  fewer  retorts  than  the  fires 
necessary  to  be  kept  up  would  liavc  heated,  had  the  retorts 
placed  over  each  fire  in  action  remained  in  a  working  slate  ; 
for  it  very  frc(|uently  happened,  when  seventy  or  eighty  retorts 
were  working,  as  many  fires  were  kept  lighted  as  actually 
heated  a  hundred,  and  for  the  following  reason: — The  action 
of  the  fire  not  being  unifonnly  directed  towards  each  retort  in 
the  series  of  four,  one  of  them  became  ineircctive  ;  when  such 
was  the  case,  only  three  out  of  the  four  could,  of  course,  be 
used ;  soon  afterwards  a  second  failed,  and  then  but  two 
remained  in  use,  and  so  on  ; — indeed,  it  was  no  uncommon 
circumstance  to  work  but  two  retorts  by  that  fire  which  actually 
heated  four,  owing  to  two  of  them  being  burnt  out.  AVIicn 
retorts  were  set  four  to  one  fire,  it  happened  that  they  were 
frequently  worked  under  the  above  disadvantage  more  from 
necessity  than  choice  ;  for  whenever  it  liecame  necessary  to 
remove  defective  ojies  over  one  fire,  it  followed  that  the  adjoin- 
ing fires  could  not  be  kept  lighted  ;  for  if  they  remained  so, 
the  bricklayers  could  not  perrorm  their  work— consc(iiicntly, 
when  it  was  required  to  replace  a  series  of  four,  the  use  of 
twelve  retorls  was  lost  to  the  manufacturer  till  such  time  as  the 
defective  ones  over  the  fire-place  undergoing  repair,  were  again 
ready  to  be  brought  into  action.  The  pulling  down  of  the 
defective  retorts,  and  the  replacing  of  them  so  as  to  be  again 
ready  for  charging,  in  one  scries,  was  seldom  accomplished  in 
less   than   a   week ;    therefore,    when   the   manufacturer   was 


unable,  from  the  quantity  of  gas  he  had  to  supply,  to  dispense 
with  the  use  of  so  many  retorts,  he  was  compelled  to  work  them 
under  every  disadvantage. 

As  the  expense  of  resetting  one  retort,  when  put  up  in  a 
series  of  four,  for  labour  and  new  materials,  exclusive  of  the 
retort  itself,  amounted  to  about  eight  pounds,  or  at  the  rale  of 
thirty-two  pounds  for  each  series,  it  became  a  tlesideralum  to 
be  able  to  replace  a  burnt-out  retort  without  pulling  down  the 
brickwork  and  alloiving  the  retorts  next  adjoining  to  remain 
inactive.  Actuated  by  a  zeal  foe  promoting  the  interest  of  the 
manufacturer,  my  attention  was  turned  to  the  subject ;  and, 
after  very  n)aturely  considering  the  mailer,  Mr.  Peckston  hit 
upon  a  plan  which  would  enable  the  operator  to  remove  a 
defective  rcloi  t  in  a  few  hours,  without  expense,  save  labour, 
and  a  few  shillings  for  bolts  and  cement 

When  retorts  were  set  four  to  one  fire,  the  top  ones  invari- 
ably failed  first,  and  this  led  to  a  supposition  that  if  the  top 
ones  were  guarded  by  tiles  from  the  action  of  the  fire  in  the 
same  way  that  the  lower  retorls  were  guarded,  they  would  be 
more  likely  to  remain  a  longer  time  eileclive.  Retorls  were 
accordingly  so  set,  and  whilst  the  fire-]>laees  were  continued 
at  that  side  which  was  opposite  to  the  side  for  charging  and 
drawing,  they  did  last  considerably  longer,  but  then  they  were 
by  no  means  so  effective  as  on  the  former  plan.  They  fell  out 
of  all  shape,  and  consequently  were  not  capable  of  carbonizing 
such  a  quantity  of  coals  as  would  be  advantageous  to  the  manu- 
facturer of  coal  gas.  A  deviation  from  this  mode  was  made 
by  placing  the  fires  in  front  of  the  retorts,  but  it  failed  entirely. 
The  bottom  retorts  were  soon  destroyed — the  action  of  Ihe 
flame  playing  on  the  ends  of  them  so  forcibly  as  literally  to 
reduce  them  into  a  stale  of  fusion,  when  the  fire  was  sucli  as 
to  keep  the  principal  part  of  Ihe  retort  at  a  bright  red  heat. 

Although  retorts  of  various  shapes  had  been  tried  at  dilferent 
establishments,  we  find  no  account  of  any  having  been  set,  save 
on  the  Hue  plan,  that  is,  by  the  fire  acting  under  the  retort,  and 
then  returning  over  it  on  its  way  lo  the  main  flue,  till  the  spring 
of  1817,  when  Mr.  Rackhouse  adopted  a  plan  for  heating  re- 
torts of  cylindrical  shape  set  in  ovens,  a  plan  since  known  to 
the  manufacturer  by  the  name  of  the  "  oven-plan."  His  first 
experiment  was  made  at  one  of  the  gas-light  establishments  in 
London,  by  healing  one  retort  in  an  oven.  He  next  set  two  in 
one  oven,  then  three,  and  afterwards  five;  and  cylindrical 
retorts  set  in  fives  on  the  oven-plan  are  now  by  far  Ihe  most 
general  mode  adopted  at  the  difierent  gas-light  establishments. 

Mr.  Malam's  plan  of  oven  retorts  at  the  Westminster  gas- 
works, perhaps,  excels  the  former.  Various  have  been  the 
alterations  made  by  dilTcrent  workmen  in  the  fire- work  to  the 
retorts  since  the  oven  plan  was  adopted,  but  liilhcrto  most 
have  failed  in  remedying  the  very  serious  evils  which  must 
arise  from  their  rapid  deslruclion.  Heretofore  a  retort  of  ih(. 
same  shape  and  dimensions,  when  constanlly  used  night  anr- 
day,  lasted  from  eight  to  ten  months  ;  but,  on  the  oven  plan, 
the  retort  seldom  remains  in  a  working  state  more  than  as 
nfany  weeks.  Indeed,  so  great  has  been  the  desire  of  making 
this  plan  answer,  that  it  has  been  tried  almost  under  every 
bearing;  and  whilst  some  altempls  have  promised  to  answer, 
others  from  which  much  had  been  expected  have  failed  so  far 
as  to  cause  the  retort  to  be  entirely  destroyed  in  three  or  four 
days. 

Whenever  coal  may  be  submitted  to  distillation  in  masses  of 
twelve  inches  diameter,  the  operation  will  be  very  tedious,  and 
eigually  imperfect ;  the  action  of  Ihe  red-hot  retort  upon  the 
outer  surface  of  the  coal  will  soon  decompose  il,  and  therefore 
Ihe  gas  in  Ihe  first  part  of  ihe  process  will  pass  over  very 
rapidly — but  then  it  acts  against  the  process  in  Ihe  interior 
part  of  the  cylinder  formed  by  the  coal  in  Ihe  inside  of  the 
retort ;  for  as  the  outer  surface  of  the  coal  is  formed  into  coke, 
it  becomes  a  coating  to  that  which  is  within  it.  and  through 
which  the  gas  must  pass  ere  it  can  exiricale  itself  from  the 
retort.  Whenever  such  is  Ihe  case,  carbonizalion  cannot  be 
carried  on  to  advantage,  nor  will  it  ever  answer  the  most  desir- 
able end.  The  great  object  which  Ihe  manufacturer  should 
ever  keep  in  view,  is  by  exposing  coal  lo  the  aclioii  of  licat  in 
thin  strata,  to  obtain  the  greatest  quantity  of  gas  in  the  least 
lime,  and  at  the  least  expense,  but  such  can  never  be  effected 
by  retorts  like  these. 
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Having  thus  glanced  cursorily  at  the  various  modes  which 
have  been  adopted  for  setting  cylindrical  retoits,  it  may  not  be 
improper  to  notice  the  rotatory  retorts  ol  Mr.  Clogg's  invention. 
In  doing  so,  we  are  to  observe  that  Mr.  Maiben,  of  Perth, 
invented  a  retort  for  distilling  coal  by  exposing  it  to  the  action 
of  heat  in  thin  strata.  From  his  experience  he  learnt  that  the 
gas  evolved  during  the  first  part  of  the  process  of  carboniza- 
tion was  of  too  aqueous  a  quality  to  be  fit  for  combustion,  and 
that  evolved  during  the  latter  part  thereof  was  so  strongly 
impregnated  with  sulphur  as  to  be  highly  objectionable.  The 
retorts  he  made  use  of  w  ere  of  a  square  shape,  and  of  a  size 
sufficient  to  carboni.-^e  twenty-five  pounds  of  coal,  when  spread 
in  a  layer  of  about  two  inches  deep.  The  coal  was  introduced 
into  the  retort  by  means  of  a  sheet-iron  box,  w  hich  was  charged 
and  slided  in  whenever  the  gas  was  extracted  from  the  former 
charge,  which,  under  such  management,  was  generally  accom- 
plished in  two  hours.  But  this  description  of  retort  being 
much  too  small  to  be  serviceable  in  large  establishments,  led 
Mr.  Clegg  to  construct  a  relort  of  sufficient  capacity  for  car- 
bonizing about  on^e  chaldron  of  coals  per  diem.  The  first  of 
them  which  was  ever  put  up,  (being  eight  feet  six  inches  in 
diameter,)  as  were  also  the  second  and  third,  (each  of  twelve 
feet  six  inches  diameter,)  were  worked  under  niy  observation. 
Each  of  these  retorts  contained  fifteen  boxes  wliich  slided  into 
the  retort,  upon  iron  arms,  as  described  in  the  specification 
of  the  patent.  Whilst  the  arms  could  be  kept  up,  they  were 
worked  without  much  difficulty.  The  coal  remained  in  the 
retort  six  hours,  but  was  only  one-third  of  that  time  exposed 
to  the  action  of  a  red  heat.  Five  boxes,  having  passed  that, 
waited  for  the  coal  iu  the  five  boxes  over  the  red  heat  being 
decomposed,  which,  on  beins  done,  the  retort  was  opened,  and 
those  five  boxes  which  had  passed  the  red  heat,  were  drawn, 
and  fresh  ones  introduced  upon  the  arms  they  had  occupied, 
which  process  brought  the  five  from  the  red  heat  to  the  situ- 
ation they  had  occupied,  to  wait  there  till  the  coal  in  the  next 
five  was  decomposed,  when  the  operation  of  change  was  again 
repeated;  so  that  the're  were  continually  five  boxes  lately 
introduced  into  the  relort,  waiting  to  be  brought  over  the  red 
heat,  five  over  the  red  heat,  and  five  others  ready  for  being 
withdrawn  from  the  retort.  Had  not  the  expense  of  erecting 
retorts  of  this  description  been  very  considerable,  and  the  wear 
and  tear  enormous,  they  would  doubtless  have  been  adopted 
in  that  establishment  where  they  were  first  tried  ;  but  both 
■were  so  much  against  them,  that  every  idea  of  using  them  was 
there  entirely  relinquished.  It  is  but  justice  to  state,  that 
those  retorts  produced  gas  at  the  rate  of  upwards  of  fifteen 
thousand  cubic  feet  per  chaldron  (twenty-seven  hundred  weight) 
of  coals ;  that  carbonization  was  carried  on  at  about  sixteen 
or  eighteen  per  cent. ;  that  the  increase  of  coke  on  coal,  car- 
bonized, was  at  the  rate  of  fifty  per  cent. ;  and,  that  the  process 
of  carbonizing,  under  those  circumstances,  was  accomplished 
in  about  six  hours. 

Mr.  Maihen's  retorts  were  much  too  small  for  extensive 
manufactories ;  the  rotatory  one  so  very  expensive,  that  it  was 
not  probable  either  would  be  brought  into  general  use.  To 
overcome  the  difficulties  arising  from  the  use  of  retorts,  Mr. 
Malam  proposed  that  elliptical  retorts  should  be  adopted, 
their  length  being  about  six  feet  six  inches,  their  transverse 
diameter  twenty  inches,  and  their  conjugate  diameter  ten 
inches.  From  retorts  of  such  shape  there  was  every  proba- 
bility that  the  results,  as  far  as  related  to  the  quantity  of  gas 
and  coke  obtained  from  a  chaldron  of  coals,  would  be  very 
similar  to  those  from  the  rotatory  retort ;  whilst  the  expense  of 
setting  them  was  but  little  more  than  would  have  been  incurred 
by  setting  an  equal  number  of  cylindrical  retorts,  and  not  near 
so  much  as  it  would  require  to  set  such  number  as  would  car- 
bonize equal  quantities  of  coals  in  equal  times.  The  elliptical 
retorts  had,  however,  one  great  advantage  over  the  cylindrical 
ones, — they  were  worked  ofl'  iu  half  the  time  ;  and  five  of  them 
in  action,  worked  with  one  bushel  and  a  half  of  coals  to  each, 
during  a  few  hours'  charge,  would  produce  as  much  gas  in  a 
day  as  ten  cylindrical  retorts  worked  at  eight  hours'  charges, 
with  two  bushels  to  each  retort  every  charge.  The  elliptical 
retorts  on  which  my  observations  were  made,  were  set  in  an 
oven  and  heated  by  one  fire. 
The  semicircular  retort,  from  its  form,  is  likely  to  answer 


the  manufacturer's  purpose,  if  set  with  judgment,  next  to  the 
rotatory  and  elliptical  ones  ;  that  is,  as  far  as  the  generation  of 
gas  and  the  production  of  coke  are  concerned;  but,  from  its 
shape,  its  durability  cannot  be  expected  to  be  equal  to  the 
latter.  The  action  of  the  fire  upon  the  lower  edges  will  very 
soon  destroy  it ;  for,  it  must  be  obvious,  to  any  one  at  all 
acquainted  with  fire-woik,  how  very  powerfully  the  flame 
strikes  upon  any  angular  points.  This,  in  the  elliptical  retort, 
is,  of  course,  done  away  with,  whilst  the  advantage  arising 
from  its  shape  is  retained. 

The  square,  or  parallelopipedal  retort,  is  twenty  inches  in 
breadth,  thirteeu  inches  high,  and  six  feet  long,  inside.  It  has  - 
a  rib  cast  along  the  middle,  on  the  inside  of  that  part  which  is, 
when  set,  the  bottom.  This  rib  rises  to  the  height  of  three 
inches,  but  does  not  approacli  nearer  to  the  mouth-piece  than 
about  eighteen  inches.  It  is  for  the  purpose  of  strengthening 
the  bottom  of  the  retort,  and  preveuliug  it  from  falling  out  of 
shape  ;  but,  when  we  consider  the  mode  in  which  square  retorts 
are  set,  it  will  not  appear  to  be  necessary.  These  retorts, 
when  set  six  in  one  bed,  and  that  number  heated  by  one  fire, 
are  placed  close  alongside  each  other.  The  fire-plaee,  being 
at  one  end  of  the  range,  is  so  contrived  as  to  admit  of  the  flue 
being  carried  under  the  whole  range  towards  their  mouths  ;  it 
is  then  brought  over  the  top  of  them,  and  again  under  and  over 
in  the  like  way,  previous  to  its  being  allowed  to  enter  into  the 
main  flue.  Under  this  arrangement,  square  retorts,  weighing 
about  thirteen  hundred  weight,  being  set  and  worked  at  six 
hours'  charges,  with  one  bushel  arid  a  half  of  coals  to  each  as 
one  charge,  at  such  a  heat  as  causes  ten  thousand  cubic  feet 
of  gas  to  be  generated  from  a  chaldron  of  Benicke  and  Cras- 
ter's  Wallseud  coal  (twenty-seven  hundred  weight),  are  found 
to  remain  serviceable  one  year.  The  carbonization  is,  when 
they  are  once  brought  to  a  working  state,  carried  on  at  about 
twenty-five  per  cent.;  but  they  require  to  be  fired  for  a  fort- 
night or  three  weeks  before  they  are  at  a  proper  temperature 
for  carrying  on  that  process. 

The  disadvantages  which  attend  the  use  of  those  retorts 
are,  first,  that  they  are  more  expensive  in  the  first  instance  than 
cylindrical  ones  :  secondly,  the  length  of  the  flue  passing  under 
and  over  them  being  extensive,  and  of  but  small  dimensions,  it 
frequently  becomes  choked  up,  and  requires,  for  clearing  it 
out,  various  openings.  When,  therefore,  it  is  found  necessary 
to  examine  those  flues,  it  generally  happens  that  the  heat  of 
the  retorts  is  very  considerably  decreased;  and  when  we  con- 
sider the  time  requisite  for  heating  them  in  the  first  instance, 
we  must  be  aware  that  such  a  diminution  cannot  be  overcome 
but  by  a  considerable  expense  of  fuel,  and  carrying  on  the 
process  very  unfavourably  and  imperfectly.  Lastly,  when  the 
relort  is  burnt  out,  the  cost  of  replacing  it  is  nearly  equal  to 
the  first  cost  of  setting ;  whilst,  in  using  cylindrical  ones,  a 
retort  is  generally  replaced  for  about  three-fifths  of  its  first 
cost. 

On  the  5th  of  August,  1817,  a  patent  was  obtained  by  John 
Perks,  for  an  arrangement  such  as  to  cause  thirteen  retorts, 
each  capable  of  carbonizing  a  bushel  and  a  half  of  coals  in  six 
hours,  to  be  heated  by  one  fire.  The  retorts  are  so  placed, 
that,  when  the  observer  stands  in  front  of  them,  twelve  of  the 
number  form  a  circle  round  the  thirteenth,  which  is  cylindrical, 
the  centre  thereof  occupying  the  position  of  the  common  centre 
of  the  surrounding  ones.  The  shape  of  these  retorts  will  behest 
understood  by  supposing  two  circles  struck  from  the  centre  of 
the  mouth-piece  of  the  thirteenth  retort;  the  inner  one  forming 
one  side  of  the  series  of  twelve,  and  the  outer  one  the  other. 
If,  then,  either  of  these  circles  be  divided  into  twelve  equal 
parts,  and  lines  drawn  from  the  inner  to  the  outer  circle, 
radiating  from  their  common  centre,  the  transverse  vertical 
section  of  them  will  be  exhibited.  It  is  evident,  that,  under 
this  arrangement,  they  form  a  complete  circle  of  large  diameter. 
The  mouth-pieces  are  formed  like  those  which  are  used  with 
the  square  retorts,  and,  of  course,  the  conducting  pipes  and 
pipes  leading  to  the  liydraulic  main,  arc  nearly  similar  to  those 
used  for  either  cylindrical  or  square  retorts.  The  fire-place  is 
in  front  of  these  retorts,  and  as  they  are  all  enclosed  in  a  circle 
of  brick-work,  which  is  divided  into  four  equal  parts  by  fire 
lumps  laid  horizontally,  and  so  brought  out  of  the  circle  as  to 
be  in  contact  w  ith  the  adjoining  retort ;  and  that  part  which  is 
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between  the  central  retort  and  the  others,  being  divided  in  a 
similar  way,  the  action  of  the  fire  is  under  three,  and  then, 
turning  over  their  ends,  it  comes  over  them  towards  their 
mouths,  where  it  finds  an  opening  leading  above  the  next 
three ;  and,  passing  their  ends  downwards,  it  is  brought 
towards  the  mouths  a  second  time,  and  so  on  in  like  manner, 
till  it  has  traversed  round  the  whole  series,  when  it  passes  into 
the  main  flue.  ,.    ,  .    ,  n 

Descrinlion  of  the  Method  of  setting  ttco  etjlindrieal  Retorts  on 
the  Flue  plan,  so  as  to  be  heated  by  one  Fire.—V\s-  1,  represents 
a  front  view  of  two  retorts  set  to        ^■"   '  '^"'-  2- 

one  fire  on  the  flue  plan.  In  it 
ihe  manner  in  which  the  conduct- 
ing pipes  are  connected  to  the 
retorts  is  exhibited :  these  lead 
to  the  hydraulic  main. 

Fig.  2,  is  a  vertical  section  of 
the  same  retorts,  supposed  to  be 
drawn  about  midway  of  their 
lengths.  In  (his  section  a  repre- 
sents the  end  of  that  part  of  the 
flue  leading  from  the  fire  under 
the  lower  retort,  which  rises  near 
the  mouth-piece  thereof  through 

the   openings   b  h,   and,    passing 

between  the  two  retorts,  rises  over  the  end  of  the  upper  one  ; 
and,  being  brought  over  the  top  of  it,  by  means  of  an  opening  c, 
about  nine  inches  from  the  mouth-piece,  enters  the  upper  flue, 
and  thence  passes  into  the  main  one.  ddd  are  end  sections 
of  the  fire  tiles ;  on 
the  two  lower  lines  of 
them  the  retorts  are 
supported,  and  the 
upper  one  forms  the 
base  of  the  top  flue. 

Fig.  3,  exhibits  a 
longitudinal  section 
of  these  retorts.  In 
it,  a  is  the  fire-place, 
6  a  section  of  the  fire- 
bars, and  c  the  ash- 
pit. The  direction 
taken  by  the  flue  is 
pointed  out  by  small 
arrows. 

Description  of  the  Method  of  setting  six  paralhlopipedal  Retorts, 
so  as  to  be  heated  bif  one  Fire. — Fig.  1,  represents  a  transverse 
section  of  parallelopjpedal  retorts,  in  which  six  are  heated  by 
one  fire.     These  retorts  are  twelve  inches  square  inside,  and 

Fiy.  1. 


Fig.  2. 


^'iOi'io:':^^^^^^ 
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»ix  feet  in  length.  The  fire-place  a  with  the  ash-pit  b  is  placed 
t  one  end  of  the  series,  but  so  as  when  the  observer  stands  in 
front  of  the  retorts  he  shall  be  in  front  of  the  fire-place  also. 
Under  this  arrangement,  the  retorts  1  and  G  heat  the  best,  and 
6  the  worst.  If  the  reader  compares  the  situation  of  the  flues, 
as  exhibited  in  fig.  2,  he  will  observe  that  there  are  four  which 
communicate  with  the  fire-place.  These  are  divided  by  lumps 
laid  edgewise  across  the  whole  scries  of  retorts,  forming  tlie 
flues  marked  dddd,  fig.  2.  This  range  of  flues  is  covered  by 
fire-tiles,  and  upon  them  the  retorts  are  placed  close  alongside 
of  each  other.  Over  the  top  of  the  retort  is  a  range  of  flues  e  e  f  e, 
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which  corresponds  w  ith 
the    lower    ones,    and 
these  are  covered  with 
fire-tiles  and  of  course 
with  fire-bricks.    Upon 
the    latter    is    a    third 
series  of  flues  of  about 
two-thirds  Ibc  depth  of 
the    former   ones,    and 
these  rise  by  the  open- 
ing /,   fig.  2,   into  the 
main    flue.     In    fig.  1, 
the    transverse    direc- 
tion   of    the     flues    is 
rtii  bv  Iht:  anows  leading  from  the  fire-place.     The  mouth- 
pieces of  these  retorts  are  circular,  as  shewn  upon  retort  6,  fig.  1, 
last  column.     Fig.  2  represents  a  longitudinal  section  of  these 
retorts,  in  which  the  flues  and  action  of  the  fire  have  already  been 
described.     A  is  the  retort,  a  the  fire-place,  b  the  ash-pit,  and  c 
the  fire-bars. 

Description  of  the  Method  of  setting  five  eylmdrtcal  Retorts  xn 
one  Oven  heatid  by  three  Fires,  uilh  Sections  of  the  hydraulic 
Main  and  Dip-Pipes,  as  exhibited  in  the  Plate  of  Gas  Light  Re- 
torts.— Fig.  1  represents  a  front  view  of  the  retorts  .\  A  A  A  A, 
as  set  and  in  a  finished  state.     In  it  the  two  upper  retorts  are 
shewn  without  the  lids  of  their  respective  mouth-pieces  :  the 
two  outer  lower  ones  with  the  lids  on,  but  without  their  being 
secured  by  the  cross-piece  shewn  upon  the  middle  one.     The 
bed  of  these  retorts  is  supported   by   an  arch  of  brick-work, 
marked   B  15.     It  is   brought  so   far  forward  as  to  allow  room 
enough  for  the  stokers  to  charge  and  draw  the  retorts,  and  for 
a  suflicicnt  quantity  of  coals  to  be  kept  for  supplying  two  or 
three  charges,  with  fuel  for  present  use,  luting,  tools,  &c.    Im- 
mediately in  front  of  the  retorts  is  introduced,  instead  of  part 
of  the  key-stone  for  the  arch,  a  casl-iron  frame  of  about  three 
feet  and  a  half  long,  and   two  feet   broad  at  the  top,  with  au 
iron  door  fitted  to  it.     The  bottom  of  the  frame  is  struck  to  the 
radius  of  the  arch,  and  of  course  the  sides  taper  inwards  in 
proportion   to   that  radius.     The   situation   of  the  opening  is 
expressed   at  C.     This  opening  is  for  the  purpose  of  allowing 
thtf  red-hot  coke  when  drawn  fioin  the  retort  to  fall  into  the 
archway  at  I),    a  a  a,  the  doors  of  the  fire-places,  i  ii  the  doors 
of  the  ash-pits.     These  doors  arc  furnished  «illi  three  perpen- 
dicular slits  of  about  two-thirds  their  length  and  five-eighths  of 
an  inch  in  diameter,  for  allowing  a  current  of  air  to  pass  to  the 
fires.     The   dimensions    of   these   .slits   can    be   decreased  by 
another  piece,  made  with  openings  to  correspond,  which  slides 
horizdiilally  in  grooves  in  a  line  with  them,  so  as  to   regulate 
the  admission  of  air  to  such   a  degree  as  the  operator  may 
desire,     ccccc  are  the  conducting  pipes  which  convey  the  gas 
as  It  is  evolved   from  the  retorts  towards  the  hydraulic  main. 
ddddd  front  sections  of  the  H  pipes,    ceeee.  front  sections  of 
the  dip-pipes,  with   the  saddles  through  which  they  are  bolted 
to  the  hydraulic  main.     E  the  hydraulic  main,  F  the  main  pipe 
for  conveying  the  gaseous  and  other  products  evolved  towards 
their  respective  reservoirs.     G  G  G  G  cast-iron  columns  fitted 
with  crutches  at  the  tops  of  the  upper  ones  for  supporting  the 
hydraulic  main. 

Fig.  2  is  a  section  of  the  same  retorts,  which  supposes  them 
to  be  cut  through  from  the  top  to  the  bottom  about  the  middle. 
In  this  section,  the  hydraulic  main,  dip,  and  conducting  pipes, 
are  not  shewn.  A  A  A  .V  A  the  retorts,  aaaaaa,  such  part 
of  the  arch  forming  the  oven  and  brick-work  contiguous  to  the 
fire-places,  all  of  which  require  to  he  constructed  of  Welsh  fire 
and  arch  bricks.  The  ciown  of  the  oven  is  flattened  by  means 
of  Welsh  fire-tiles  as  at  b.  At  the  extreme  end  of  the  oven  are 
two  openings,  which  lead  into  the  two  small  flues  or.  These 
flues  pass  above  the  top  of  the  oven  low  ards  ihe  front  of  the 
retort,  and  then  each  turns  towards  the  centre  flue  d,  which 
having  entered,  that  one  leads  towards  the  main  flue  H,  which 
it  enters  through  the  opening  e.  fff  are  the  fire-places,  and 
qqy  the  ash-pits,  hhh  are  fire-lumps  placed  beneath  the 
"lowermost  retorts,  for  protecting  tlicm  from  the  action  of  the 
fire.  The  two  upper  retorts  are  supported  near  their  middle 
by  wrought-iron  belts,  which  are  brought  through  the  upper 
part  of  the  oven,  and  passing  through  a  cast-iroo  bearing  bar 
5a 
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placed  above  it,  are  secured,  by  means  of  nuts,  in  the  situ- 
ation wanted.  When  the  oven-plan  was  first  introduced,  tlie 
retorts  were  supported  by  cast-iron  props  bedded  in  the  brick- 
work, crutch-shaped  at  the  top,  and  rising  to  a  proper  heijilit 
to  receive  them.  They  are  not  now  used,  and  therefore  not 
shewn  in  the  plate. 

Fis-  3>  is  a  longitudinal  section  of  cylindrical  retorts  set  on 
the  oven  plan.  A  A  are  the  retorts,  the  month-piece  of  the 
lower  one  being  secured  by  the  lid  and  cross  piece  ,  the  upper 
one  is  shewn  without  the  lid.  /is  tlic  fire-place,  with  the  posi- 
tion of  the  grate-bars.  (?  is  the  ash-pit.  The  action  of  the  fire 
is  the  same  in  this  section  as  has  been  already  described  by  fig. 
2 :  the  flame  having  exerted  its  force  in  the  oven,  rises  by  the 
opening  shewn  at  the  extreme  end  of  the  retorts,  and  passes 
along  tlie  flue  towards  their  mouths  till  it  comes  to  d,  when  it 
enters  the  middle  Hue  lying  parallel  to  the  flue  c ;  that  leads 
into  the  rising  part  e,  and  thence  into  the  main  flue  H.  A  is 
the  conducting-pipe  which  conveys  the  gaseous  and  other  pro- 
ducts from  the  retorts  to  the  H  pipe  i,  and  that  carries  them 
into  the  dip-pipe  A,  wliicli  enters  into  the  h3draulic  main  E. 
In  this  section  of  the  hydraulic  main,  the  fluid  by  which  the 
dip-pipe  is  sealed  is  shewn  as  at  /,  through  which  the  gas 
bubbles  up  as  it  is  evolved,  and  passes  along  the  upper  part  of 
the  hydraulic  main  towards  the  main  pipe  F  (as  shewn  in  fig.  1) 
on  its  way  to  the  condenser.  The  hydraulic  main  is  supported 
in  this  section  in  a  similar  way  to  what  was  sliev\n  in  fig.  1  ; 
but  instead  of  a  brick  arch  for  supporting  the  floor  in  front,  m 
is  one  of  a  range  of  beams  for  supporting  a  cast-iron  floor,  n 
is  the  opening  for  allowing  the  coke  when  drawn  from  the 
retorts  to  fall  on  the  floor  o.  This  opening  is  covered  by  an 
iron  door,  whifih  is  closed  at  all  times,  save  when  the  retorts 
are  drawing. 

Description  of  Mr.  John  Malam's  Method  of  setting  Five  of  his 
Elliptical  Retorts  in  one  Oven  heated  bi/  three  Fires,  with  Sec- 
tions of  the  Hi/draulic  Main  and  Dip-Pipe,  as  exhibited  in  the 
Plate  of  Gas  Light  Retorts,  Figs.  4,  5,  and  6. — Fig.  4  repre- 
sents a  front  view  of  the  retorts,  as  set  and  in  a  finished  state. 
The  arrangement  of  the  retorts,  hydraulic  main,  dip  and  H 
pipes,  being  nearly  similar  to  that  described  above,  a  repetition 
of  description  is  not  necessary  here:  we  shall,  therefore,  only 
describe  such  parts  as  difl'er  from  the  former  mode  of  setting. 
In  front  of  these  retorts  is  a  cast-iron  plate  A  A  A  A,  against 
which  the  flanch  of  the  retort  rests.  At  each  corner  of  this 
plate  is  a  hole  for  receiving  a  bolt.  This  passes  through  the 
brick-work  to  the  back  of  the  retorts,  which  is  supported  by  a 
plate  of  similar  dimensions  to  that  in  front,  cast  with  openings 
opposite  the  end  of  each  of  the  retorts.  These  openings  are 
secured  by  plugs,  which  are  removed  when  it  is  requisite  to 
replace  a  retort  that  may  be  worn  out.  In  it  are  also  openings 
for  the  sights.  The  bolts  stated  to  pass  through  the  front  plate 
pass  through  this  also,  and  both  are  secured  together  by  screw- 
ing up  their  respective  nuts.  Under  this  arrangement,  it  is 
not  necessary  to  disturb  any  of  the  brick-work,  when,  from  a 
retort  becoming  ineflective,  it  requires  replacing.  The  fires 
for  healing  these  retorts  are  placed  at  their  back. 

Fig.  5,  is  a  section  of  the  same  retorts,  which  supposes  them 
to  be  cut  through  from  the  top  to  the  bottom  about  the  middle. 
aa  are  fire-lumps  placed  edgeuisc  so  as  lo  divide  the  distance 
between  the  exterior  lumps  bb  into  three  cijual  parts  corre- 
•sponding  with  the  fire-pl-aces.  ccc  are  the  ends  of  the  arches 
over  the  respective  fire-places  as  they  meet  the  dividing  lumps 
aa.  ddd  are  three  fire-tiles  resting  upon  the  lumps  b  a  a  b ; 
these  tiles  form  a  bridge  from  one  side  of  the  oven  to  the  other. 
eefee  is  a  section  of  the  oven,  the  rising  part  on  each  side 
marked  ee  being  constructed  of  Stourbridge  arch  bricks,  and 
the  flattened  part  /  of  Welsh  lumps  or  fire-tiles,  (/g  are 
sections  of  the  two  horizontal  flues  which   rise  near  the  mouth 

f  the  retort,  and  pass  towards  the  main  flue. 
Fig.  6  is  a  longitudinal  section  of  elliptical  retorts  set  on 
Malam's  plan.  A  A  are  the  retorts.  6  is  the  fire-plaec.  c  is  a 
section  of  the  grate  bar.  The  lower  edge  of  this  bar  is  cham- 
fered oft'  and  of  a  circular  form.  It  is  of  suflicient  depth  to 
allow  the  action  of  the  cool  air  through  the  ash-pit  to  have  full 
effect  upon  it,  thus  preventing  the  very  rapid  destruction  which 
generally  attends  cast-iron  grate  bars,  /is  tiie  asli-pit.  a  is 
a  section  of  the  lump  for  dividing  the  flames  from  the  diflcrcnt 


fire-places,  d  is  a  section  of  the  tiles  which  form  the  bridge. 
The  flame  acting  under  the  arch  c,  as  expressed  in  this  and  the 
former  figure,  passes  between  the  dividing  lumps  under  the 
range  of  tiles  d,  and  there  divides  itself  in  the  direction  of  the 
two  arrows,  by  this  means  causing  the  heat  to  act  uniformly  in 
the  oven.  The  opening  flue  is  expressed  at  </ — it  passes  along 
h,  and  rises  at  i,  preparatory  to  entering  the  main  flue.  These 
retorts  are  cast  with  a  cylindrical  projecting  end,  which  is 
received  into  the  brick-work:  they  are  also  supported  by  cast- 
iron  props  (bedded  in  the  brick-work  beneath  them)  crutch- 
shaped  at  the  top.  The  section  of  the  hydraulic  main,  dip,  and 
H  pipe,  as  also  of  the  floor,  is  the  same  as  shewn  in  the  sec- 
tion of  cylindrical  retorts  set  on  the  oven  plan,  page  366,  to 
the  description  of  which  our  readers  are  referred. 

The  annexed  figure,  is  a  transverse 
section  of  the  couplings  which  sur- 
round the  retort  when  it  is  set.  The 
face  of  the  couplings  is  brought  close 
up  to  the  flanch  of  the  retort.  In  the 
following  figure,  ««  is  a  longitudinal 
section  of  the  couplings,  they  are 
wedge-shaped.  A  is  a  section  of  pail 
of  the  retort,  bb  the  iron  plate  in  front  of  the  oven,  cast  with 
flanches  verging  inwards  so  as  to  fit  to  the  couplings  when 
brought  to  their  places  by  the  flanch  of 
the  retort  coming  close  to  the  plate. 
cc  part  of  the  brick-work  in  front  of 
the  oven,  so  angled  ofl'  as  to  allow  the 
heat  to  approach  as  near  the  mouth- 
piece as  the  couplings  nill  permit. 
When  this  plan  is  adopted,  it  is  evi- 
dent that,  by  introducing  the  couplings 
nearly  to  their  places,  and  bedding 
them  in  cement,  the  bringing  of  the 
retort  to  its  situation  in  the  oven  will 
force  them  up,  and  form  a  complete 
joint  round  it.  On  the  contrary,  when 
a  reto'l  becomes  defective  by  displac- 
ing the  plug  opposite  to  the  end,  and 
bringing  a  purchase  upon  that  end  by  means  of  an  iron 
bar,  (the  joint  between  the  mouth-piece  and  gas  conducting 
pipe  being  lirst  broken)  it  will  be  forced  out  of  the  situation  it 
liad  occupied,  and  loosen  the  couplings.  When  the  retort  has 
been  moved  about  a  foot,  tiiey  may  be  taken  away,  thus  leav- 
ing sufTicipiit  room  for  the  retort  to  pass  :  it  may  be  drawn  out 
by  a  pui chase  made  fast  to  an  eye-bolt  in  the  wall  opposite 
thereto,  and  a  new  one  introduced  into  its  place,  the  whole 
operation  being  performed  in  two  or  three  hours. 

Mr.  Pechston's  Table,  exhibiting  at  one  Vietc  the  Advantages  and 
Disadvantages  uhich  arise  to  the  Mnnifacturer  from  the  Use  of 
different  Kinds  of  Retorts  variously  worked. 
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In  the  first  column   of  the  foregoing  taldc,  from  A  is  to  be 
understood  that  the  results  expressed  in  a  line  with  that  Utter 
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arise  from  the  use  of  cjliiidiical  retorts  of  the  dimensioDS,  &c. 
as  hereafter  mentioned,  that  is  to  say, — Dimensions,  GJ  feet 
long,  1  foot  (liatiieter  inside  ;  weight,  10  cwt.  2  qrs. ;  price, 
per  ton,  £12;  first  cost  of  scttin;?,  includin°:  retorts,  brick- 
work, labour,  hydraulic  main,  and  connexions,  with  coke 
hearth,  complete,  £23  ;  cost  of  replacing  one  that  may  be  worn 
out,  £15. 

Those  marked  B  in  the  first  column  are  of  the  same  dimen- 
sions, price,  and  weight. 

Those  marked  C  are  elliptical,  and  of  the  following  dimen- 
sions, &c. : — Lenfttli  6.^  feet ;  transverse  diameter  inside,  20 
inches;  conjugate  diameter  inside,  10  inches^  weight,  13  cwt. 
2  qrs.  ;  price,  per  ton,  £13;  first  cost  of  setting,  including 
retorts,  brick-work,  labour,  hydraulic  main,  and  connexions, 
with  coke  hearth,  complete,  £23;  cost  of  re-setting,  when  the 
oven  in  which  they  are  placed  requires  to  be  rebuilt,  £18. 

Those  marked  D  are  parallelopipedal  sliaped,  and  of  the  fol- 
lowing dimensions,  &,c. : — Length,  6  feet ;  breadth  inside,  20 
inches;  depth  inside,  13  inches;  weight,  cwt.  13;  price,  per 
ton,  £12;  first  cost  of  setting,  including  retorts,  brick-work, 
labour,  hydraulic  main,  and  connexions,  with  coke  hearth, 
complete,  £21 ;  cost  of  re-setting,  £18. 

The  letter  a  in  the  last  column  of  the  table,  implies  that  the 
results  opposite  thereto  are  from  retorts  set  on  the  flue  plan, 
two  being  heated  by  one  (ire  at  the  back  of  the  retorts.  The 
letter  h  in  the  same  column, — retorts  set  on  the  flue  plan,  three 
being  heated  by  one  fire  in  front  of  them.  The  letter  c, — retorts 
set  on  the  flue  plan,  and  four  being  heated  by  one  fire  at  the 
side  opposite  to  tlieir  mouths.  The  letter  rf, — retorts  set  on 
the  oven  plan,  five  being  heated  by  three  fires  inmicdiately 
beneath  the  front  of  them.  The  letter  e  implies  that  llie  retorts 
are  elliptical  and  set  on  Malani's  plan,  five  being  heated  by 
three  fires  at  the  back  of  them.  The  letter/ relates  to  parallelo- 
pipedal retorts,  twelve  being  set  in  one  bed  and  heated  by 
two  fires;  the  flues  passing  under  and  over  six  retorts  from 
each  fire. 

When  cylindrical  retorts  are  set  two  to  one  fire,  so  as  to 
produce,  when  worked  at  a  bright  red  heat,  in  the  proportion  of 
10,000  cubic  feet  of  gas  to  a  chaldron  ;  if  the  temperature  he 
decreased,  they  will  not  produce  much  more  than  8000  cubic 
feet  to  the  chaldron  ;  but  their  durability  will  be  extended  to 
twelve  months;  and  such  decrease  of  temperature  under  any 
of  the  arrangements  exhibited  in  the  foregoing  Table,  when 
working  cylindrical  retorts,  will  cause  a  proportionate  decrease 
in  the  quantity  of  gas  generated,  and  an  increased  durability 
to  the  distillatory  vessel. 

Whilst  cylindrical  retorts,  worked  at  a  low  temperature,  are 
producing  but  80(X)  cubic  feet  of  gas  from  a  chaldron  of  coals 
in  eight  hours,  the  rotatory  retorts  would  in  six  hours  produce 
from  15  to  16,000  cubic  feet  of  gas  from  the  same  quantity  of 
coal;  and  the  elliptical  retort  from  14  to  15,000  in  four  hours. 

When  cylindrical  retorts  are  set  on  the  flue  plan,  and  four 
healed  by  one  fire  at  the  back,  should  they  be  fitted  with  Mr. 
Peckston's  apparatus  for  removing  a  defective  one,  they  would 
always  work  eight  hours'  charges  of  two  bushels  to  each  retort  at 
26per  cent.,  producing  10.000  cubic  feet  of  gas  to  the  chaldron  ; 
and,  when  worn  out,  might  be  replaced  for  about  seven  pounds 
each. 

Carbonization. — Were  it  requisite  to  go  into  calculation  upon 
the  difl'erent  modes  of  woiking  the  retorts,  taking  the  results  of 
experiments  made  at  dillercnl  times  and  under  various  circum- 
stances as  data,  it  might  be  most  clearly  proved  bow  much  in 
all  cases  the  longer  process  excels  the  sliorter.  In  order,  in 
some  measure,  further  to  elucidate  this  point,  to  observe,  that 
whenever  pit  coal  is  to  be  submitted  to  the  process  of  distilla- 
tion, the  time  for  the  process  cannot  be  shortened  to  less  than 
eight  hours,  unless  we  have  the  means  of  exposing  the  coal  to 
the  action  of  heat  in  thin  strata,— say  four  inches  ;  and  when 
coal  is  so  exposed  in  cylindrical  retorts,  that  retort  which, 
when  worked  at  the  eight  hours'  process,  is  capable  of  carbon- 
izing two  bushels  of  coal,  would  only  carbonize  about  three- 
fifths  of  a  bushel.  The  segment  of  a  circle,  whose  altitude  is 
four  inches,  and  chord  eleven  inches  and  a  quarter,  bearing 
such  proportion  to  the  capacity  of  the  retort,  the  diatneter  of 
which  is  about  twelve  inches.  We  are  told  by  those  who  have 
tJie  management  of  carbonizing  in  diUercnt  manufactories,  that 


when  the  six  hours'  process  is  adopted,  the  charge  is  from  a 
bushel  and  a  quarter  to  a  bushel  and  a  half.  In  such  case, 
the  mass  of  coal  is  by  no  means  suflicienlly  diminished  so  as  to 
cause  the  process  to  be  performed  v»ith  advantage.  When  the 
retort  is  so  charged  and  worked,  the  heat  verging  from  all 
directions  towards  the  centre,  will  meet  with  nearly  the  sam* 
obstacles  to  prevent  the  extrication  of  the  gas,  as  if  it  had  been 
fully  charged. 

With  respect  to  these  shorter  charges  when  worked  ofl' by 
cylindrical  retorts  set  on  the  oven  plan,  the  same  arguments 
which  have  been  already  advanced  will  hold  good  in  favour  of 
the  eight  hours'  process,  but  with  considerably  more  weight, 
inasmuch  as  the  wear  and  tear  of  the  retort  will  be  proper- 
tionably  greater.  We  may,  therefore,  from  what  has  been  said, 
draw  this  conclusion,  namely,  that  whenever  cylindrical  retorts 
are  used,  let  the  mode  of  setting  be  what  it  may,  the  operator 
ought  never  to  work  oil'  his  charge  in  less  than  eight  hours,  and 
that  with  such  heat  as  would  produce  from  one  chaldron  of 
Newcastle  coal  (twenty-seven  hundred  weight)  the  average 
quantity  of  ten  thousand  cubic  feet  of  gas. 

When  semicircular  or  elliptical  retorts  arc  used,  either  will 
admit  of  (he  charge  being  worked  olf  in  much  less  time  than 
can  be  effected  with  cylindrical  ones.  For.  in  using  the  first, 
it  would  be  advisable  to  introduce  the  coal  into  the  retorts  by 
means  of  sheet-iron  trays  nearly  of  their  length  and  breadth, 
and  about  four  or  five  inches  deep.  By  having  two  sets  of 
trays  for  the  retorts  in  action,  the  time  usually  lost  in  charging 
would  be  greatly  decreased,  as  would  also  the  stoker's  labour. 
By  the  mode  most  generally  practised,  the  raking  (he  ignited 
coke  out  of  the  retort  is  not  only  very  laborious,  but  also  at- 
tended with  much  loss  of  time, — both  which  would  be  avoided  by 
the  mode  suggested  ;  for  by  using  the  trays,  the  spare  ones  might 
be  charged  with  the  proper  quantity  of  coal  preparatory  to  the 
time  for  drawing,  and  by  that  means  almost  the  only  time 
occupied  in  the  operation  would  be  that  required  for  breaking 
the  joints  of  the  mouth-pieces,  and  making  them  good  again. 

Carbonization,  when  carried  on  by  means  of  semicircular 
retorts,  if  properly  set,  has  a  decided  preference  over  cylindri- 
cal ones  ; — for,  as  the  great  art  of  making  gas  to  advantage, 
depends  upon  exposing  coal  to  the  action  of  heat  in  thin  strata, 
such  kind  of  retorts  are  particidarly  adapted  to  the  purpose. 
They  have,  however,  one  disadvantage,  vOiich  has  not  passed 
unnoticed.  The  action  of  the  flame  upon  the  angles  at  their 
base,  tends  towards  destroying  them  with  considerable  rapi- 
dity. To  guard  against  such  desltuction,  the  angular  part  has 
been  rounded  ofl'  so  as  to  present  an  arc  of  a  circle  to  the  fire, 
instead  of  an  acute  angle,  and  such  alteration  was  doubtless 
for  the  better.  Were  such  retorts  set  on  the  plan  of  an  air- 
furnace,  iit  which  every  part  of  them  roiild  be  regularly  heated, 
without  directing  the  heat  more  forcibly  against  one  particular 
part  than  another,  they  could  hardly  fail  of  answering  a  very 
desirable  end  to  the  manufacturer  of  coal-gas.  From  (he 
numerous  experiments  made  on  the  distilla(ory  process,  on 
the  plan  of  submitting  the  coal  thereto  in  thin  strata,  it  can 
hardly  be  doubted  but  retorts  of  this  description,  if  set  with 
jud!;inent,  would  reninin  serviceable  from  six  to  eight  months, 
being  charged  every  four  hours,  night  and  day,  with  two 
busliels  of  coal  each,  and  worked  at  such  heat  as  to  produce 
from  a  ehahlron  of  coals  the  average  quantity  of  thirteen  thou- 
sand cubic  feet  of  gas,  with  an  increase  of  coke,  (particularly 
adapted  for  parlour  fires,  as  well  as  culinary  purposes,)  of  40 
per  cent,  upon  the  quantity  of  coal  carbonized  ;  consequently, 
that  five  retorts  of  this  description  would  produce  as  much  gas 
during  the  space  of  twenty-four  hours  as  would  require  twelve 
cylindrical  retorts  to  be  worked  at  eight  hours'  charges  with 
two  bushels  of  coals  to  every  charge,  or  sixteen  ejlindricnl 
retorts  worked  the  same  time  with  a  bushel  and  a  half  of  coals 
to  each  retort  for  one  charge. 

As  what  has  been  said  on  the  subject  of  carbonization  when 
carried  on  by  means  of  semicircular  retorts,  is  in  almost  all 
respects  applicable  tin  reto  when  square  retorts  arc  used,  it 
tlierefore  will  not  be  necessary  to  take  up  the  reader's  time  by 
speaking  of  it  here. 

The  next  mode  of  carrying  on  the  process  of  carbonization  is 
b>  means  of  elliptical  retorts,  for  which  purpose  it  would  be 
diflicult  to  find  a  better.     The  elliptical   retort  combines  in  it 


-•3d8 


GAS 


DICTIONARY    OF    MECHANICAI-    SCIENCE. 


GAS 


the  durability  of  the  cylindrical  one,  with  the  advantages 
obtained  by  exposing  the  coal  thinly  to  the  action  of  heat  upon 
a  large  surface,  and  therefore,  when  it  is  used,  the  process  will 
be  accomplished  in  about  four  hours.  Upon  retorts  of  this 
description  I  have  had  opportunities  of  making  observations, 
the  result  of  which  leads  me  to  pronounce  such  well  adapted 
for  promoting  the  interests  of  the  manufacturer.  Five  ellip- 
tical retorts  are  capable  of  carbonizing  forty-five  bushels  of 
coal  per  diem,  and  of  generating  from  that  quantity  of  coal 
about  seventeen  thousand  cubic  feet  of  gas,  or  at  the  rate  of 
fourteen  thousand  cubic  feet  per  chaldron.  From  one  chaldron 
of  coal,  wlien  elliptical  retorts  arc  used,  will  be  produced  a 
chaldron  and  a  half  of  saleable  coke.  The  elliptical  retorts  on 
which  my  observations  were  made,  were  set  five  to  one  fire, 
and  so  well  was  the  heat  disposed  of,  that  from  one  end  to  the 
other  they  remained,  whilst  in  action,  at  a  bright  cherry  red- 
ness ;  being  kept  so  night  and  day  for  more  than  ninety  days, 
they  were  not  much  injured, — from  their  appearance,  there 
could  be  little  doubt  but  they  would  remain  serviceable  nearly 
twelve  months.  They  were  charged  and  drawn  in  the  usual 
way  ;  but  notwithstanding  the  charging  and  drawing  was  more 
frequent,  the  stokers  found  it  more  easy  to  work  them  than  a 
like  number  of  cylindrical  retorts.  Their  shape  allowed  room 
to  rake  out  the  coke  more  rapidly  than  could  be  done  from 
those  of  a  cylindrical  form,  and  the  coke  not  being  so  compact 
when  produced  in  the  elliptical  retort,  required  considerably 
less  labour  to  clear  it  from  thence.  It  would  be  no  exaggera- 
tion to  state  the  results  arising  from  the  use  of  these  retorts, 
to  bear  similar  proportions  of  advantage  over  the  cylindrical 
ones,  to  those  stated  when  speaking  above  of  semicircular- 
.shaped  retorts. 

The  annual  expense  of  cylindrical  retorts,  when  worked  at 
eight  hours'  charges,  together  with  the  wear  and  tear  of  grate- 
bars,  is  stated  to  be  £2360,  when  worked  to  produce  44,598,684 
cubic  feet  of  gas.  When  elliptical  retorts  are  used,  one  retort 
will  remain  in  a  sound  working  state  about  twelve  months;  if, 
therefore,  we  calculate  the  expense  of  elliptical  retorts,  with 
their  appendages,  for  one  year,  and  compare  the  various  results 
together,  we  shall  find  how  far  they  are  advantageous: — 

By  using  elliptical  retorts,  worked  at  the  four-hours'  pro- 
<:ess,  it  would  require  about  forty  retorts  to  be  kept  constantly 
at  work  to  produce  857,667  cubic  feet  of  gas  per  week, — such 
retorts  so  worked  would  remain  serviceable  twelve  months, 
consequently  there  would  be  but  forty  burnt  out  in  a  year, — 
the  cost  of  replacing  each  being  £18,  amounts  to  . . .  .£720  0  0 
Wear  and  tear  of  grate-bars, CO  0  0 


£780  0  0 


Expense  of  cylindrical  retorts,  &c.  for  one  year,  when  worked 
at  the  eight-hours'  process,  so  as  to  obtain  44,598,684  cubic 

feet  of  gas,  is £2360  0  0 

Elliptical  retorts  as  above 780  0  0 

Balance  in  favour  of  the  elliptical  retorts, £1580  0  0 

Annual  balance  in  favour  of  working  elliptical  retorts  as 
above  described,  over  cylindrical  ones  at  eight  hours'  charges, 
as  far  as  relates  to  coals,  products,  and  labour,  ...  .£1135  1  Sj 

Ditto,  as  far  as  relates  to  the  wear  and  tear  of 

retorts,  grate-bars,  &c 1580  0  0 

The  sum ,,..£2715  1  3J 

is  the  total  annual  balance. 

The  annual  balance  in  favour  of  working  cylindrical  retorts 
at  eight  hours'  charges  over  charges  of  six  hours,  when 
required  to  generate  by  cither,  44,598,664  cubic  feet  of  gas  in  a 

year,  was  stated  to  be £5511   16  10 

Therefore,  if  to  this  we  add  the  balance  as 

above  in  favour  of  elliptical  retorts, 2715    8    31 

we  have £8226  18    IJ 

saved  in  one  year  by  using  elliptical  retorts,  in  preference  to 
carbonizing  with  cylindrical  ones,  let  them  be  set  as  they  may, 
if  worked  at  six-hours'  charges,  with  a  bushel  and  a  half  of 
coals  to  each  as  an  average  charge. 


Hiidruulic  Mains  and  Dip  Pipes. — By  the  term  "  Hydraulic 
Main,"  as  used  in  the  gas-light  establishments,  is  understood 
that  cast-iron  pipe  which  is  supported  by  columns  in  front  of 
the  brick  work  enclosing  the  retorts.  It  is  so  situated,  as  to 
lie  parallel  to  the  top  of  that  brick  »  ork,  at  a  distance  of  from 
twenty  inches  to  two  feet  from  it.  Its  use  is  to  receive  the 
"  Dip  Pipes,"  through  which  the  gas,  as  it  is  evolved  from  the 
retort,  passes,  together  with  the  other  products,  on  its  way  to 
the  condensing  main,  or  to  the  vessel  employed  foi  condensa- 
tion, as  the  case  may  be.  The  diameter  of  the  hydraulic  main 
is  various  in  different  establishments  ;  in  some  it  is  ten  inches, 
in  others  twelve  or  fourteen.  In  works  where  not  more  than 
from  forty  to  sixty  cylindrical  retorts,  six  feet  and  a  half  long, 
and  one  in  diameter,  are  set  in  one  retort-house,  a  diameter  of 
twelve  inches  will  be  sufficient.  It  is  generally  constructed  of 
llanch  pipes,  in  lengths  of  nine  feet  each.  One  end  of  it  is 
closed  by  a  blank  llanch  so  as  to  be  perfectly  air-tight,  tl. 
other  has  a  semifianch  placed  across  it,  of  sufficient  height  to 
prevent  the  liquid  introduced  into  the  main  from  sinking  below 
a  certain  level  ; — it  is  of  advantage,  that  similar  semiflanches 
be  placed  between  every  length  of  pipe  forming  the  hydraulic 
main.  These  ilanches  should  rise  two  inches  and  a  half  above 
the  line  of  the  bottom  of  the  dip-pipes;  by  such  means,  the 
gas,  as  it  is  discharged  from  the  retort,  will  always  have  to  pass 
through  such  depth  of  fluid,  before  it  can  enter  into  the  hydrau. 
lie  main. 

The  use  of  the  hydraulic  main,  as  has  been  already  stated, 
being  for  receiving  the  dip-pipes,  we  are  to  consider  what  end 
they  may  be  intended  to  answer. 

A  section  of  the  hydraulic  main,  with  the  most  approved 
dip-pipe,  is  given  in  the  Plate,  fig.  2.  The  dip-pipe  is  about 
two  feet  in  length,  and  three  inches  diameter  inside  ;  at  the  top 
is  a  socket  for  receiving  another  pipe  of  the  same  diameter. 
At  about  eight  inches  from  the  spicket-end  of  the  dip-pipe  is  a 
circular  saddle  of  about  nine  inches  diameter,  cast  to  the  radius 
of  the  exterior  .surface  of  the  hydraulic  main.  This  main  being 
tapped  for  the  reception  of  such  a  number  of  dip-pipes  as  there 
are  retorts  to  work  into  it,  they  are  jointed  upon  it  by  means 
of  iron  cement  in  the  usual  way  ;  when  that  is  done,  it  is  evi- 
dent that  the  range  of  the  spicket-end  of  these  pipes  will  equally 
descend,  and  of  course,  supposing  the  hydraulic  main  to  be 
placed  perfectly  level,  which  it  always  ought  to  be,  should  one 
of  them  be  immersed  two  inches  and  a  half  in  any  liquid  that 
it  may  contain,  each  one  of  the  range  will  be  so. 

Now,  when  it  is  considered,  that  if  there  were  not  some  con- 
trivance for  preventing  the  gas  returning  from  the  main  pipes 
towards  the  retorts,  when  the  mouth-pieces  are  removed  in  the 
operation  of  drawing,  either  by  stop-cocks  on  each  of  the  "  gas 
conductors,"  or  other  means,  the  process  would  not  only  be 
very  wasteful,  but  extremely  hazardous  ;  for,  as  the  gas  would 
be  passing  over  by  means  of  the  conducting  pipes  to  the 
hydraulic  main,  in  a  range  of  sixty  retorts,  from  fifty-two  of 
them,  whilst  eight  were  drawing,  it  would  follow  that  the  whole 
quantity  of  gas  then  generating  would  escape  at  the  mouths  of 
the  retorts  that  had  their  lids  taken  oflf,  and  burst  forth  with 
such  a  flame  as  no  one  could  come  near ;  if  not  attended  with 
still  more  serious  consequences  by  the  admission  of  atmosphe- 
ric air,  which  might  cause  the  most  violent  explosion. 

The  necessity  of  means  being  adopted  for  preventing  such 
things  happening,  is  obvious ;  and  a  more  simple,  and  at  the 
same  time  safe,  method  than  that  of  the  hydraulic  main  and 
dip-pipes  could  hardly  have  been  thought  of;  for,  had  stop- 
cocks been  used,  they  would  have  been  attended  with  consi- 
derable trouble,  and  always  liable  to  get  out  of  order,  so  much 
so,  that  no  dependence  could  be  placed  upon  them  ;  for  the  tar 
and  amnioniacal  salts  would,  in  a  few  days,  so  clog  the  plugs 
as  to  render  them  immoveable.  If  the  pressure  upon  the 
hydraulic  main  from  the  purifying  vessel  be  greater  than  the 
distance  between  the  bend  of  the  H  pipe  and  the  spicket-end  of 
the  dip-pipe,  in  the  hydraulic  main,  the  gas,  after  having  once 
entered  that  main,  cannot  be  forced  back  to  the  retort. 

By  the  pressure  from  the  purifying  vessel,  is  to  be  under- 
stood, the  depth  of  lime  in  solution  through  which  the  gas, 
after  entering  it,  has  to  rise  through  before  it  can  escape  to  the 
gas-holder,  the  most  usual  depth  of  the  purifying  mixture 
through  which  the  gas  bubbles  up  in  purification  being  tea 
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icbcs,  the  purifying  vessel  is  said  to  be  worked  at  ten  inches' 
pressure.  The  length  of  the  dip-pipe  is  two  feet  ;  from  the 
top  of  it  to  the  centre  of  the  bend  part  of  the  H  pipe,  about  six 
or  eight  inches  more,  making  altogether  about  t«o  feet  and  a 
half;  consequently,  before  the  pressure  in  the  lime  vessel  can 
be  of  sufficient  power  to  force  back  the  gas  from  tlie  hydraulic 
main  through  llie  conducting  pipes  to  the  retorts  undergoing 
the  operation  of  drawing,  it  would  require  to  be  three  times 
greater  than  what  the  vessel  is  usually  worked  at. 

The  main,  of  which  we  speak,  with  the  dip-pipes,  form  a 
series  of  hydraulic  joints,  than  which,  in  the  manufacture  of  so 
elastic  a  fluid  as  coal-gas,  nothing  could  be  so  well  adapted, — 
nothing  could  be  so  safe. 

Accidents  have  been  heard  of,  occasioned  by  the  gas  in  the 
hydiaulic  main  exploding,  and  forcing  the  glans  from  the  top 
of  the  pipes  pcrpendi<'ular  thereto,  (usually  called  tlic  H  pipe, 
from  its  similarity  to  that  Homan  letter.)  but  such  aixidents 
must  have  arisen  from  great  carelessness  on  llie  part  of  the 
operator,  or  from  the  clogging  up  of  the  purifying  vessel. 

The  condensinri  !\hiin,nnd  i^arious  Metlwils  nf  Condensutinn. — 
The  gas,  when  evolved,  being  mixed  with  tar  and  auimouiacal 
fluid,  in  a  state  of  vapour,  which  pass  over  with  it  from  the 
retort  to  the  hydraulic  main,  it  becomes  necessary,  that,  as  much 
■js  possible,  these  two  products  should  be  condensed  and  lodged 
in  the  proper  receptacle  before  the  gas  reaches  the  purifying 
vessel.  In  order  that  this  condensation  may  be  properly 
eirected,the  products  generated  should  be  exposed  to  a  large 
surface  of  some  cold  body  on  their  passage  to  the  purifier ;  by 
this  means  the  tar  and  ammoniaeal  liquor  are  separated  in  a 
great  measure  from  the  gas,  and,  being  of  so  much  greater 
density,  fall  to  the  bottom  of  the  pipes,  and  drain  from  thence 
to  the  vessels  appropriated  for  their  reception.  The  gas  is  also 
cooled,  and  made  much  more  lit  for  the  lime  to  act  upon  than  if 
it  were  brought  directly  from  the  hydraulic  main  to  the  lime 
vessel  in  a  hut  state  ;  for,  wlienever  it  is  so,  it  is  impregnated 
with  the  tar  and  oleaginous  particles,  which  very  soon  render 
the  purifying  mixture  useless.  The  consequence  follouing  is, 
that  a  mucli  greater  portion  of  lime  will  be  required  for  the 
purifying  process,  or  otherwise  that  the  gas  will  pass  through 
the  lime  vessel  into  the  gasholder,  without  being  acted  upon. 
The  use  of  impure  gas  ought,  on  all  occasions,  to  be  avoided, 
for  whenever  it  is  used,  it  is  almost  impossible  to  obtain  a 
good  light;  when  it  is  submitted  to  combustion  it  is  smoky, 
and  emits  a  disagreeable  odour;  the  plugs  of  the  stop-cocks 
on  the  fittings  in  houses  become  choked  up  with  tar,  which, 
liowevcr  surpiising  the  case  may  be,  has  been  fouiul  in  situa- 
tions at  a  mile  and  a  half  distant  from  the  manufactory,  after 
having  passed  through  various  pipes  of  dill'crcut  sizes  and  at 
different  levels. 

Experience  having  taught  the  manufacturer  the  necessity  of 
attending  to  the  subject  of  condensation,  he,  of  course,  adopted 
such  means  as  be  considered  most  advisable  for  accomplishing 
it.  In  some  nrinufaclories  it  was  thought  that  the  gas  would  be 
sufliciently  condensed,  from  its  being  conveyed  from  the  hydrau- 
lic main  by  a  pi|)e  laid  in  a  direct  line  from  the  retort-bouse  to 
the  purifier— in  others,  the  gas  was  conveyed  to  the  lime-vessel 
through  a  worm-pipe  placed  in  the  tank  of  the  gas-holder — and 
again,  in  others,  by  a  range  of  pipes  laid  parallel  to  each  other 
at  a  considerable  depth,  and  with  a  certain  declivity  from  one 
end  of  the  works  to  the  other; — whilst  some,  in  addition  to 
these  contrivances,  proposed  a  tank,  into  which  the  range  of 
pipes,  as  last  speeilied,  should  convey  the  gas  at  the  bottom, 
and  by  means  of  a  contrivance  something  similar  to  the  shower- 
bath,  have  it  w  ashed  there  before  it  could  make  its  exit  towards 
the  purifier.  Most,  if  not  all,  of  these  modes,  have  been  tried 
by  dilVereut  operators,  and  have  been  found  more  or  less 
cITeetive. 

Malam's  condenser  is  also  a  square  cast-iron  vessel,  about 
nine  feet  long,  five  wide,  and  four  deep.  Into  this  vessel 
are  introduced  plates  at  the  distance  of  from  six  to  eight  inches 
from  each  other,  with  raised  edges  of  about  three  inches  in 
height ;  these  are  bolt<d  to  the  sides  of  the  vessel,  and  are  per- 
fectly parallel  to  each  other;  they  arc  in  length  about  eight 
feet  six  inehi's,  so  that  being  secured  to  the  sides  of  the  vessel 
and  one  end  of  it,  the  other  end  will  be  at  the  distance  of  about 
six  inches  from  that  end  of  the  vessel  to  whieh  it  is  contiguous. 
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The  lowermost  of  these  plates  being  connected  to  one  end  of  the 
vessel,  the  next  plate  above  it  will  be  connected  at  the  end 
opposite  thereto — the  third  plate  the  same  as  the  first — the 
fourth  as  the  second,  and  soon  alternately  till  all  the  plates  are 
fixed.  'J  his  being  done  preparatory  to  bringing  the  condensing 
vessel  into  action,  water  is  introduced  at  the  top,  which  filling 
the  uppermost  shelf  to  the  height  which  the  projecting  part  of 
it  allows,  it  runs  over  and  fills  the  second,  from  thence  the 
third  is  filled,  and  so  on  till  the  whole  range  is  so.  From  con- 
sidering this  mailer,  it  is  evident,  that  if  the  entrance  pipe  be  at 
the  bottom  of  the  vessel  to  the  right,  should  gas  be  introduced 
there  by  means  of  it,  it  will  pass  over  a  sheet  of  water  equal  to 
the  area  of  the  bjwer  shelf,  and  as  the  next  shelf  above  ap- 
proaches no  nearer  than  six  inches  to  the  end  towards  the  left, 
it  will  by  that  opening  rise  abo»e  it  and  pass  towards  the  right, 
where  it  will  find  an  opening  from  the  third  shelf,  and  so  it  will 
pass  alternately  to  right  and  left  till  it  reaches  the  exit-pipe 
placed  at  the  top  of  the  vessel.  The  condensibic  pioducls  are 
carried  from  the  respective  shelves  by  means  of  small  bends 
projecting  from  one  end  of  this  vessel  ;  but  as  I  am  of  opinion 
it  will  be  likely  to  answer  the  purpose  of  the  manufacturer  both 
as  relates  to  its  first  cost,  durability,  and  action,  I  shall 
describe  a  condensing  vessel  of  this  kind,  capable  of  performing 
\^hat  is  required,  whereabout  100,000  cubic  I'ectof  gas  are  gene- 
rated daily. 

The  condenser  we  have  just  described,  has  undergone  several 
alterations  ;  we  therefore  shall  proceed  to  describe  Malam's  im- 
proved condensing  vessel,  as  exhibited  in  the  Plale.  A  IJ  C  D, 
jig.  1,  is  a  longilu<linal  section  of  this  condenser.  The  vessel  is 
a  parallelopipedon  made  of  cast-iron  plates,  supported  upon  a 
bed  of  brickwork.  At  about  one  foot  from  llie  bottom  is  a 
range  of  plates,  an  n  «,  together  of  the  same  dimensions  there- 
with, which  are  jointed  to  the  side  of  the  vessel.  Upon  these 
stand  a  row  of  plates  of  the  same  material,  one  of  which  is 
shewn,  as  at  fi.  Their  bases  occupy  such  situation  as  is  ex- 
pressed in  the  plan  A  BCD,  fig.  2,  of  the  hydraulic  main.  In 
that  plan,  the  pipe  which  conveys  the  gas  into  the  condenser  is 
shewn  at  E  ;  having  there  entered,  it  passes  between  the  up- 
right plates  in  the  direction  of  the  arrows  till  it  reaches  the 
exit-i)ipe  F,  and  that  pipe  leads  to  the  purifying  apparatus. 
It  is  to  be  noticed,  that  these  upright  plates  do  not  rise  to  the 
top  of  the  condenser — there  is  a  space  of  about  six  inches  left 
between  it  and  the  i)late  which  fits  over  them.  The  entrance 
and  exit-pipes  E  and  F  are  placed  about  a  foot  from  the  lop  of 
the  vessel,  as  shewn  in  the  transverse  section,  fig. 3.  The  range 
of  east-iron  plates,  anon,  in  the  hydraulic  main  mentioned 
above,  do  not  lie  perfectly  horizontal,  but  with  a  small 
declivity  to  the  right,  by  which  arrangement  the  condensible 
matter  drains  towards  the  openings  a  b  c,  fig.  2,  and  thenee  by 
the  pipe  «,  shewn  in  the  figure  of  Mr.  Malam's  condenser,  and 
aif,  fig.  3,.  is  discharged  into  the  receptacle  E,  vvhich  runs 
across  the  vessel,  and  is  filleil  with  water  for  the  pipes  to  dip 
in,  and  form  an  hydraulic  joint.  It  follows,  therei'oro,  that  as 
the  condensible  products  accumnl.Tte,  they  overllovv  the  parti- 
tion vvhich  forms  the  part  F,  and  run  into  the  chamber  G,  from 
whence,  when  it  is  necessary,  they  are  drawn  olV  by  the  cock  H, 
in  the  two  figures  of  the  hydraulic  main,  and  the  condenser. 

/V  15  C  D,  fig.  2,  is  a  plan  of  this  condenser,  the  arrangement 
of  which  is  already  described  ;  and  fig.  3  is  a  transverse  section 
of  the  same  vessel.  The  following  are  dillcrent  sections  of  the 
condenser,  for  which  Mr.  Perks  obtained  a  patent  : — The  first 
figure  is  a  plan  of  the  top,  shewing  the  situation  of  the  bend- 
pipes,  &c.  Fig.  2,  is  a  plan  of  the  underside  of  the  plate,  on 
which  the  upright  pipes  are  supported,  shewing  the  openings 
into  the  lower  chambers,  and  the  position  of  the  upright 
partitions. 

Fig.  1,  in  the  next  page,  is  a  side  view  (in  elevation)  of  the 
vessel,  the  side  plates  being  supposed  to  be  removed.  The  pipe 
and  bend  beneath  are  for  carrying  oil'  the  condensations.  The 
dotted  line  shews  the  height  at  which  the  fiuid  will  be  con- 
stantly kept  in  the  vessel.  An  opening  is  made,  or  left  at  the 
bottom  of  each  partition,  which  allows  the  condensed  matter  to 
flow  from  one  to  another,  and  to  be  carried  olV  by  the  pipe. 
Fig.  2,  is  an  end  view  of  Iho  vessel,  (in  elevation)  the  plat« 
being  supposed  to  be  renmved. 

In  considering  the  merits  of  eiilier  of  these  vessels,  the  most 
5b 
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slrikiog  are  the  facility  with  which  any  obstruction  to  their 
operation  may  he  removed,  and  the  very  cliicitnt  means 
they  afford  for  answering  the  purpose  of  the  manufacturer,  as 
far  as  relates  to  the  gas  generated,  being  well  condensed  before 
it  is  brought  to  the  purifying  apparatus.  We  have  already 
stated  the  distance  which  the  gas  would  have  to  travel  in 
passing  through  a  condenser  constructed  on  Perks's  prin- 
ciple ;  and,  when  we  consider  that  the  pipes  therein  are 
always  surrounded  by  cold  nater,  we  can  hardly  doubt  of  its 
Fig.  1.  Fig.  2. 


effect.     In  his  vessel  the  bends  at  the  top  are  easily  removed 
in  the  event  of  any  obstruction  presenting  itself,  and  by  forcing 
down  each  of  the  pipes  a  rod  for  the  purpose,  the   passage  is 
cleared.     As  there  is  a  sufficient  opening  left  at  the  bottom   of 
each  of  the  partitions  in  the  lower  vessel,  the  obstructing  matter 
can  be  willidrawn  from  thence.     In  Malam's  condenser  the  top 
can  be  removed,  and   after  it   is  so.  the  cast-iron  plate  which 
rests  upon  the  upright  ones  can  be  withdrawn  also  :  so  that  the 
operator  has  it  in  his  power,  by  drawing  ao  instrunient  made 
for  the  purpose  between  the  plates,  (for  the  passage  of  the  gas) 
to  clear  them  out,  and  to  open  the  holes  through  which  the  con- 
densations descend  into  the  lower  chamber.     It  would  appear 
that  Slalani,  in  the  construction  of  his  latter  vessel,  as  well  as  the 
former,  had  considered,  when  gas  passes  through  circular  pipes, 
that  which  is  near  the   centre   would  be  little,  if  at  all,  acted 
upon   by    the   cold   medium   surrounding   them  ;  and   he    has 
therefore   compensaled   for  that  defect  by  causing  the  gas  to 
present  itself  in  su('h  thin  sheets  as  cannot  fail  to  be  affected 
by  the  coldness  of  the  adjoining  surfaces  ;   thus  giving  a  greater 
probability   to  the   condensation    being  well   performed.     The 
f)resent  form  of  the  hydraulic,  in  its  most  impioved   state,  is 
that  of  a  semicircular  pipe,  having  covers  or  doors  that  can  be 
removed  at  pleasure,  and  to  which  the  pipes  from  the  retorts 
are  connected.     This  main   contains   a  quantity   of  tar,  into 
which  the  pipes  from  the  retorts  immerse  a  few  inches.     The 
tar  thereby  acts  as  a  valve  to  prevent  the  return  of  gas  into  the 
retorts  while  in  the  act  of  charging.     Formerly,  the  main  con- 
sisted of  a  square  chest  for  each  retort,  placed   below,  which 
received  the  dip-pipes  in  the  same  manner  as  the  others,  with 
pipes  comtnunicating  bitncen  each  cliesl ;   hut  from   its  near 
situation    to  the   retort,  the   tar   being  con!inually  impregnated 
with  hot  gas,  hardened  into   pilch,  and  cho!<<<l  up  the  passage. 
From  the  dillieulty  of  removing  these;  ohstruclions.  and  the  dan- 
ger attending  them,  this  sort  of  h\  draulic  main  has  heen  given 
up,  and  the  form  referred  to  substituted  in  its  stead. 


From  these  difficulties,  and  other  considerations  of  conveni- 
ence, the  hydraulic  main  in  the  several  works  in  England,  as 
well  as  in  the  works  here,  is  now  elevated  a  few  feet  above  the 
range  of  the  retorts,  so  that  the  gas,  instead  of  a  downward 
direction  which  it  formerly  took,  ascends  into  this  as  a 
reservoir,  by  means  of  which  the  tar,  in  a  state  of  vapour,  is 
longer  detained  in  the  retort;  and,  in  a  considerable  degree, 
(compared  to  what  took  place  formerly,)  is  decomposed  into 
gas.  In  the  alteration  of  the  construction  of  the  works  here  of 
late,  as  well  as  in  those  lately  fitted  up  by  me  at  Kilmarnock, 
we  have  not  only  taken  advantage  of  tliis  vertical  elevation  of 
the  hydraulic,  but  have  also,  by  the  peculiar  construction  of 
the  roof,  set  oil  the  hydraulic  at  eight  or  ten  feet  distance  from 
the  retort,  in  a  horizontal  direction,  by  means  of  which  its  con- 
nexion with  the  retort  is  at  a  distance  of  about  sixteen  feet  ; 
the  union  pipes  forming  in  one  line  a  vertical  direction,  and 
in  the  oilier  a  line  inclining  upwards  to  the  hydraulic,  into  which 
they  dip.  By  this  lengthened  elevated  line,  the  tar  in  a  consi- 
derable degree  deposits  itself,  and  returns  to  the  retort  to  be 
decomposed  anew.  This  mode  of  arrangement  in  the  fitting  up 
of  the  hydraulic  has  also  the  advantage  of  a  free  circulation  of 
the  surrounding  air,  by  which  means  it  forms  in  some  degree  a 
refrigeratory  for  cooling  the  gas,  and  thereby  depositing  several 
heterogeneous  panicles  of  tar  and  ammonia  that  were  still  held 
in  a  state  of  vapour.  It  lias  also  the  convenience  of  being 
easily  got  at  to  remove  any  obstruction  that  may  generate  in 
this  part  of  the  apparatus. 

Apparatus  for  shewing  the  exact  Quantity  of  Tar  and  Ammo- 
iiiacal  Liijuor  jiruthiccrljrum  a  given  Quanlilg  vfCoal. — To  obtain 
a  correct  account  of  these  products,  Peckston  constructed  a 
table  for  shewing  the  exact  number  of  ale  gallons  contained  in 
the  tar-cistern  at  every  inch  dip  ;  the  application  of  which 
shall  be  shewn  after  describing  the  apparatus  attached  to  the 
cistern.  Considering  that  the  spceilic  gravities  of  tar  and 
aramoniacal  liquor  were  different,  and  that  a  body  which  would 
sink  in  the  latter  would  swim  upon  the  surface  of  the  former, 
he  proposed  that  two  floats  should  be  made,  and  attached  to 
rods  for  shewing  the  respective  heights  to  which  each  product 
rose  in  the  cistern.  In  the  annexed  figure,  A  BCD,  is  a  sec- 
tion of  the  tar-cistern,  a  b,  surface  of  the  tar.  ctl,  surface  of 
E,  a  float  of  sound  dry  oak,  twelve 
a  small  rod  of  round 


the  ammoniacal  liquor, 
inches  square,  and 
three  inches  thick, 
(the  specific  gravity 
of  which  being  greater 
than  that  of  ammo- 
niacal liquor,  will  dis- 
place its  hulk  of  that 
liquor  and  rest  upon 
the  surface  of  the  tar,) 
to  which  is  fixed  (G) 


iron  with  a  light  index 
at  the  top  for  pointing 
out  the  height  of  the 
tar  in  the  cistern 
against  the  graduated 
rod  I.  F,  a  float  of 
cork  swimming  on  the 
surface  of  the  ammo, 
jiiacal     liquor,    fitted 


with  a  rod  II,  and  an  index  for  shewing  on  the  graduated  rod 
K  the  number  of  feet  and  inches  the  surface  of  that  lluid  is  dis- 
tant from  the  bottom  of  the  cistern.     The  difference  betweeo 
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the  heig;ht.s,  as  pointed  out  by  the  indexes  on  the  pradiiatpd 
rods  I  and  K,  is  the  feet  and  inches  of  amnioniacal  liquor  in 
the  vessel,  e  an(l_/are  two  raised  openings  on  the  upper  plate 
of  the  vessel,  of  about  five  or  six  inches  in  height,  through 
which  the  rods  G  and  H  slide  up  and  down,  liy  this  con- 
trivance  they  are  steadied  and  aluays  kept  in  a  vertical  posi- 
tion. This  description  of  ajiparatus  will  answer  for  any  tar- 
cistern  ;  but  as  that  vessel  may  be  of  dillcreiit  dimensions  in 
different  establishments,  the  table  for  use  must  be  calculated 
accordingly. 

Application  of  the  Table. — Example.  The  index  of  the  rod  G 
pointing  to  two  feet  six  inches  on  llie  graduated  rod  I;  required 
the  number  of  gallons  of  tar  answering  thereto!  Look  for  two 
feet  in  the  side  column,  and  run  your  eye  along  the  line  till 
you  come  under  six  iuiOies  in  the  top  one;  you  will  there  liud 
3,080  the  number  of  gallons  sought. 

'I'u  find  the  Gtil/ons  of  Aiiinwiiiacid  Liquor. —  Subtract  the 
height  pointed  out  by  the  rod  G  from  that  shewn  by  the  rod  H, 
and  with  the  remainder  enter  the  table  as  above  directed  ;  and 
you  will  find  what  number  of  gallons  of  anmioniacal  liquor  are 
in  the  cistern. 

Example.  The  rod  G  stands  at  two  feet  six  inches,  the  rod 
Hat  four  feet;  what  number  of  gallons  of  amnioniacal  liquor 

Ft.    In.     Fl.      In.        Fl,      In. 

are  there  in  the  cistern?  4  :  0—2  :  6  iz  1  :  (J,  opposite  to 
which,  in  the  table,  find  1,848,  and  such  is  the  number  of  gal- 
lons of  ammoniacal  liquor  in  the  cistern. 

Pmifjiing  Vessels,  and  the  best  Mode  of  Purifi/ing  Coal-Gas. — 
During  the  process  of  decomposing  coals  in  close  vessels,  it  is 
found,  that,  on  their  being  healed  to  a  certain  degree,  a  part  of 
the  carbon  of  which  they  are  formed  unites  with  part  of  the 
oxygen,  and  produces  carbonic  acid  ;  this,  by  means  of  caloric, 
is  formed  into  carbonic  acid  gas.  Whilst  this  process  is  going 
on,  a  pait  of  the  hydrogen  of  the  coal  is  combined  with  another 
portion  of  carbon  and  caloric,  which  forms  carburettcd  hydrogen 
gas.  Olefiant  gas,  carbonic  oxide,  hydrogen  and  sulphuretted 
hydrogen,  are  also  produced.  According  as  the  component 
parts  of  the  coal  submitted  to  distillation  varies,  so  will  the 
quantities  of  these  products  vary  also. 

When  the  gas  produced  from  coal  is  burnt  without  being 
purified,  (that  is,  deprived  of  the  sulphuretted  hydrogen  and 
carbonic  acid  gas  which  it  contains,)  or  if  it  be  not  properly 
purified,  it  throws  out  sparks  and  produces  a  sulphureous 
acid,  owing  to  the  oxygen  of  the  air  uniting  with  the  sulphur 
burnt  with  the  gas.  Such  eas  sends  forth  a  sullocaling  odour, 
that  is  not  only  highly  ollensive,  but  injurious  to  health.  Its 
levity  carries  it  to  the  upper  most  part  of  the  room  where  it  is 
burnt,  and  there  it  is  easily  perceived.  It  tarnishes  all  nielallic 
substances,  and  discolours  paintings  wherever  metallic  oxides 
may  have  been  used  in  their  execution. 

The  general  way  of  freeing  it  from  sulphuretted  hydrogen 
and  carbonic  acid,  and  rendering  it  111  tor  use,  hitherto  adopted, 
has  been  by  passing  it  through  a  solution  of  lime  and  water  of 
the  consistence  of  cream.  It  may  also  be  purified  by  passing 
it  through  very  dilute  solutions  of  subaeetate  of  lead,  green 
sulphate  of  iron,  or  hyperoxymuriatc  of  lime.  For  the  purifi- 
cation of  coal-gas,  when  it  is  manufactured  in  the  large  way, 
various  methods  have  been  adopted.  The  following  are  those 
most  noticed: — 1st,  Uy  passing  it  thiough  lime  in  solution; 
2d,  by  allowing  it  to  be  acted  upon  by  lime  in  a  semi-fiuid 
state;  3d,  By  passing  it  through  dry  lime;  and,  41h,  Uy  pass- 
ing it  through  red-hot  tubes  into  which  are  introduced  clip- 
oings  of  iron. 

The  best  arrangement  for  these  vessels  which  has  fallen 
under  my  notice,  as  well  as  the  construction  of  the  purifier 
itself,  was  efieetcd  by  Mr.  .Malani,  of  the  Westminster  gas 
works.  A  BCD,  fig.  1,  (see  the  I'lato.)  is  a  vertical  section 
of  the  treble  purifier,  placed  upon  a  loiindation  of  brick-work  ; 
and  fig.  2  of  the  same  Plate,  is  a  plan  tlx^reof.  E  E,  1"  F,  G  G, 
fig.  1,  arc  sections  of  the  three  interior  chambers,  boiled  to  the 
tops  of  their  respective  vessels  by  the  llanehes  expressed  in 
the  Plate.  It  will  be  observed,  that  the  bottoms  of  these  ves- 
sels branch  out  with  a  kind  of  llaiieh,  by  which  means  the  gas 
is  acted  upon  by  a  greater  proportion  of  the  purifying  mixture 
than  if  the  vertical  sides  of  it  fell  in  a  perpeiidiiMilar  line.  II  II 
IS  the  axis  on  which  the  agitator  1 1  is  fixed.     K  K  K  are  three 


cylindrical  vessels  for  the  purpose  of  charging  the  respective 
vessels  into  which  the  purifjing  mixture  is  introduced  by  the 
bends  L  L  L.  M  -M  M  are  the  pipes  which  convey  the  pas  into 
the  interior  (■hainber.  N  is  the  pipe  which  conveys  the  puri 
fied  gas  to  the  reservoir  after  it  has  passed  throu^ili  the  series 
of  vessels.  O — the  feed-pipe  for  bringing  the  purifjing  mix- 
ture from  the  vessel  where  it  is  prepared  into  the  purifying 
apparatus.  P  P  P  exhibit  the  openings  near  the  bottoms  of 
the  cjlindrical  vessels  K  K  K,  for  emptying  the  respective  ves- 
sels, which  is  efieetcd  by  the  slide-cocks  Q  Q  Q.  In  the  figure, 
the  height  to  which  the  purifjing  mixture  rises,  is  shewn  in  the 
two  lower  vessels;  but  the  upper  one  is  not  charged.  The 
agitators  are  drawn  by  hand  in  the  same  way  as  has  been 
already  dcsciibed  when  speaking  of  the  single  purifiers.  When 
this  purifier  is  first  brought  into  action,  the  purifying  mixture 
is  turned  into  the  uppermost  vessel  K,  from  whence  it  enters 
into  the  uppermost  pnrifii  r  by  the  bend  L,  till  it  rises  to  the 
height  of  the  uppermost  edge  of  the  vessel  K.  When  such  is 
the  case,  by  opening  the  uppermost  of  the  slide-cocks  Q,  that 
charge  is  emptied  from  the  first  into  the  second  vessel,  which 
being  done,  the  uppermost  purifier  is  again  charged.  The 
middle  cock  Q  is  then  opened,  which  allows  the  charge  in  the 
second  purifier  to  enter  into  the  lowermost  one,  and  whilst  this 
is  performing,  that  in  the  uppermost  one  is  emptied  into  the 
second.  The  mixture  is  at  the  same  time  entering  into  the 
uppermost  one,  which  is  known  to  be  properly  charged,  when 
the  mixture  rises  to  the  top  of  its  suppljing  vessel  K.  This 
being  |)erforined,  the  gas  in  its  crude  state  is  allowed  to  enter 
into  the  interior  chamber  of  the  lowermost  purifying  vessel  by 
the  pipe  M,  which  being  filled,  it  blows  underneath  the  flaneh 
part  of  it  into  the  outer  part  of  that  vessel  which  is  unoccupied 
by  the  purifjiiig  mixture:  from  thence,  by  the  next  pipe  M,  it 
is  conveyed  into  the  inteiior  chamber  of  the  middle  purifier, 
where  the  action  is  the  same  as  in  the  lower  one  ;  and  thence, 
by  the  uppermost  pipe  M,  it  is  conveyed  into  the  highest  ves- 
sel, where  having  again  undergone  the  purifying  process,  it  is 
allowed  to  enter  the  gas-holder  by  the  pipe  N. 

On  examining  the  Plate,  it  must  appear  obvious  that  the 
gas  enters  into  the  lowermost  purifier  in  its  most  crude  stale  ; 
where,  having  been  acted  upon,  it  rises  into  the  second  in  a 
purer  state,  and  from  thence  into  the  top  one.  Under  such 
circumstances,  it  follows,  that  the  charge  in  the  lowermost 
vessel  is  rendered  useless  first:  on  its  being  so,  it  is  turned  olf 
by  opening  the  bott(jm  cock  Q  ;  whilst  this  is  performing,  the 
gas  generated  has  to  pass  through  two  vessels  before  it  can 
enter  into  the  gas-holder :  but,  in  the  single  purifier  during  the 
time  of  charging,  the  gas  passes  into  the  gas-holder  in  an  im- 
pure state,  tliiis,  by  mixture  with  the  pure  gas,  deteriorating 
its  quality.  The  bottom  puriller  being  einptietl,  the  mixture  in 
the  second  is  turned  into  it,  and  that  of  the  top  into  the  second, 
when  the  t0|)  one  is  recharged.  The  lowermost  vessel  then 
always  contains  the  mixture  which  has  been  most  acted  upon 
by  the  gas.  I5y  the  vessels  being  placed  in  this  way,  a  con- 
sidernble  saving  in  the  expense  of  erecting  them  is  ellected  : 
for,  the  top  of  the  lowermost  vessel  answers  as  a  bottom  to  the 
second,  whilst  the  top  of  the  middle  vessel  is  the  bottom  of  the 
upper  one.  The  saving  is  not  there  alone;  for,  if  the  vessels 
were  placed  separately,  they  would  require  to  be  fitted  with  a 
number  of  valves  and  connexions,  under  this  arrangement 
altoiether  unnecessary. 

Where  the  manufacturer  has  plenty  of  room  on  his  premises 
for  erecting  a  series  of  single  purifying  vessels,  the  extra 
expenses  arising  from  the  adoption  of  such  plan  not  only  con- 
sists in  the  first  cost,  but  afterwards  also,  by  requiriii,:  a  man 
to  work  the  agitators  of  each  vessel  ;  consequetitly,  w  hen  three 
vessels  were  used,  three  men  would  be  rc(]uired  for  the  pur- 
pose, whilst  in  Malam's  puiifier  one  man  with  ease  works  the 
three  sets  of  agitators.  His  arrangement  possesses  another 
capital  advantage,  for  in  most  large  towns  where  coal  gas 
maniit'actories  are  established,  it  is  of  considerable  importance 
to  save  room,  and  nothing  can  be  better  adapted  for  doing  so 
than  his  triple  purifier. 

A  mode  of  purification.  difiVring  in  principle  and  practice 
from  that  we  have  mentioned,  is  by  causing  the  crude  gas  to 
pass  through  retorts  of  a  particular  description,  worked  at  a 
red  heat  just  visible  by  day-light.     Mr.  G.  II.  Palmer  obtained 
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a  patent  for  llii.s  invention.  Fig.  3,  in  the  Plate,  represents  a 
longitudinal  section  of  Palmer  s  purifier,  and  fig.  4,  a  front 
^iew  of  the  same,  with  tlie  mouths  of  llie  upper  purifier  closed, 
and  the  lower  one  open.  Tliis  purilier  is  constructed  of  east- 
iron,  and  it  is  set  in  brick-woik  under  sucli  an  arrangement  as 
admits  of  its  being  heated  to  the  temperature  required.  In  the 
Plate  just  referred  to  there  are  two  purifiers  heated  by  one  fire. 
In  no  establishment  can  the  process  be  carried  on  with  a  less 
number;  in  large  works  it  would  not  only  require  the  magni- 
tude of  the  purilier  to  be  increased,  but  it  would  also  be  requi- 
site to  employ  a  greater  number  of  purifiers  also.  The  purifiers 
are  of  an  elliptical  shape,  and  each  one  is  divided  into  two 
equal  parts  b\  a  vertical  partition,  which  runs  along  its  centre 
irom  the  mouth-piece  to  within  a  few  inches  of  its  end.  The 
mouth  piece  is  double,  that  is,  it  admil.s  of  two  lids  being 
applied  to  it,  one  of  which  is  to  the  right  of  the  parlilinn  we 
have  just  spoken  of,  and  the  other  to  the  left.  The  lids  of 
these  mouth-pieces  are  secured  in  the  ordinary  way  by  means 
of  luting  and  cross-pieces.  As  it  is  intended  that  but  one  of 
these  purifiers  should  be  brought  into  action  at  one  time,  tlie 
apparatus  is  provided  with  the  double  mercurial  valve  A,  fig. 
5,  flie  rod  of  which  being  attached  to  one:  end  of  a  chain,  (run- 
ning over  a  pulley,)  at  the  other  end  .sustaining  a  counter- 
balance weight,  the  gas  is  allowed  to  enter  into  the  upper  or 
lower  purifier  as  occasion  may  require  ;  the  valve  being  so 
contrived,  that  when  the  crude  gas  is  admitted  through  it  into 
one  purifier,  it  is  etl'eetually  excluded  from  the  other.  It  is  of 
considerable  importance  to  the  purification  of  gas  by  this  mode, 
as  well  as  every  other,  that  it  should  have  ell'ectually  under- 
gone the  process  of  condensation,  and  as  the  admission  of  any 
of  the  condensible  products  into  the  purifier  will  mateiially 
tend  to  clog  it  up  and  to  prevent  the  play  of  aflTinities  required 
in  this  mode  of  purification,  the  patentee  advises  that  the  |)ipes 
conducting  the  gas  fiom  the  condenser  sliouid  rise  towards  the 
purifying  apparatus.  In  fig.  5,  the  entrance  and  exit  pipes  are 
exhibited  :  the  latter  dip  into  a  square  box  containing  water, 
into  which  thoy  are  immersed  so  as  to  form  an  hydraulic  joint 
between  the  purif\ing  apparatus  and  the  gas-holder.  This  box 
is  furnished  with  a  pipe  for  conveying  oil' any  products  which 
may  be  condensed  after  the  gas  has  passed  the  purifier,  and  it 
will  of  course  require  another  vessel  for  receiving  them,  which 
must  be  constructed  on  a  plan  somewhat  similar  to  the  tar- 
cistern,  but  on  a  smaller  scale. 

When  this  purifying  apparatus  is  to  be  brought  into  action, 
it  is  to  be  at  such  a  temperature  as  we  have  already  slated, 
not  that  it  is  essential  towards  effecting  the  purification  of  the 
gas,  hut  tending  to  the  preservation  of  tlie  vessel.  Tliis  being 
elVected,  each  compartment  thereof  is  to  be  half  or  three- 
fourths  filled  with  fragments  or  refuse  clippings  of  sheet-iron, 
with  tinned  iron  plates,  argillaceous  iron  ore,  iron-stone,  &C.&C. 
It  is  to  be  noted,  that  whatever  material  may  be  used  in  this 
purifying  vessel,  such  must  be  arranged  in  it  so  as  to  lie  loosely 
together,  in  order  that  the  gas  may  act  upon  as  much  of  its 
area  as  possible,  and  that  the  sulpluiretted  hydrogen  and  car- 
bonic acid  gas  may  be  tliereby  arrested.  Should  the  black 
oxide  of  iron  be  used  in  the  purifier,  which  appears  to  be  pre- 
ferred by  Mr.  Palmer,  the  operator  should  be  careful  as  to  tlie 
manner  in  which  he  disposes  of  it :  always  recollecting  that  a 
.sufficient  space  should  be  left  at  the  end  of  the  purifier  to  allow 
the  gas  to  pass  round  the  divisional  partition. 

The  purifier  being  charged  with  any  of  the  materials  rs 
above  specified,  the  lids  are  to  be  secured  and  the  valve 
opened  towards  the  one  so  charged  by  raisins  or  lowering  the 
counter-balance  weight  of  the  valve,  according  as  the  upper  or 
lower  purifier  may  be  brought  into  action.  The  gas  then 
enters  into  that  compartment  of  it  which  is  to  the  left,  and 
passing  over  the  iron,  or  whatever  else  may  be  introduced 
round  the  divisional  plate,  is  allowed  to  pass  fu'  the  purifier 
by  means  of  the  pipe  which  is  connected  to  the  mouth-piece, 
which  is  to  the  right,  into  the  hydraulic  box,  and  thence  by  the 
pipe  B  to  the  gas-holder,  to  be  stored  up  for  use  as  occasion 
may  require. 

It  is  requisite  that  tests  should  occasionally  be  taken,  in 
order  that  it  may  be  known  when  the  fragments  of  iron.  &c. 
become  inadequate  for  the  purpose  of  purification.  When 
tbey  are  so,  the  other  purifier  is  to  be  charged  in   a  similar 


way,  the  mouth  piece  secured,  and  the  valve  opened  into  it- 
which,  as  we  have  before  observed,  will  shut  olf  the  communi- 
cation to  that  which  had  been  in  action.  When  this  is  done, 
let  the  lids  of  the  purifier  which  is  out  of  use  be  removed,  so 
as  to  admit  the  atmospheric  air  into  it,  the  action  of  which  will, 
prior  to  the  purifier  in  action  being  rendered  inadequate  to 
perform  its  othee,  so  far  restore  the  materials  to  their  proper 
tone,  by  reducing  the  sulphuret  of  iron  again  to  a  metallic 
state,  as  to  allow  the  change  of  purifier  to  be  again  effected, 
and  the  process  to  be  carried  on  to  advantage. 

The  operator  is  invariably  to  follow  the  mode  pointed  out, 
by  using  his  purifiers  alternately,  till  it  is  ascertained  that  the 
iron,  or  whatever  substance  may  have  been  introduced,  will 
no  longer  retain  the  sulphuretted  hydrogen,  &e.  When  such 
is  the  case,  the  contents  of  ilic  purifier  must  be  removed,  and 
replaced  by  fresh  material,  and  the  process  proceeded  upon 
again,  in  the  manner  we  have  already-described. 

When  lime  in  solution  is  used  for  the  purification  of  gas 
obtained  from  most  of  the  species  of  Wallsend  coals,  a  bushel 
and  a  half  (Winchester  measure)  or  322.5,63  cubic  inches  of  un- 
slacked  lime  is  found  sufiicient  for  purifying  10,000  cubic  feet ; 
its  value,  at  fourteen  shillings  the  hundred,  being  about  eight- 
pence.  In  the  snme  proportion  must  the  purifier  be  charged 
for  either  greater  or  lesser  quantities  of  gas  generated.  How- 
ever, as  the  qualities  of  coals  vary  considerably,  perhaps  no 
specific  quantity  can  be  put  down  as  a  general  rule.  The 
operator  will  very  soon  ascertain  the  fact,  for  his  tests  will 
prove  whether  the  gas  be  pure,  and  he  will  charge  his  vessel 
accordingly. 

TAiiLE, shelling  tlie  Comparison  helireen  the  Lime  Hundred  and 
Winchester  Bushel,  Se. 

A  1  1  j"ito  21,696,  or  215  Winchester  bushels  of  2150,42 
A  hundred  I  .  •     •     ,'  ■ 

r,.        .     f  cubic  niches  each, 

of  lime  IS    > ,    „_      1  •    1-    . 
I       «  to  2/  cubic  leet. 

equal       )  ^^  4C,Gi>G  cubic  inches. 

Most  kinds  of  quick  lime  double  their  bulk  by  slacking. 

Many  alterations  have,  at  different  times,  been  made  in  the 
structure  of  lime  vessels  for  purifying  coal  gas  ;  and,  until 
lately,  it  does  not  appear  that  any  form  was  hit  upon  suffi- 
ciently powerful  to  separate  entirely  the  sulphuretted  hydro- 
gen. This  is  now  cflccted.  The  gas  at  present  made  in  the 
Glasgow  gas  works  seems  to  be  entirely  free  of  it,  and  will  not 
tinge  either  silver  or  gilding ;  nor  can  the  acetate  of  lead,  a 
delicate  test,  discover  in  it  any  of  this  ofi'ensive  mixture. 

On  the  Gas-holder  (Gasometer);  its  Constructioji,  and  Descrip- 
tions of  such  as  would  best  a7tsii'er  tlie  Purpose  of  the  Alannfac- 
turer. — The  gas-holder  (or,  as  it  is  more  commonly,  though 
improperly,  called  the //rtiOjHffe)',)  is  that  vessel  in  which  the 
purified  gas  is  stored  up  for  use.  It  has  been  of  various  sizes 
and  shapes:  that  most  generally  adopted  in  large  works  is 
from  1.5,000  to  20,000  cubic  feet  in  capacity.  It  is  a  cylinder; 
the  diameter  being  from  thirty-three  to  forty  feet,  and  the 
heisht  from  eighteen  to  twenty-three  feet. 

When  speaking  of  the  gas-holder,  we  are  to  consider  it  as 
composed  of  two  distinct  parts  ;  that  is  to  say,  a  capacious 
inner  vessel,  in  large  works  generally  made  of  sheet-iron, 
which  is  closed  at  the  top  and  open  at  the  bottom  ;  and  a  cast- 
iron  tank  or  wooden  vat  of  about  a  foot  or  eighteen  inches 
greater  diamctei  for  containing  water,  into  which  the  gas- 
holder sinks  as  it  is  emptied  of  gas,  and  out  of  which  its  lower 
edge,  when  full,  cannot  rise.  By  this  contrivance  the  gas  is 
prevented  from  escaping. 

The  gas-holder  is  suspended  by  a  chain  over  two  grooved 
wheels,  fixed  on  a  cast-iron  frame  placed  over  it  ;  one  end  of 
which  chain  is  made  fast  to  an  eye-bolt  at  the  centre  of  the  top 
of  the  gas-holder,  and  to  the  other  is  attached  a  frame  sup- 
porting weights  nearly  equal  to  the  weight  of  the  gas-holder. 
It  is  to  be  observed,  that  by  pulling  more  weights  upon  the 
balance  support,  or  frame,  tlie  gas-holder  works  at  a  les.s 
pressure,  and,  consequently,  does  not  force  the  gas  into  the 
street  mains  with  such  velocity  as  when  the  weight  is  there 
decreased;  for  if  the  balance-weight,  and  weight  of  the  gas- 
holder, were  very  nearly  equal,  there  would  be  little  or  no 
impetus  for  discharging  the  gas:  it  would,  in  consequence, 
escape  with  such  languor  at  the  orifices  of  the  burners  as  to 
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alTnid  lint  a  very  feeble  light.  To  obtain  a  frood  light,  the 
gas-holder  should  never  be  worked  at  less  than  about  two 
inches'  pressure;  or,  in  other  words,  the  surface  of  the  water 
inside  the  gas-holder  should  be  about  two  inches  below  the 
surface  of  the  water  conlainrd  between  the  outside  of  the  gas- 
holder and  the  tank,  or  vat,  in  which  it  is  suspended. 

For  ascertaining  the  pressure  at  which  the  gas-holder  works, 
a  small  pressure-gauge  may  be  attached  to  the  top  of  it,  and 
secured  from  accident  by  a  wrought-iron  case.  \Vhen,  fioni 
the  gas  being  turned  into  the  gas  holder,  it  has  risen  but  a  few 
feet  out  of  the  water,  the  operator,  by  inspecting  the  graduated 
scale  on  the  pressute-gauge,  can  see  what  pressure  the  gas- 
holder is  then  working  at;  and,  by  diminishing  or  increasing 
the  counterpoise,  or  balance-weight,  regulate  the  pressure  to 
what  may  be  desired.  One  of  the  uses  of  the  gas-holder  is  to 
regulate  the  emission  of  the  gas  towards  the  burners,  which 
could  not  be  ell'ected  without  such  contrivance. 

We  are  now  to  describe  the  cylindrical  gas-holder.  In  the 
Plate,  (ig.  1,  is  a  vertical  section  thereof,  and  of  the  tank,  &c. 
As  the  construction  has  been  spoken  of,  I  have  here  only  to 
notice  the  particular  parts  as  exhibited.  A  U  C  I)  is  a  section 
of  the  gas-holder,  EFGH  a  section  of  the  tank,  1 1  cast  iron 
flaneh-pipes  jointed  together  in  the  usual  way,  as  columns  for 
supporting  the  frame  K  K.  Upon  this  frame  are  plaicd  car- 
riages for  bearing  the  grooved  wheels  L  L,  over  which  runs 
the  chain  suspending  the  gas-holder  and  balanee-wcight  M. 
N  is  the  pipe  bringing  the  gas  into  the  gas-holder,  after 
it  passes  Irom  the  piirifying  apparatus.  O,  another  pipe 
similar  to  the  former,  by  which  the  gas  is  discharged  into  the 
mains  when  wanted  for  use.  It  need  hardly  be  remarked,  that 
these  pipes  must  rise  a  few  inches  above  the  level  of  the  water 
in  the  tank,  to  prevent  a  possibility  of  water  getting  into 
them.  Upon  the  horizontal  parts  of  the  pipes  N  and  O  are 
placed  valves  for  shutting  od'  the  respective  communications 
when  the  vessel  is  full,  or  when  it  m;iy  be  desired  not  to  Hork 
into  it.  The  figure  represents  the  gas-iiolder  as  if  it  were  about 
half  filled.  Fig.  2  represents  the  plan  of  the  gas-holder  just 
described.  This  is  the  most  simple  construction  of  gas-holders 
for  working  on  the  ordinary  principle  that  has  hitherto  been 
adopted. 

Malani,  to  obviate  the  necessity  of  having  all  tliis  heavy 
framework,  proposed  to  erect  gas-holders  working  with  the 
spceilie  gravity  apparatus  without  it;  and  to  shew  the  possi- 
bility of  doing  away  therewith,  in  the  spring  of  1817  he  con- 
structed a  mod(  I.  If  we  consider  the  tank  and  gas  lioKlcr  to 
be  such  as  have  been  just  described,  the  following  description 
will  explain  his  principle.  In  the  centre  of  the  tank  he  pro- 
posed to  form  a  c\  Under  of  about  four  or  live  feet  diameter,  of 
east-iron  (lanch  plates,  with  the  flanches  inwards,  so  as  to  pre- 
sent an  even  surface  outside.  This  cylinder  was  to  he  made 
tight  to  somewhat  above  the  height  of  the  tank  :  it  was  then  to 
be  carried  by  open  castings  to  above  the  height  that  the  top  of 
the  gas-holder  might  rise.  The  top  of  it  w  as  cast  with  a  strong 
broad  flanch,  strengthened  by  vertical  llanches  underneath  it,— 
thereon  were  boiled  carriages  for  supporting  two  sniall  wheels 
in  a  right  line  with  each  other,  and  with  the  centre  of  the 
cylinder.  Over  these  wheels  run  two  light  ch  lins,  by  which 
the  gas-holder  and  balance-weights  were  suspended.  It  will 
be  clear,  that  under  such  arrangement,  as  the  gas-holder  rose 
out  of  the  water,  the  bahince-weights  would  descend  in  the 
cylinder  I  have  been  describing;  and  as  it  would  be  sudreiently 
capacious  for  them  to  pass  up  and  do«n  in,  they  would  be 
quite  out  of  the  way,  «hich  in  many  eases  is  a  desideratum. 
The  expense  of  the  cjlinder  would  be  considerably  less  than 
the  most  eoninion  frame  could  be  put  uj)  for,  and  it  would 
answer  instead  of  steadying  columns,  without  which  gas-holders 
working  vertically  are  very  liable  to  swing  towards  one  side  of 
the  tank,  and  tailing  out  of  a  vertical  position,  to  hang,  or  to 
v«ork  very  unpleasantly. 

In  a  tank  of  thirly -five  feet  diameter  and  eighteen  feet  deep, 
the  gas-holder  will  hold  about  15,401)  cubic  feet  of  gas,  when 
constructed  with  the  framework,  &c.  in  the  usual  way.  IJy 
Mr.  Malam's  arrangement,  should  the  gas-holder  he  made  of 
the  same  diameter,  having  a  cylinder  of  live  feet  diameter  for 
the  balance-weights  to  work  in,  it  will  still  contain  15,001)  cubic 
feet,  so  that  its  capacity  is  not  thereby  considerably  lessened. 
39. 


By  it,  the  first  cost  of  erecting  a  gas-holder  of  15.000  cubic  feet 
capacity,  will  be  decreased  i"200,  or  £2.50.  It  will,  of  course, 
require  that  the  gas-holder  should,  in  this  ease,  be  made  so  as 
to  exhibit  in  the  plan  two  concentric  circles  ;  one  of  which 
would  be  the  diameter  of  the  gas-holder,  and  form  its  sides, — 
the  other,  or  interior,  that  which  clipped  rounil  the  cv  Under, 
and  of  so  nnich  greater  diameter  as  would  allow  it  to  slide  up 
and  down  upon  it  freely.  It  would  be  riveted  to  the  top  of  the 
gas-holder  in  the  same  way  as  the  outer  one,  and  made  lirm  by 
one  piece  of  angle  iron  going  round  its  top,  and  another  round 
the  bottom. 

But  this  gentleman,  on  pursuing  his  inquiries  still  further, 
proposed  to  work  the  gas-holder  without  using  chains  or 
balance-weights  ;  yet  in  such  a  way  as  to  have  the  pressure 
uniform  at  all  its  heights;  and  to  exemplify  the  possibility  of 
the  thing  being  elfccted,  he  constructed  models  of  dilferent 
dimensions.  By  describing  the  following  figure,  wbich  is  a 
vertical  section  of  this  gas  holder,  the  reader  will  understand 
the  principles  on  whi<:h  it  is  constructed  so  clearly  as  to  render 
it  (luile  familiar.     The  tank  for  this  gas-holder  is  in  all  respects 


similar  to  that  used  for  otliers  which  work  vertically.  It  is 
filled  with  water  to  the  height  expressed  by  the  dotted  line 
B  B.  C  is  the  pipe  which  brings  the  gas  into  the  gas-holder, 
and  D  the  pipe  of  exit  therefrom.  The  gas-holder  EFGH, 
when  of  15,000  cubic  feet  capacity,  is  constructed  of  No.  10 
wire-gauge  plate  iron.  It  is  concave-shaped  at  the  top,  in 
order  that  if  it  should  be  erected  in  (he  open  air,  no  lodgment 
of  water,  &.c.  may  remain  upon  it  so  as  to  increase  the  pres- 
sure. From  the  centre  of  the  bottom  of  the  tank  rises  a  cast- 
iron  column  I,  I,  of  about  thirty-live  feet  in  height ;  this  acts  as 
a  guide  for  keeping  the  gas-holder  in  a  vertical  position,  w  hicli 
is  elfccted  cither  by  a  pipe,  (whose  inner  diameter  is  about 
half  an  inch  more  than  the  outer  diameter  of  the  column,) 
bolted  to  the  top  of  that  vessel  inside,  and  braced  to  the  upper 
edge  thereof  by  a  sullicient  number  of  rods  as  K  K,  or  other- 
wise by  a  tube  of  plate-iron  of  the  same  dimensions  secured  in 
a  similar  manner.  At  the  centre  of  the  bottom  of  the  gas- 
holder is  placed  an  air-vessel  abed,  constructed  of  plate-iron, 
the  top  of  which  is  to  be  situated  at  such  a  height  as  to  he  level 
with  the  surface  of  water  in  the  tank  when  the  gas-holder  is  at 
its  greatest  rise.  This  air-vessel  is  to  be  of  the  capacity  of 
such  a  bulk  of  water  as  is  cijual  in  weight  to  the  actual  weight 
of  the  gas-holder,  less  the  pressure  it  may  be  intended  to  bo 
worked  at.  For  finding  the  dimensions  of  air  vessels,  for  gas- 
holders of  any  capacity,  is  subjoined  the  following 

i^f/e.— Given  the  diameter  of  the  gas  holder,  its  depth,  and 
weight,  together  with  the  pressure  at  which  it  is  intended  to  be 
5c 
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worked,  also  tlic  depth  proposed  for  tlie  air-vessel,  to  find  its 
diameter  :  — 

First :  — Find  the  area  of  the  base  by  squaring;  its  diameter  in 
inches,  anil  multipljing  tliat  square  by  the  area  of  unity  ,7854. 

If  the  tjas-holder  work  at  one  inch  pressure,  the  area  so 
found  will  be  the  number  of  cubic  inches  of  water  displaced, 
consequently,  multiplying  it  by  the  number  of  inches  of  pres- 
sure which  it  may  be  worked  at,  will  give  the  number  of  cubic 
inches  of  water  displaced  at  that  pressure. 

Divide  the  inches  so  found  by  1728,  which  will  reduce  them 
into  cubic  feet.  These  multiplied  by  1000  ounces,  the  weight 
of  a  cubic  foot  of  water,  gives  the  weight  in  ounces,  which  may 
be  reduced  into  tons,  &c.  in  the  usual  manner. 

Subtract  this  weight  from  the  weight  of  the  gas-holder,  and 
the  remainder  shews  the  «ei?ht  of  such  a  bulk  of  water  as  is 
equal  in  weight  to  the  absolute  weight  of  the  gas-holder,  less 
the  pressure  it  is  to  be  worked  at. 

Keduce  the  weight  last  found  into  ounces,  and  divide  by 
1000,  the  quotient  shews  the  capacity  of  the  air-vessel  in 
cubic  feet. 

Divide  the  capacity  of  the  air-vessel  just  found  by  its  depth 
iu  feet,  the  quotient  will  be  the  area  of  its  base  in  square  feet. 

Now  as  the  air-vessel  is  cylindrical,  to  find  its  diameter,  say 
As  355  :  452  :  :  so  is  the  area  to  the  square  of  the  diameter. 

The  square  root  of  the  last  result  is  the  diameter  required. 

Example. — Given  the  diameter  of  the  gas-holder  33  feet,  its 
depth  17  feet,  and  weight  3  tons  15  cwt. — It  is  to  be  worked  at 
inch-and-half  pressure,  the  depth  of  the  air-vessel  being  one 
foot,  to  lind  the  diameter  of  that  vessel : — 

First  33  feet  :=  396  inches. 

Then  396  x    396   X  ,7854  =  123163,2864  superficial  inches, 
the  area  of  a  circle  whose  diameter  is  33  feet  in  inches. 
123163,2861   x    IJ  =  184744  (nearly)   cul)ic   inches  of  water 

displaced  at  l^  inch  pressure. 
184744  -f-  1728  =:  107  cubic  feet  of  water  nearly  ;  107  cuhicfeet 

of  w  ater  is  equal  to  107000  ounces,  or  to  tous  2,  19,  2,  13. 
Then  tons  3,   15,  0,  0.— Tons  2,   19,  2,  13  z= 
Cwt.  15,   1,   15,  or  27568  ounces. 

'>-7o68-T-  1000  =1  27,568  cubic  feet,  the  capacity  of  the  air-vessel. 

27,568  -~   1  :=  27,568,  the  area  of  the  base  of  the  air-vessel  in 

.square  feet. 

To  find  the  diameter,  say 

As  .355  :  4.02  :  :  27,568  :  35,1,  the  square  of  the  diameter. 

"  v/  35,  1   =:  5,92  nearly,— 
therefore,   for  a  gas-holder  of  the  dimensions  and  weight  as 
above  given,  and  working  at  inch-and-half  pressure,  it  would 
require  an  air-vessel  one  foot  deep  and  five  feet  eleven  inches 
in  diameter. 

A  vessel  of  the  size  just  described  would  be  sufficient  so  to 
buoy  up  the  gas-holder  when  full,  as  to  allow  it  to  stand  at  a 
certain  pressure  ;  but  as  it  descends  into  the  water  in  the 
action  of  discharging  its  contents,  its  weight  would  decrease 
from  the  circumstances  explained  heretofore,  when  speaking 
of  gas-holders  working  by  weights  and  chains  ;  therefore,  unless 
the  air  confined  in  the  vessel  could  in  some  way  be  disposed 
of,  the  pressure  would  be  continually  changing.  To  obviate 
tliis  difficulty,  Malam  proposes  the  following  appendages 
to  the  gas-holder.  A  pipe  L  L,  of  eight  inches  diameter, 
equal  in  height  to  the  height  of  the  tank,  enclosing  within 
it  another  pipe  of  the  same  height  of  two  inches  diameter, 
marked  M  in  (he  figure.  From  the  pipe  M  there  is  a  com- 
munication to  the  vessel  N  by  means  of  the  small  bend-pipe  e. 
which  rises  to  nearly  the  top  of  that  vessel.  Through  the  lop 
of  the  closed  vessel  N  is  brought  the  vertical  pipe  A,  which 
descends  nearly  to  its  bottom,  and  rises  to  a  height  equal  to 
that  of  the  tank  of  the  gas-holder.  This  pipe  is  of  such  a 
diameter  as  to  make  it  equal  in  capacity  to  the  water  displaced 
by  the  gas-holder  when  (|uitc  down. 

In  forming  rules  for  calculating  the  capacity  of  the  compen- 
sating pipe  A,  and  the  vessel  N,  we  proceed  as  follows :  — 

First,  linil  the  circumference  of  the  gas-holder  thus,  as  7  : 
22  ::  the  diameter  to  the  circun.fereuce : — then  multiply  tlie 
circunifcreiice  by  the  depth  of  the  gas-holder,  and  that  again 
by  the  weight  of  a  S(|uare  foot  of  the  material  of  which  it  is  to 
be  formed,  adding  the  necessary  weight  for  rivets,  and  the 


weight  of  that  part  which  will  be  immersed  in  water,  will  be 

known.         To  find  its  bulk,  say 

As  the  specific  gravity  of  the  material  of  which  the  gas-holder 

is  composed 
Is  to  the  weight  last  found  reduced  into  ounces, 
So  is  one  cuhic  loot 
To  its  magnitude  in  cubic  feet. 

This  magnitude  divided  b)  the  height  of  the  pipe  A,  will  give 
the  area  of  its  base.  The  diameter  of  which  may  be  found  by 
the  rule  already  given  for  finding  that  of  the  air-vessel. 

Exiimjile. —  Given  the  diameter  of  the  gas-holder  33  feet,  the 
depth  to  which  it  is  immersed  in  water  17  feet,  the  weight  of  a 
square  foot  of  the  material  of  which  it  is  formed  (plate-iron) 
211)S.  11  oz.; — its  specific  gravity  being  7645, — to  find  the 
diameter  of  the  compensating  pip"  A.  ils  height  being  17  feet: 
First:  as  7  :  22  :  :  33  :   103,7  th      ircumference  103,7   x    17 

z=  1703  nearly. 
Then  1763  x  2ibs.  11  oz.  =  4838  lbs.,  to  which,  if  we  add 
702  lbs.  as  an  allowance  for  rivets,  &c.  we  have  5600Ibs.  or 
89600  ounces,  for  the  weiglit  of  that  part  of  the  gas-holder 
which  becomes  immersed  in  water.  To  find  its  bulk,  say 
As  7645  :  56'10  :  :  1  :  11,72  cubic  feet  nearly.  11,72-:-  17  ~ 
,69  (nearl) )  the  area  of  the  base  of  the  pipe  in  question. 

For  the  diameter. 
As  355  .  452  :  ,69  :  :  ,8785  the  square  of  the  diameter 

2,7,8785=:  ,937,  or  UJ  inches  nearly.  Therefore  tlie 
compensating  pipe  for  such  a  gas-holder  would  require  to  be 
11 J  inches  in  diameter. 

As  the  vessel  N  is  connected  by  the  bend  e  to  the  upright 
pipe  M,  and  that  to  the  air-vessel  by  the  pipe  O,  (which  rises 
and  falls  with  the  gas-holder  between  the  pipes  L  and  i\I,  the 
space  being  filled  "iih  wa'.er  so  as  to  form  an  hydraulic  joint,) 
and  the  small  pipe  P  P.  v\hieh  runs  along  the  top  of  the  gas- 
holder, and  from  its  centre  descends  into  the  air-vessel,  it  will 
be  evident  that  if  this  gas  holder  be  brought  into  action,  it  must 
be  prepared  for  use  in  the  following  manner.  We  will  sup- 
pose the  gas-holder  to  be  down  in  the  tank,  which  is  filled  with 
water.  The  pipe  L  L  is  also  filled  with  water  to  within  a  lew 
inches  of  the  top.  Then  into  the  vessel  N  let  the  water  be 
poured  by  means  of  the  upright  pipe  A  till  it  runs  out  at  the 
cocky',  that  cock  being  situated  at  such  a  height  as  will  indi- 
cate, when,  by  pouring  in  more  water,  it  would  descend  in  the 
bend  e.  Things  being  thus  prepared,  attach  the  condensing 
apparatus  to  the  cock  /',  whicli  is  fitted  with  a  screw  for  receiv- 
ing it,  and  inject  air  till  such  time  as  tlie  water  from  the  vessel 
N  rises  to  the  same  height  in  the  pipe  A  as  it  is  in  the  tank  of 
the  gas-holder.  Wlien  such  is  the  case,  part  of  the  vessel  N, 
from  the  top  to  the  dotted  line  <?,  will  be  filled  with  air,  as  will 
also  the  bend  e,  the  pipes  M  and  O,  and  the  small  pipe  P. 
Whilst  this  is  perlorming,  it  is  evident  that  the  air  will  be 
thrown  into  the  air-vessel  ;  for  if  we  suppose  the  water  to  have 
risen  to  the  same  level  in  the  pipe  A,  that  it  is  in  the  tank, 
there  musi  be  the  same  pressure  upon  the  air  in  the  vessel  N, 
as  in  the  air-vessel  abed,  and  the  air  will  be  equally  condensed 
in  each.  But  as  the  air-vessel  will  not  then  be  filled  with  air,  it 
must  be  considered  under  like  circumstances  with  a  vessel  of 
any  sort  inverted  into  water.  If  a  vessel  be  pushed  or  let  down 
to  any  depth  in  that  fiuid,  then  by  the  pressure  of  the  water 
some  of  it  will  ascend  into  the  vessel,  but  not  so  high  as  the 
water  without,  and  will  compress  the  air  into  less  space,  accord- 
ing to  the  dillcrence  between  the  heights  of  the  internal  and 
external  water.  Should  the  tank  be  about  thirty-four  feet  in 
depth,  the  air-vessel  would,  with  such  pressure,  have  the 
weight  of  two  atmospheres  upon  it,  and  the  air  therein 
would  be  compressed  into  one  half  the  space  it  would  occupy 
when  the  gas-holder  had  risen  to  its  greatest  height,  and  the 
top  of  the  air-vessel  was  level  with  the  surface  of  water  in  the 
tank.  This  compression  would,  in  a  similar  ratio,  be  increased 
or  diminished  with  a  greater  or  less  depth.  Considering 
these  points,  it  follows  that  the  capacity  of  the  vessel  N  must 
be  such  as  to  contain  a  sufficiency  of  water  for  filling  the  pipe 
A  between  about  two  inches  below  the  top  of  the  bend  e,  and 
as  much  above  the  bottom  of  the  pipe  A,  when  the  gas-holder 
is  worked  at  inch-and-half  pressure.  The  cock/ being  shut, 
and  the  condensing  apparatus  removed,  if  gas  be  allowed  to 
enter  into  the  gas-holder,  the  vessel  will  be  caused  to  rise  in  the 
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tank,  and  as  it  rises  the  column  of  water  in  tlie  pipe  A  is 
depressed,  and  the  air  out  of  the  vessel  N  passes  into  the  air- 
vessel  abed,  thus  inereasinK  the  buoyancy  of  the  i;as-holder  in 
proportion  to  its  rise,  till  it  has  attained  its  greatest  height,  and 
then  all  the  air  has  been  discharged  from  the  vessel  N  into  the 
air-vessel.  This  contrivance  is  well  adapted  lor  keeping  up  a 
resularity  of  pressure,  and  extremely  simple  in  operation. 

There  have  not  been  wanting  other  contrivances  for  working 
gas-holders  by  means  of  air-vessels,  as  Mr.  Perks's,  in  which 
the  air-vessel  was  closed,  and  attached  to  the  interior  of  the 
lower  edge  of  the  gas-holder,  and  so  constructed,  that  by  the 
opening  and  shutting  of  valves  to  increase  or  diminish  the 
pressure,  by  the  admission  of  water,  or  by  letting  in  of  air. 
Another  patent  was  olitnined  in  \8I9,  by  Mr.  Outliett,  of  Lam- 
beth, for  a  gas-holder  uorking  with  air-vessels.  His  plan 
difl'ers  from  both  the  former.  The  vessel  for  giving  buc:yancy 
to  the  gas-holder,  being  constructed  of  strong  materials,  is 
closed,  and  the  air  in  it  condensed  to  a  very  considerable 
degree,  whilst  the  other,  which  answers  for  the  compensating 
apparatus,  is  open.  Both  these  vessels  are  placed  a  little 
above  the  centre  of  gravity  of  the  gas-holder. 

In  addition  to  the  list  oi' gas-holders  is  one  of  Clegg's  inven- 
tion, with  a  very  shallow  tank,  into  wliiih  the  lower  edge  is 
immersed.  This  gas  holder  occupies  a  greater  area  of  base 
than  such  as  have  already  been  mentioned.  When  it  is  full  of 
gas,  the  end  view  is  represented  by  an  equilateral  triangle,  the 
bearings  being  from  the  angle  op[)osite  to  the  base.  Tin's  gas- 
holder is  so  constructed,  that  the  sides  have  a  tendency  to 
olose  with  each  other,  and  therefore  when  the  vnlve  of  supply 
is  opened,  such  tendency  expels  the  gas.  In  this  gas-holder  it 
is  evident,  that  some  part  of  each  end  must  be  constructed  of 
flexible  materials.  It  is  known  to  the  gas-light  manufacturer 
by  the  terra  "  Collapsing  Gas-holder." 

Various  Ki»ds  of  Valves,  Si/phons,  and  Tar  Wells. — The 
necessity  of  adopting  elf'ectual  means  for  shutting  off  all  com- 
munication between  the  gas-holder  and  street-mains,  as  well  as 
from  one  ramilication  of  main  to  another,  sncgested  the 
propriety  of  introducing  valves  upon  the  line  of  main-pipes. 
Those  originally  used  by  the  gas-light  companies  were  slide 
valves,  similar  to  what  are  used  by  the  water  companies;  but, 
such  have  now  been  long  out  of  general  use  ;  and  hydraulie.  or 
pneumatic,  valves,  or  comliinations  of  both,  have  supplied 
their  place.  The  valve  seems  to  have  undergone"  more 
changes  in  its  structure  than  almost  any  other  part  of  the  gas- 
light apparatus  ;  it  appears  to  have  been  within  the  reach  of 
most  men,  and,  according  to  the  abilities  exerted,  it  has  been 
altered.  In  some  cases,  change  appears  to  have  been  the  sole 
object  in  view,  for  alterations  which  did  not  lessen  the  expenses 
of  construction,  decrease  tlie  dimensions  of  the  valve,  or  render 
it  more  effective,  could  not  be  termed  improvements. 

It  will  not  be  necessary  to  take  up  time  in  describing  all  the 
various  kinds  of  valves  which  have  been,  and  are  now  used. 
We  shall  describe  but  two,  namely,  an  hydraulic  and  a  pneu- 
matic valve;  the  former  being  well  adapted  for  use  in  the 
manufactory,  and  the  latter  for  the  street-mains.  The  annexed 
figure  is  a  vertical  section  of  an  hydraulic  valve,  invented 
by  Malam,  which  is  particularly  useful  in  the  connexions  about 
the  purifying  vessels,  and  on 
theworks.  Thisvalveis  cylin- 
drical. Handled  at  top  and  bot- 
tom, and  cast  with  a  llanch 
quarter  bend  projecting  up- 
wards, from  one  side  of  the 
diameter  reijuired.  At  the  bot- 
tom is  bolted  a  double  cup, 
which  rises  to  the  height  of  the 
lower  part  of  the  bend  just 
mentioned.  Through  the  cen- 
tre of  this  cup  is  an  opening  of 
the  same  diameter  with  the 
bend.  This  centre  part  pro- 
jects a  few  incites  lielow  the 
bottom  of  the  valve,  and  is  fur- 
nished with  a  Hanch  for  joint- 
ing it  to  the  pipe  by  which  the 
gas  is  brought  into  it.    Through 
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the  bottom  of  the  valve  is  brought  a  bend  of  wrough(-iron  tube, 
as  expressed  in  the  figure,  which  is  connected  to  an  upright 
pipe  of  the  same  material,  rising  to  the  top  of  the  valve,  for 
introducing  water  into  the  double  cup.  the  top  of  this  supply- 
ing pipe  is  covered  with  a  cap,  which  is  screwed  on,  save  when 
it  may  be  necessary  to  furnish  a  supply  of  water.  The  top  of 
the  valve  is  covered  with  a  blank  flanch,  which  is  jointed  and 
secured  thereto  by  screw-bolts  in  the  usual  way.  At  the  cen- 
tre of  the  top  is  fixed  a  stulling-box.  the  bottom  of  which  is 
tapped  for  receiving  the  square  thread  lifting-screw.  This 
screw  is  surrounded  by  a  wrought-iron  case  with  a  thread 
inside  lor  receiving  it.  The  case  is  moveable  in  the  stuffmg 
box,  and  of  sufficient  height  to  allow  the  lifting-screw  to  rise  to 
the  greatest  height  that  may  be  required.  It  is  furnished  with 
two  handles,  which  with  it  serve  as  a  wrench  for  raising  or 
lowering  the  screw.  The  bottom  of  this  screw  is  secured  to  a 
double  inverted  cup,  as  shewn  in  the  figure,  and  therefore  that 
is  lilted  or  lowered  with  it.  The  inverted  cup  is  so  construct- 
ed, as  when  let  down  to  fall  between  the  two  circles  forming 
the  lower  one;  and  thus,  if  «e  suppose  the  bottom  cup  to  be 
nearly  (illed  with  water,  and  the  upper  one  immA-rsed  into  it, 
it  follows  that  the  valve  so  constructed  is  capable  of  sustaining 
double  the  pressure  of  that  which  is  constructed  with  but  a 
single  cup.  and  under  si:eh  arrangment  it  will  not  occupy  more 
than  half  the  room  of  the  former,  to  be  equally  elfective. 

It  may  be  worthy  of  remark,  that  the  objections  to  the  suffi- 
ciency of  this  valve  have  been  most  fully  answered  by  the  expe- 
rience of  several  years.  The  action  and  counter-action  of  the 
inner  and  outer  of  the  lower  cups  being  reciprocal  between  each 
other,  as  must  appear  evident  on  examining  the  figure,  renders 
it  altogether  sale.  Fig.  f,  is  a  plan  of  this  valve,  which,  from 
what  has  been  said,  does  not  require  fur- 
ther description.  Fig.  2,  is  a  vcitical 
section  of  Malam's  pneumatii'  valve,  which 
from  the  stuning-box  at  the  top,  to  the 
step  for  the  spindio  at  the  bottom,  is 
somewhat  more  than  twice  the  diameter 
of  the  main  on  which  it  is  to  be  used. 
Thus,  for  instance,  from  the  top  to  the 
bottom  inside  of  a  foiirleen-inch  valve  of 
this  description,  will  be  about  three  fccf, 
and  in  a  similiar  proportion  for  smaller  or 
larger  ones.  The  body  of  the  valve  is 
S(|uare,  as  shewn  in  the  plan,  a  few  inches 
from  the  top  of  which  is  at  one  side  a 
socket,  and  in  a  direct  line  with  that  is 
jrj„_  2.  placed  at  the  other  side  a 

spigot,  in  order  that  it  may 
be  introduced  into  the  range 
of  main-pipe  as  necessity 
requires.  The  inner  faces 
of  the  socket,  as  well  as 
spigot,  project  about  an  inch 
inward,  and  require  to  be 
chipped  and  filed  so  as  to 
present  pcrlectly  plane  sur- 
faces. Through  the  top  of 
the  valve,  which  is  fitted 
with  a  stuffing-box,  is  intio- 
diiced  the  spindle,  in  such 
a  way  that  the  lower  end  of 
it  tests  in  the  step  at  the 
bottom  of  the  valve,  and  the 
boss  beneath  braiis  couplings,  or  a  colbir  in  the  bottom  of  the 
stulling-lMix.  So  that  wlien  the  stufliog  box  is  fitted,  and  the 
glan  bolted  down,  should  the  wrench  or  key  be  appli<'d  to  the 
square  top  of  the  spindle,  itviill  turn  freely  round,  but  without 
being  raised.  If  we  then  suppose  the  valve  to  be  open,  as 
shewn  in  the  figure,  theic  will  rest  upon  the  bottom  two  wedsc- 
shaped  pieces  with  their  points  dow  nwards,  and  between  them 
the  frustum  of  a  square.  The  spindle  passes  through  the  latter, 
which  is  fitted  with  a  screw  for  receiving  it,  and  it  is  thereby 
rais<d  or  lowered,  and  the  valve  shut  or  opened.  I'pon  the 
centre-piece,  at  a  convenient  ilislance  from  the  tiq>,  is  bolted  a 
spriniT,  which  is  also  connected  to  the  side-pieces,  so  as  to  act 
between  the  top  of  tliem  aud  the  fastcaing  bolt.     In  its  natural 
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position  it  has  a  tendency  towards  drawins;  the  side-pieces 
too'cther,  and  of  pushing  llie  middle  one  downwards.  This 
contrivance  allows  the  tliree  pieces  to  be  lifted  ton;etlier, 
without  being  rubbed  against  the  inside  of  the  valve,  till  the 
outer  pieces  touch  the  top.  The  further  ascent  of  the  outer 
pieces  being  then  arrested,  the  middle  one  continues  to  be 
raised  by  the  screw  till  they  are  completely  wedged  up  against 
the  interior  of  the  socket  and  spigot.  And  as  these  wedge- 
shaped  pieces  are  faced  with  cork  or  leather,  the  pressure  can 
be  carried  to  such  pitch  as  ell'ects  an  air-tight  joint  upon  each, 
thus  elleclually  preventing  the  passage  of  the  smallest  portion 
of  gas.  When  the  valve  is  in  such  position,  the  spring  will  be 
elongated  horizontally,  and  so  remain  till  the  screw  is  turned 
for  lowering  the  interior  pieces,  when  it  again  resumes  its 
former  shape,  and  thus  draws  the  side-pieces  towards  each 
other,  and  pushes  the  middle  one  downwards.  The  annexed 
figure  is  a  plan  of  this 
valve.  It  exhibits  the 
flanch  to  which  the  top 
is  bolted,  the  socket  and 
spigot  shewn  in  the  for- 
mer section,  and  the  top  of 
the  inner  pieces  with  the 
facings  of  cork.  That 
this  is  an  elVcetive  and 
simple  valve,  appears  evident  from  barely  inspecting  the 
figure.  It  is  of  small  size,  and  can  be  got  up  at  a  very  trilling 
expense,  when  compared  with  others  more  generally  adopted. 

Syphons  are  of  tw  o  kinds  :  the  larger  sort  are  distinguished  by 
their  diameters,  two,  three,  or  four  inches,  &e.  syphons  ;  the 
smaller,  w  kieh  are  used  on  the  service-pipes,  are  generally  term- 
ed "  gun-barrel  syphons,"  or  "  bottle  syphons."  The  shape  of 
the  vessel  itself  is  similar  in  each  case,  but  the  furniture  and  use 
are  dill'erent.  The  larger  sized  syphon  is  a  east  iron  cylin- 
rical  vessel  of  about  a  loot  deep,  and  of  the  diameter  inside 
agreeable  to  its  distinguishing  name.  It  is  llanchcd  round  the 
top,  and  to  this  llanch  is  bolted  a  blank  llanvh.  Through  the 
centre  of  the  blank  llanch  a  hole  is  drilled  and  screwed  for 
receiving  a  piece  of  wrought-iron  tubing,  which  descends 
nearly  to  the  bottom,  and  piojecio  a  few  inches  above  the  fop. 
Another  piece  of  similar  tubing  is  bent  and  screwed  also  into 
the  tO|);  thence  rising  nearly  perpendicular,  it  is  connected  to 
the  bottom  of  the  main-pipe,  from  thence  the  water  of  conden- 
densation  descends  by  it  into  the  syphon. 

The  gun-barrel  syphon  is,  in  shape,  nearly  similar  to  Ihat 
just  described,  but  its  dimensions  are  much  smaller;  namely, 
ahoiit  eight  inches  deep,  and  four  in  diameter. 

The  tar-well,  is  a  cylindrical  vessel  of  about  fen  inches 
diameter  inside,  by  twelve  inches  deep,  when  used  upon  all 
mains  of  less  than  ten  inches  diameter;  but  when  it  is  used 
upon  larger  mains,  the  diameter  of  the  body  of  the  tar-well 
must  be  about  two  inches  greater  than  the  diameter  of  such 
main.  This  vessel  is  cast  with  a  socket  at  one  side,  and  a 
spigot  at  the  other,  similar  to  those  of  the  pipes  with  whi(di  it 
is  to  be  used  ;  therefore,  a  tar-well  with  a  socket  and  a  spigot, 
similar  to  a  two-inch  pipe,  is  called  a  two-inch  tar-well,  one 
for  a  three-inch  pipe,  a  three-inch  far-well,  and  so  on. 

Jilaiiis  and  Dislribulintj  /'//jm.  — In  the  present  supplement 
to  the  Encyelopsdia  Urilannica,  it  is  stated,  that  a  pipe  of  an 
inch  bore  will  supply  100  jets  ;  but  it  ought  to  be  observed,  that 
this  only  holds  in  peculiar  circumstances.  If  we  suppose  a 
pipe  of  the  above  dimensions  extended  for  300  yards  from  the 
point  of  supply,  we  shall  lind  that  the  jets  will  gradually  dimi- 
nish in  intensity  of  light  towards  the  extremity  of  such  a  pipe. 
It  is,  therefore,  safer,  even  in  point  of  economy,  to  calculate  on 
the  pipes  being  something  above  rather  than  below  this  state- 
ment, between  the  supply  and  cpiantity  of  light. 

A  want  of  experience  on  this  branch  of  the  establishment,  and 
an  increased  demand  for  gas  beyond  what  was  calculated  upon, 
lias  frequently  created  great  trouble  as  well  as  very  serious 
loss,  not  only  in  the  works  here,  but  in  several  of  those  in 
England.  Accordingly,  in  some  cases  they  have  been  obliged 
to  lift  and  relay  pipes  of  addilioiuil  bore,  and  in  others  to  lav 
down  additional  subsidiary  mains.  This  has  at  no  lime  arisen 
from  any  deposition  of  crystals  or  other  matter  in  the  pipes, 
fco  as  to  contract  the  area,  but  froiu  want  of  suflicicnt  practice 


to  shew  what  dimensions  under  dilTcrent  local  circumstances 
would  be  needful,  and  from  the  increased  demand  alluded  to. 
Should  you,  therefore,  suppose  that  an  increase  of  light,  to 
the  extent  of  10,000  jets,  would  take  place  in  a  few  years,  it 
would  then  be  prudent  that  the  mains  for  the  proposed  esta- 
blishment should  not  be  less  than  19inches  in  diameter,  and  that 
the  other  distributing  pipes  in  the  various  streets  of  the  town 
be  proportioned  in  the  same  ratio  ;  and  this  must  be  obtained 
by  a  survey  of  the  shops  and  other  establishments  where  gas- 
lights may  be  supposed  to  be  taken  in. 

Valves  and  Water  Traps. — The  water  valves  which  we  should 
recommend  as  preferable  to  any  other  yet  in  use  for  shutting 
oil  the  gas,  must  also  be  proportioned  to  the  area  of  the  pipes, 
where  it  shall  be  found  needful  to  place  them ;  and  these,  in  all 
cases  vihere  they  are  needful,  will  serve  not  only  as  stop 
valves,  but  as  drips  to  carry  off  the  condensed  vapours  that 
collect  in  the  pipes  in  a  liquid  form.  The  number  of  these 
necessary  must  also  be  ascertained  by  actual  survey,  and  from 
the  inclination  of  the  streets. 

Servicf  and  Inside  Pipes. — The  service  pipes  that  branch  off 
from  the  distributing  ones,  to  convey  the  gas  within  such 
premises  as  are  to  be  lighted,  may'  be  of  cast-iron,  varying 
from  :|  to  1.;  inch  bore,  and  upwards,  as  the  quantity  of  light 
to  be  supplied  may  determine.  The  pipes  that  have  hitherto 
been  fitted  up  for  shops  and  other  manufactories,  have  for  the 
most  part  been  of  wrought  iron,  which  have  been  found  to 
answer  better  than  copper  ones,  which  were  at  first  in  use  ; 
but  of  late,  block  tin  pipes  have  superseded  in  a  coniderable 
degree  the  others.  Pipes  of  this  description  have  advantages 
which  strongly  recommend  them  to  consumers,  and  to  manufac- 
turers of  gas.  They  are  not  acted  upon  by  the  gas  so  as  to 
be  corroded,  nor  does  any  matter  adhere  to  their  interior; 
consequently,  any  complaints  or  trouble  that  formerly  occurred 
from  these  sources  will  be  completely  obviated. 

Burners. — Argand  burners  of  three  dillcrent  sizes,  and  jets 
of  dilierent  figures,  are  pretty  generally  in  use.  Each  jet  is 
equal  to  the  intensity  of  light  of  a  candle  and  half,  weighing  six 
in  the  pound,  and  will  consume  about  one  cubic  foot  of  coal 
gas  per  hour.  The  No.  1  argand  burner  is  etpial  in  intensify 
of  light  to  three  of  these  jets,  and  will  consume  only  about  two 
cubic  feet  of  gas  per  hour.  The  light  derived  from  such  a 
burner  being  much  greater  in  proportion  to  the  gas  consumed, 
than  in  burners  of  the  jet  form,  some  would  strongly  recom- 
mend that  argauds  as  much  as  possible  be  used,  as  a  matter  of 
material  inteiest  to  a  gas  company,  and  of  comfort  to  the 
community.  Some  of  the  works  in  England,  aware  of  this," 
give  out  none  but  argand  burners  to  their  customers,  except  in 
cases  where  they  use  meters. 

Apparatus  for  the  froduetion  of  Gas  far  Illumination,  from 
Oil,  Sc — For  the  more  general  diliusion  of  the  benefits  arising 
from  the  use  of  gas-lights,  where  houses  and  manufactories  are 
at  a  distance  from  towns,  and  where  coals  are  scarce,  and  room 
scanty,  Messrs.  Taylor  and  Martineau,  some  years  ago,  in- 
vented and  brought  to  great  perfection,  an  apparatus  whereby 
every  purpose  of  economy  is  answered,  and  a  most  beautiful 
and  splendid  light  is  obtained  merely  from  the  distillation  of 
impure  oils,  grease,  &c. 

A  general  idea  of  the  process  may  be  formed  from  the  fol- 
lowing account: — A  quantify  of  oil  is  placed  in  an  air-tight 
vessel,  in  such  a  manner,  that  it  may  fiow  into  retorts  which 
are  kept  at  a  moderate  red-heat ;  and  in  such  proportions,  as 
may  regulate  the  production  of  gas  to  a  convenient  rate,  which 
may  be  easily  governed  by  the  will  of  the  operator. 

The  oil,  in  its  passage  through  the  retorts,  is  decomposed, 
and  converted  into  gas  proper  for  illumination,  having  the 
great  advantages  of  being  pure  and  free  from  sulphurous  con- 
tamination, and  of  supporting  a  very  brilliant  tlaine,  with  the 
expenditure  of  very  small  <piantities.  It  will,  however,  gene- 
rally be  found  that  some  oil  passes  olf  in  the  state  of  vapour, 
without  being  decomposed  ;  and  in  order  to  condense  this, 
and  relurn  it  again  into  the  oil  vessel,  the  gas  is  made  to  pa.ss 
through  a  vessel  immersed  in  water,  by  w  hich,  and  its  exit  by 
a  worm,  the  vapour  is  condensed  again  into  oil,  and  Hows  at 
once  into  the  oil  cistern,  so  as  to  come  again  into  use  in  the 
retorts.  As  a  furlhiT  precaut  on  to  purify  the  gas  from  oil, 
which  may  be  suspended  in  it  in  the  state  of  vapour,  it  is  coO'. 
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veyetl  into  a  wnsli  vessel,  where,  by  bubbling  through  wafer,  it 
is  further  cooled  and  rendered  lit  for  use ;  and  passes  by  a 
proper  pipe  into  a  gasometer,  from  which  it  is  sullcred  to 
branch  oil  in  pipes  in  the  usual  manner. 

An  apparahis,  lit  lor  a  large  establishment,  and  capable  of 
produi-ing  from  l,(iOO  to  1,«U0  cubic  feet  of  gas  at  one  ope- 
ration, rc(iuires  only  llie  cleaning  out  the  retorts,  which  be- 
comes necessary  from  time  to  time,  from  the  accumulation  of 
a  certain  quantity  of  carbonaceous  matter.  This,  and  Ihe 
necessary  attention  to  keep  up  a  moderate  fire,  is  the  only 
ttouble  whirl)  attends  the  use  of  the  apparatus;  and  the  tiiuc 
requited  for  the  production  of  tiiC  above  quantity,  would  in 
general  be  about  six  hours.  The  number  of  lights  which  would 
be  supplied  b\  l,H(iO  cubic  feet  of  oil  gas,  reckoning  thai  (hey 
were  argmd  burners,  and  emploied  for  four  hours,  would  be 
about  300,  and  giving  a  light  i(|Mal  to  from  3,000  to  3,(J00 
mould  candles.  In  order  to  adapt  them  to  dilferenl  establish- 
ments reijuiiiiig  smaller  quantities  of  light,  and  to  fit  them  for 
private  houses,  they  may  he  made  of  various  .sizes,  accommo- 
dated to  dillereut  degrees  of  power,  and  suitable,  by  the  small 
space  they  occupy,  for  situations  wliere  much  room  cannot  be 
spared.  One  capable  of  furnishing  gas  for  from  12  to  20 
argand  lights,  may  be  conveniently  placed  in  a  small  kilelicu 
fire-place,  and  will  occupy  a  space  of  four  feet  by  three,  and  a 
height  of  about  eight  feet. 

For  private  houses,  a  gasometer  should  not  contain  less 
than  from  80  lo  100  cubic  fi-et,  and  for  larger  establishments, 
they  should  contain  from  300  to  600.  There  are  great  advan- 
tages in  having  the  gasometer  as  large  as  circumstances  will 
admit;  in  the  (irst  place,  Ihe  demand  of  the  longest  night  in 
winter  should  be  proviiled  for,  and  the  increased  consumption 
occasioned  by  lighting  the  greatest  number  of  rooms  for  com- 
pany. In  the  second  place,  both  the  trouble  and  expense  of 
the  gas  is  diminished  by  having  a  reservoir  sulliciently  capa- 
cious to  hold  some  days'  ordinary  consumption,  by  whic-h,  as 
the  gas  improves  by  keeping,  it  is  most  convenient  and  econo- 
mical to  have  to  make  it  but  once  or  twice  a  week. 

In  a  private  house,  where  three  or  four  rooms  are  ade- 
quately lighted,  and  where  a  small  llame  is  kept  burning  all 
night  in  a  bed-chamber,  it  has  been  found  that  from  20  to  30 
cubic  feet  of  oil-gas  is  sullicicnt;  and  therclore,  a  gasometer 
containing  100  feet  will  give  a  supj^ly  for  four  nights.  Sueli  a 
gasometer  will  be  about  six  feet  long  and  four  wide,  and 
rather  more  than  four  feet  high.  One  for  400  cubic  feet  may  be 
ten  feet  long,  and  seven  wide,  and  about  six  high.  There  is 
no  occasion  that  a  gasometer  should  be  placed  near  the  other 
parts  of  the  apparatus. 

Gas  I.u/ht.  We  will  now  give  Professor  Leslie's  exami- 
nation of  the  illuminating  powers  of  oil  and  coal-gas,  having 
she»n  the  manner  in  vvhich  each  is  prepared  and  dispensed  in 
cities.  The  Professor's  experiments  were  made  at  the  request 
of  the  Edinburgh  gas  liglit  company,  and  arc  conlined  to  two 
points  :  Isl,  The  comparative  density  of  the  gases  :  2dly,  Their 
relative  powers  of  illuminating. 

"  1st,  The  density  of  your  coal-gas  commonly  does  not 
much  exceed  iix  tcnlhs  of  that  of  atmospheric  air:  When  I 
began  the  operations,  its  density  was  only  ■ijl>3 ;  hut  it  was 
afterwards  filH,  and  is  now  -623.  In  winter  I  once  found  it  to 
be  'CSO,  and  at  another  time  as  high  as  -700,  though  it  was 
oftencr  at  -(jOO.  The  variation  seldom.  I  presume,  exceeds  the 
eighth  part.  A  small  quantity  of  oil-gas,  procured  for  the 
experiments,  I  found  to  have  the  specilic  gravity  of  only  (iT-J, 
not  greater  indeed  than  that  of  your  coal-gas,  when  made  from 
the  best  coal.  The  oil-gas,  however,  fuinislied  by  Mr.  Milne, 
manufactured  on  a  small  scale,  and  apparently  with  great 
care,  at  his  «orks,  was  materially  denser,  being  as  high  as 
•943,  tht/ugh  on  a  fornwr  occasion  I  found  it  to  be  only  810. 
If  we  assume  in  round  nundjcrs  the  density  of  coal  and  oil 
gas  to  be  sixand  nine-tenths  of  that  of  atmospheric  air,  it  is 
easy  to  compute,  that  under  the  pressure  of  half  an  inch  of 
water,  the  quanlitiis  discharged  from  the  burner  No.  1.  of  the 
oil. gas,  which  contains  ten  holes,  each  having  the  1-lOlh  of  an 
inch  in  diameter,  would  be  respectively  4J  and  3  8-9 cubic  feet. 
The  quantifies  actually  consumed,  however,  arc  only  about  the 
halves  of  these  measures,  because  the  aperture  is  ahvavs  con- 
tracted by  partly  shutting  the  cock  to  bring  the  llame' to  the 
40. 


same  standard  height.     When  the  (lame  is  thus  regulated,  I 

lind  the  consumption  of  the  same  gas,  and  with  the  same 
burner,  always  the  same,  whatever  may  be  the  load  placed  on  the 
gasometer.  For  instain^e,  after  iuerea-.ing  the  load  four  times, 
and  conse(|Ucnlly  doubling  the  velocity  of  discharge,  vet  OD 
adjusting  the  cock  so  as  to  reduce  the  llame  to  its  former 
height,  the  expenditure  of  the  gas  was  not  altered. 

"  2dly.  The  illuuiinating  powers  of  the  two  gases  were  mea- 
sured with  great  accuracy,  by  the  application  of  my  photome- 
ter, which  1  had  somewhat  modified  to  exclude  every  irregular 
inlluence  of  heat.  The  indications  were  steady  and  easily 
noted,  nor  could  the  judirment  of  the  observer  be  liable,  as  in 
other  cases,  to  any  sort  of  bias  or  indecision.  It  hence  appears 
to  be  ascertained,  that  with  the  same  burner  the  powers  of 
illumination  of  dillereut  gases,  and  of  the  same  gas  in  dillerent 
states,  are  very  nearly  proportional  to  tliiir  densities.  The 
same  uriyht  of  gas  of  any  kind  gives  out  the  same  quantity  of 
light;  but  if  equal  bidlts  be  taken,  the  illuminating  powers  fol- 
low the  ratio  of  their  densities.  But  Ihe  quantity  of  light 
emitted  is  imt  uniforndy  proportional  to  the  measure  of  the  gas 
expended.  A  certain  burner,  for  instance,  was  observed  to 
produce  double  the  illuminating  eD'ect,  though  it  consumed 
only  one-half  more  of  either  species  of  gas.-  \\\\\\  No.  1.  of 
the  oil-gas  burner,  the  relative  illumination  of  Mr.  Milne's  oil- 
gas  to  that  of  your  coal-gas,  was  found  to  be  as  six  to  five. 
But  a  cubic  foot  of  the  former  lasted  thirty-eight  minutes, 
while  a  cubic  foot  of  the  coal-gas  was  spent  in  thirty  minutes 
and  a  half.     The  relative  vo- 

lunies  consumed   were   hence  ••"*  ""*  Burner, 

in  the  space  of  an  hour  1-58 
and  l'U7,  or  in  the  ratio  of 
four  to  five.  Wherefore  while 
live  cubic  feet  of  coal-gas  give 
five  degrees  of  light,  four  cubic 
feet  of  the  best  oil-gas  give  six 
degrees  ;  that  is.  for  equal  vo- 
lumes the  illuminating  power 
of  the  oil  to  the  coal-gas  is  as 
tliree  to  two.  The  same  con- 
clusion was  obtained  on  pass- 
ing those  several  gases  suc- 
cessively through  the  argand 
coal-gas  burner  No.  2.  Thus 
the  illumination  of  oil  gas  is 
actually  less  than  the  half  of 
what  has  been  currently  as- 
serteil." 

The  advantages  of  oil-gas  are,  that  being  free  from  sulphcr- 
efted  hydrogen,  it  will  not  injure  metallic  goods,  pictures, 
elegant  bindings  of  books,  or  gilded  furniture  of  any  desciip- 
tion  ;  and  will  give  out,  when  burning,  oid>  one  half  the  heat 
of  coal-gas.  And  the  further  advantages  arising  from  the 
portable  form  in  wliieli  it  is  now  olfered  are — InI,  That  from 
being  moveable,  a  less  quantity  of  light  will  be  required  in  an 
ajiartment  than  when  the  light  is  fixed  in  one  place.  2dlr, 
That  it  is  capable  of  being  economized,  as  a  great  or  small 
number  of  the  lamps  may  be  lighted,  and  the  strength  of  the 
fiame  diminished  or  increased  at  pleasure;  the  customer  pay- 
ing for  no  more  gas  than  is  used.  And,  3dly,  That  the  gas 
may  be  used  in  situations  where  it  is  impossible  in  any  other 
manner  to  convey  gas  lights. 

I'ortahle  Gas  l.timp. — The  following  figure  exhibits  a  difl"crent 
plan  for  burning  gas,  contained  in  a  portable  vessel,  with  an 
equal  name.  A,  B,  C,  I>,  is  the  vessel,  E  the  opening  at  which 
Ilie  gas  is  forced  in,  by  means  of  a  pump,  and  F  is  the  j^-t  at 
which  it  escapes  and  is  consumed.  'H,  1,  is  a  bar  ;o  support 
the  gas  tube  K,  S,  L,  open  only  at  one  end.  The  space  from 
K,  to  the  lloat  P,  contains  mercury.  The  two  floats,  I'  and  K, 
are  connected  by  the  string  or  chain  X,  Y  ;  and  to  the  top  of 
the  float  R  the  stout  wire  '/,  Z,  Z.  is  attaehed  perpcndieulaily. 
To  the  top  of  this  wire  is  aflixed  a  cubical  piece  of  metal, 
shaped  on  n// .(iV/cs  like  a  wedge.  This  is  contained  in  a  kip'! 
of  box  marked  3,3,3,3,  which  is  also  shaped  wedge-like,  but 
with  a  greater  angle  at  the  bottom  ;  4,  4,  are  two  metal  plates, 
each  exactly  the  same  size  as  one  side  of  the  box.  These 
plates  are  to  be  pushed  backwards  or  forwards  by  the  screws 
5  D 
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6,5,  till  the  aperture  is  adjusted, 
«heii  the  ends  of  the  screws  may 
be  cut  oil'.  Now,  suppose  the  cubi- 
cal vessel  A,  B,  C,  D,  empty  of  fias, 
the  mercury  in  the  tube  is  alike 
high  at  both  surfaces.  The  foriing' 
pump  is  applied  at  E  ;  aud,  as  the 
fias  is  condensed,  it  compresses  the 
air  in  the  end  of  the  tube  at  K  :  of 
course  the  mercury  rises,  carrying 
the  float  P  up  along  viilli  it;  the 
other  ball  is  dravm  down,  and 
brings  down  with  it  the  wire  Z, 
whicli  gradually  slops  the  opening 
at  the  lop  of  the  wire  ;  and,  as  the 
gas  contained  is  diminished,  the 
pressure  will  be  taken  olf  the  surface  of  the  mercury  at  R,  the 
air  at  K  will  expand,  and  raise  the  wire  Z,  and  enlarge  the 
opening. 

The  Portable  Gas  Company  of  London,  have  positively 
pledged  themselves  to  the  public,  that  every  one  of  these 
lamps  has  been  proved  to  resist  a  pressure  of  between  600  and 
700  lbs.  upon  the  cubic  inch  ;  and,  that  ihey  will  in  no  instance 
be  subjected  to  a  pressure  of  little  more  than  400;  there  will 
therefore  be  a  surplus  strength  of  200  upon  every  square  inch  ; 
or  in  other  words,  each  vessel  has  sufficient  power  to  receive  a 
supply  of  gas  nearly  equal  to  fifteen  additional  utmuspheres ! 
The  most  timid  need  not  then  fear  an  explo.sion  of  these 
lamps. 

Comparative  Merits  of  Coal  and  Oil  Gas. — A  good  deal  of  dis- 
cussion has  of  late  arisen  regarding  the  comparative  merits  of 
these  two  gases,  and  so  much  has  the  subject  been  perplexed 
by  the  conflicting  statements  of  rival  manufacturers  and  com- 
panies, that  the  question  can  hardly  yet  be  considered  as 
settled,  although  the  general  impression  undoubtedly  is,  that 
the  coal  gas,  where  coal  is  abundant,  has  the  advantage  in 
point  of  economy,  though  it  is  rather  inferior  to  the  oil  in  point 
of  purify.  As  the  subject  has  become  interesting  to  the  public, 
we  shall  state  a  few  facts  regarding  it,  which  arc,  perhaps,  not 
<;nerally  known,  and  for  which  we  are  partly  indebted  to  an 
interesting  report  lately  published  by  the  Dundee  Gas  Com- 
pany, anil  whi(^h  forms  the  result  of  certain  inquiries  set  on 
foot  by  that  Company  for  their  information.  First,  then,  in 
regard  to  the  expense  of  manufacturing  coal  gas,  this,  as  may 
be  expected,  will  vary  with  the  price  and  quality  of  the  coai, 
and  also  with  the  skill  and  economy  in  managing  the  dill'erent 
processes  of  the  manufacture.  In  Glasgow,  the  cost  of  manu- 
facturing 1000  cubic  feet  of  coal  gas  is  so  low  as  4.$.  9rf.  exclu- 
sive of  interest  on  capital.  In  Edinburgh  it  is  from  7s.  to  8*. 
In  Liverpool  and  London  about  10.$.  But  the  selling  price  of 
the  gas  iu  these  different  places  is  exactly  in  proportion  to  the 

•  Tlie  Whitechapel  Road  Oil  Gas  Corapanj,  according  to  Mr.  Tail's 
information  in  llie  Dundee  Report,  divided,  at  the  end  of  the  first  year,  2^^ 
per  cent.  ;  but  at  the  last  general  meeting  (Nof  eraber,  1S23,)  no  dividend  was 
made.  The  Hull  Company,  by  the  same  report,  has  paid  nothing ;  the 
Norwich  nothing,  and  the  Colchester  has  been  converted  into  a  coal  gas. 

t  Although  the  exact  proportion  of  the  illuminatinc;  powers  of  these  gases 
has  not  yet  been  settled,  a  good  many  experiments  have  been  made  with  this 
view  ;  these,  when  rightly  considered,  do  not  dili'er  from  each  other  so  muih 
as  lias  been  supposed,  and  agree,  on  the  whole,  pretty  neaily  in  assigning 
the  above  ratio  of  between  two  and  four  to  one  in  f,ivour  of  oil,  according 
to  the  quality  of  the  coal  gas.  The  subject  has  not  certainly  been  examined 
with  sufficient  attention,  nor  with  any  thing  like  that  degree  of  accuracy 
which  such  experiments  demand,  and  in  the  present  stale  of  science,  easily 
admit  of,  and  we  are  surprised  that  some  of  the  parties  interested  have  not 
already  set  on  foot  such  inquiries  as  will  set  this  matter  completely  at  rest. 
Professor  Leslie,  we  understand,  has  been  recently  engaged  in  making  some 
experiments  on  these  gases;  auil  certainly  no  instrument  is  so  well  adapted 
for  comparing  their  illuminating  powers  as  (he  photometer,  with  which  he 
lias  cnnliived  to  measure  the  various  shades  of  light.  Under  the  hands  of 
skilful  observers,  this  instrument  could  not  fail  to  lead  to  interesting  results. 
The  method  of  shadows,  however,  is  not  entirely  so  satisfactory,  nor  in  many 
respects  so  convenient,  because  we  canttot  easily  compare,  in  this  manner, 
li«  gases  of  different  places  unless  they  are  actually  brought  together,  and 
hurled  in  tlie  same  apartment,  wliereas  the  photometer  measures  the  actual 
«s  well  as  the  relative  degrefs  of  light.  .Still,  however,  the  method  of 
sliadows,  with  attention,  aud  in   the   same  place,  will  give  a  pretty  near 


price  of  producing  it.  In  Glasgow,  1000  feet  of  gas  sells  at 
8s.  6r/.,  in  Edinburgh  at  12*.,  in  Liverpool  at  13i.  i)U.,  and  in 
London  at  Us.  6d.  or  los.  The  diHerencc  arises  partly  from 
differences  in  the  dividends  paid  by  the  companies  on  their 
respective  capitals,  and  partly,  also,  we  believe,  from  waste, 
and  perhaps  part  of  the  current  expenses  not  being  included 
in  the  cost  price. 

But  even  the  quality  of  the  gas  in  different  establishments 
varies  considerably  in  its  illuminating  power,  owing  partly  to 
management,  but  chiefly  to  the  nature  of  the  coal  from  wliich 
it  is  generated.  In  this  respect  the  gas  from  cannel  coal, 
from  which  most  of  it  is  got  in  Scotland,  is  decidedly  superior 
to  the  London  gas,  which  is  all  produced  from  Newcastle  coal ; 
a  cubic  foot  of  the  former  will  burn  from  one  to  otie  and  a  hall 
times  longer  than  one  of  the  latter,  and  give  all  the  time  the 
same  degree  of  light.  On  this  account,  therefore,  the  fair  illu- 
minating value  of  the  gas  in  the  above  places  does  not  cor- 
respond with  its  selling  price,  the  London  gas  being  really 
from  one  to  one  and  a  hall  limes  dearer.  This  consideration  is 
of  essential  importance  in  all  our  inquiries  into  the  economy  of 
gases,  and  a  want  of  due  attention  to  it  is  one  of  the  chief 
causes  of  those  disci epaiit  results  w  hich  have  been  obtained  on 
this  subject,  and  of  that  diversity  of  opinion  to  which  they  have 
given  rise. 

In  regard  now  to  the  price  of  manufacturing  and  selling  oil 
gas,  this  is  pretty  much  the  same  in  different  places,  and  the 
gas  being  all  generated  from  the  same  material,  its  quality  is 
hence  pretty  uniform.  Tiie  cost  of  manufacfuring  1000  cubic 
feet  of  oil  gas  is  esliitiated  by  Taylor  and  Martineau,  the 
paliiilees,  at  26,?.;  by  Mr.  Peckslone  at  28.«. ;  by  Mr.  Rieardo, 
of  the  Bow  Works,  at  27s. ;  and  it  is  actually  made  at  Hull  for 
28*.  ;  and  at  Leilh,  we  believe,  much  the  same.  The  selling 
price  again  is  in  London  60*.;  in  Hull  r>Os.;  in  Leith  50s.,  until 
of  late  it  has  been  reduced  to  40s.,  the  lowest  price  at  which  it 
has  ever  been  sold.  But  there  is  one  important  circurasfanoe 
to  be  noticed  here.  At  the  above  prices  of  the  coal  gas,  all  the 
Companies  have  been  dividing  considerable  profits,  which  may 
he  averaged  at  8  per  cent,  on  the  capital  of  each,  while  the 
Oil  Gis  Companies  again,  at  their  prices,  have  been  in  many 
cases  losing,  aud  in  no  case  dividing  more  than  2^  or  3  per 
cent.*  It  thus  appears,  then,  that  the  same  quantity  of  gas 
which,  in  the  case  of  coal,  sells  in  Glasgow  at  8s.  6d.,  in  Edin- 
burgh at  12s.,  and  in  London  at  14s.  6rf.,  cannot,  in  the  case  ol 
oil,  be  any  where  sold  with  a  profit  under,  we  may  safely  say, 
4r)s.,  supposing  even  the  oil  to  continue  at  the  same  rate  to 
which  it  has  fallen  of  late  years. 

But  the  quality  of  the  oil  gas  is  much  superior  to  that  even 
of  the  best  coal  in  its  light-giving  power.  A  cubic  foot  of  it 
will  burn  with  an  equal  degree  of  light  between  three  and  four 
times  longer  than  the  London  gas,  and  between  two  and  three 
times   longer  than  the  Scotch  gas.f     If  we  take  this  circum- 

approximation  to  the  truth  ;  and  we  shall  just  state  the  results  obtained  in 
this  manner  by  difterent  observers.  In  London,  Messrs.  Taylor  and  Mar- 
tineau liiid  the  illuminating  powers  of  their  oil  gas  3i  times  superior  to  that 
of  the  coal  gas  in  the  neighbourhood.  This  estimate  has  been  confirmed  by 
Mr.  Braiide,  and  several  other  observers,  nmre  particularly  by  Mr.  Dewey 
of  New  Yoik,  in  an  experiment  conducted  with  great  fairness,  each  foot  of 
the  oil  gas  burning  exactly  three  and  a  half  times  longer  than  a  foot  of  the 
coal.  Hence,  it  has  been  laid  down  at  once  as  a  general  role,  that  oil  gas  is 
three  or  four  times  superior  to  coal  in  illuminating  powers  ,  and  this  notion, 
sanctioned  by  the  names  of  the  observers  and  the  accuracy  of  the  experi- 
iiients,  and  propagated  with  zeal  by  the  oil  gas  advocates  and  companies,  has 
had  considerable  weight  with  the  public  ;  the  Committee  of  the  Dundee  Com- 
pany, for  example,  having  hence  calculated  on  the  illuminating  powers  as  3 
to  1.  But  we  believe  it  is  undeniable,  that  the  London  gas  obtained  from 
Newcastle  coal  is  considerably  inferior  to  the  Scotch  gas  obtained  from  the 
cannel  coal  and  other  Scotch  coals.  The  exact  proportion  we  do  not  know, 
but  it  is  between  1  and  1.^  times  inferior — say,  then,  that  it  is  only  1^  times, 
and  this,  in  the  case  of  the  Scotch  gas,  will  reduce  the  estiroote  of  Taylor 
and  iM.irtineau,  the  oil  gas  patentees  themselves,  to  the  proportion  of  2|  to  I 
in  favour  of  oil  ;  and  this  corresponds  pretty  nearly  with  the  observations 
wiiich  have  actually  been  made  in  this  country.  Mr.  Cricbton  of  Glasgow, 
late  civil  engineer  there,  makes  the  proportion  2  to  1  in  favour  of  oil.  Dr- 
Ure  of  Glasgow,  finds  the  same  proportion  ;  and  Mr.  Milne,  one  ot  the 
agents  for  the  oil  gas  patentees,  according  to  a  writer  in  the  Dundee  Report^ 
makes  it,  in  reference  to  the  Glasgow  coal  gas,  as  2,  or,  at  most  2\  to  1. 
Experiments,  we  believe,  have  also  been  made  by  the  Company  here  on  the 
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stance  into  account,  then,  we  sliall  obtain  an  exact  estimate  of 
the  comparaiivc  economy  of  the  two  jiases  ;  1000  feet  of  oil 
gas  will  thus  give  the  same  quantity  of  light  as  JioOO  feet  of 
London  gas,  and  as  2600  feet  of  Scotcli  gas  ;  and  the  prices  of 
the  same  quantity  of  light  derived  from  these  dilferent  gases 
respectively  will  he, — from  oil  gas,  45s.,  London  coal  gas, 
60s.  i)d.,  Edinburgh  coal  gas,  30s.,  (llasgow  coal  gas,  21s.  '3d. 
The  expense  of  the  same  light  for  tallow  candles,  at  Is.  per  lb., 
is  about  80s.  Of  all  these  places,  then,  London  is  the  most 
likely  for  an  oil  gas  work  to  succeed  as  a  profilahle  concern, 
Edinburgh  next,  and  Glasgow  the  least.  It  appears  evident, 
however,  from  these  facts,  that  even  in  Edinburgh  we  cannot 
expect  to  obtain  our  light  from  oil  gas  at  a  price  less  than  .00 
per  cent,  higher  than  from  coal,  even  though  the  price  of  oil 
should  continue  as  it  is.  Considering  indeed  the  waste  which 
takes  place  in  converting  oil  into  gas,  lojetlier  with  the 
expense  of  the  process,  it  cannot  be  cxpenled  that  the  latter 
should  ever  form  a  very  cheap  light.  In  tlie  present  stale  of 
the  manufacture,  a  quantity  of  the  inllanmiable  matter  of  the 
oil  is  lost  by  the  imperfect  nature  of  the  decomposition, 
besides  a  quantity  of  the  gas  itself,  which  is  necessarily  wasted 
in  every  gas  establishment.  Of  tlie  amount  of  these  losses 
we  are  not  informed,  but  a  loss  there  certainly  is  to  some 
extent.  Moreover,  were  there  no  expense  attending  the  manu- 
facture of  oil  gas,  its  light  could  not  be  so  cheap  as  that  from 
the  oil  itself,  burned  in  a  good  lamp,  where  all  the  indammable 
matter  is  consumed  ;  and  when  we  add  to  this  all  the  expenses 
of  the  manufacture  f.iid  gas  establishment,  it  is  evident,  that  the 
cost  of  this  light  must  be  considerably  increased,  unless  the  oil 
acquires  by  its  conversion  into  gas  some  new  illuminating  vir- 
tue which  it  docs  not  possess  in  its  raw  state,  a  circumstance 
which  has  indeeil  been  asserted,  but  never  proved.* 

Such  being  the  comparative  economy  of  the  two  gases,  let 
us  noiv  consider  their  respective  qualities.  On  this  point  it  is 
agreed  on  all  hands  that  the  oil  is  superior.  In  the  first  place, 
it  is  free  from  that  sulphureous  matter  which  rises  along  with 
the  coal  gas,  from  which  it  is  diilicult  to  deprive  this  latter  gas. 
and  the  ellect  of  which  is  not  only  to  corrode  the  pipes,  and  all 
the  internal  fittings  of  the  apparatus  exposed  to  the  gas,  but 
also  to  tarnish  the  plate  and  gilding  of  the  apartment  in  which 
the  gas  is  burned.  From  this  contamination  the  oil  gas  is 
entirely  free,  and  this  constitutes  its  great  advantage.  Hut, 
on  the  other  hand,  it  cannot  be  denied  that  the  plans  which 
have  been  devised  for  puiifying  the  coal  gas  have  had  consi- 
derable success.  In  Glasgow,  and  even  in  Edinburgh,  where  the 
coal  is  of  inferior  (juality,  the  gas  is  now  manufactured  in  such 
purity,  that  the  presence  of  sulphur  cannot  be  detected  in  it  by 
the  most  delicate  tests  ;  and  in  fact  it  is  said  by  these  com- 
panies to  be  now  incapable  of  tinging  either  plate  or  gilding 
any  more  than  oil  gas.f  If  this  fact  could  be  satisfactorily 
established,  it  would  be  of  great  importance.  The  best  proof 
of  it  which  could  be  given  would  be  the  adopting  of  the  coal 
pas  by  jewellers,  among  whom  its  use  was  discontinued  at  the 
first  trial,  on  account  of  its  injurious  effects,  and  has  since,  we 
believe,  not  been  resumed  by  any  of  them.  Another  advantage 
ascribed  to  the  oil  gas  is  its  freedom  from  any  unpleasant 
smell.  If  this  be  meant  of  the  gas  itself  as  it  escapes  from  the 
pipes  by  leakage  or  otherwise,  the  oil  gas  is  in  this  respect 
certainly  very  little,  if  at  all,  superior  to  coal.  We  are  con- 
vinced, indeed,  from  experience,  that  neither  of  them  could 
well  be  tolerated,  if  allowed  to  escape  unburnt  ;  and  it  would 
be  diflicult  to  decide  which  of  the  two  smells  is  the  most  olfen- 

Edinburgh  gas,  which  is  generated  from  diHorent  sorts  of  coal,  and  for  f;ns 
<f  an  average  (jualily,  tlic  proportion  has  been  fonnd  as  21  to  1.  Besides 
these  authorities,  nn  interesting  set  of  experiments  have  Iteen  made  lir 
Messrs.  Heropatli  and  Rootsey  on  the  Bristol  gas,  and  their  proportion  is 
that  of  2^  to  1,  or  2  to  1.  IVIal^ing  due  allowance,  then,  for  tlie  bias  of  ttie 
respective  parties,  we  are  certainly  not  underrating  the  oil  gas  when  we 
assume  it,  as  above,  at  2.^  times  superior  to  coal  gas. 

•  Sir  \V.  Congreve  observes,  that  '•  there  c.in  be  no  doubt  that  the  light 
thus  produced  by  oil  gas  is  mncli  ctieaper  than  that  produced  by  the  direct 
burning  of  the  oil,  and  some  have  even  estimatcil  the  gain  at  25  per  cent.  It 
would  require,  however,  strong  proof  to  substantiate  this  fact,  and  the 
experiments  of  Heropath  and  Kootsey  of  Bristol  shew,  ou  the  contrary,  a 
loss  of  28  per  cent. 


sive.  But  with  proper  attention  on  the  part  of  tne  company, 
the  escape  of  the  gas  can  be  entirely  prevented,  as  is  remarked 
by  Mr.  Tait,  engineer,  London,  in  his  Report  to  the  Dundee 
Company.  "As  to  the  smell  of  oil  gas,"  say  s  he,  "  being  lesn 
ollensivc  in  rooms  than  coal  gas,  this  is  a  mere  matter  of  lasle. 
For  my  own  part,  I  would  sooner  tolerate  the  latter;  but  nei- 
ther of  them  produce  any  smell  whatever,  if  the  services  are 
secured,  and  the  joints  properly  cemented."  liut  if  the  smell 
refers  to  the  effect  on  the  air  of  the  room  by  the  burning  of  the 
gases,  to  the  heat  and  closeness,  to  the  sinokiness,  or  to  any 
other  disagreeable  vapour  arising  from  any  of  the  gases  more 
than  aiiother^in  this  respect  the  oil  certaiidy  has  the  advan- 
tage. Much  depends  on  the  way  in  which  the  burners  are 
managed,  a  proper  attention  to  which  will,  perhaps,  in  either 
case,  prevent  any  unpleasant  effects.  But  on  this  point  we 
have  no  satisfactory  information. 

"  Oil  gas,"  say  Taylor  and  .Martlneau,  "  burns  with  a  far 
purer  and  more  brilliant  light  than  coal  gas."  W  itii  good  coal 
gas  we  cannot  say  that  we  have  ever' perceived  a  very  material 
difference  in  this  respect.  Besides  these,  there  are  various 
minor  points  of  comparison  between  the  two  gases,  en  which, 
however,  it  is  unnecessary  to  enlarge  ;  and  in  regard  to  the 
advantage  which  oil  gas  possesses,  of  being  more  easily  gene- 
rated, and  without  any  of  those  nuisances  to  which  the  coal  ga* 
establishments  are  subject,  also  its  being  less  bulky,  and  lield 
therefore  in  gasometers,  and  distributed  in  pipes  of  half  the 
usual  dimensions,  these  advantages  are  all  involved  in  the 
price. 

Such,  then,  are  a  few  of  the  facts  regarding  these  two  species 
of  light,  which  we  have  endeavoured  to  collect,  from  different 
sources,  for  the  information  of  our  readers.  It  is  evident,  on 
the  whole,  that  the  oil  gas,  though  it  will  be  a  much  cheaper 
light  than  randies,  will  yet  here  be  considerably  dearer  than 
coal  gas  ;  but  thin  it  is  purer,  and  burns  with  a  brighter  light ; 
and,  as  Mr.  Dewey  of  New  York  remarks,  if  some  are  content 
withy(«c,  there  is  no  reason  why  others  should  not  prefer  su/xi- 
Ji)ie.  This,  of  course,  is  a  matter  of  choice  with  the  public  ; 
and  it  is  not  our  intention,  by  the  above  remarks,  to  recom- 
mend either  the  one  or  the  other  light  in  preference,  but  merely 
to  state  the  facts  which  have  come  to  our  knowledge. — Cal. 
Ulercini/. 

GASKET,  a  sort  of  plaited  cord  fastened  to  the  sail-yards  o{ 
a  ship,  and  used  to  furl  or  tic  up  the  sail  firmly  to  the  yard  by 
wrapping  it  rouixl  both,  six  or  seven  times,  the  turns  being  at 
a  competent  distance  from  each  other. 

Bii/ir  Gasklt,  is  that  which  supports  or  ties  up  the  bunt  of 
the  sail,  and  should  consequently  be  the  strongest,  as  having 
the  greatest  weight  to  support;  it  is  sometimes  made  in  u 
peculiar  manner. 

Qiiailcr  G,\ski;t,  used  only  for  large  sails,  and  is  fastened 
about  half-way  out  upon  the  yard,  which  part  is  called  the 
quarter. 

77ic  Yard  arm  Gasket,  is  made  fast  to  the  yard-arm,  and 
serves  to  binil  the  sail  as  far  as  the  quarter-gasket  on  large 
yards,  but  extends  quite  into  the  bunt  of  small  sails. 

G ASSENDI,  Pi-.TKU,  a  celebrated  French  philosopher  and 
astronomer,  was  born  in  a  village  in  Provence,  in  1592.  He 
very  early  discovered  great  talents,  and  at  the  age  of  IG  was 
made  professor  of  rhetoric  at  Digno,  and  soon  after  professor 
of  philosophy  at  Aix.  (Jassendi  died  in  Ki.'i.'i.  in  the  C3d  year 
of  his  age,  leaving  his  manuscripts  to  M.  de  Monmor,  his  friend 
and  executor. 

t  Mr.  Neilson,  engineer,  Glasgow,  in  his  judicious  Report  to  tlie  Dundee 
Company,  observes,  "  the  gas  at  present  made  in  tlie  Glasgow  works  seems 
to  be  entirely  free  of  it,  (ihe  sulphuretted  hydrogen,)  and  will  not  tinge 
either  silver  or  gilding,  nor  can  the  aretate  uf  lead,  which  is  reckoned  a 
delicate  test,  discover  in  it  any  of  this  oflensive  mixJure."  Besides  the  sul- 
phuretted hydrogen,  however,  the  gas  contains  hydro-snlphnrel  oS  ammonia, 
wliich  proves  injurious  to  copper  and  iron  gas-pipes,  and  of  which  it  is  still 
more  diflicult  to  deprive  the  gas.  !Mr.  Dewey  of  New  "^'ork  slates,  that  this 
has  been  done  bv  Mr.  James  Neilson  of  the  Glasgow  gas  works,  but  that 
••  owing  to  the  expense  of  the  process,  and  the  low  price  at  which  the  pas  is 
furnished  to  the  customers,  it  lias  not  been  carried  fully  into  eflecl."  Great 
improvements,  therefore,  inav  yet  be  looked  for  in  llie  puiilication  of  coal  gas,  Ihe 
manufacture  of  which  presents  a  rich  and  interesting  field  for  the  researckea 
of  the  chemist. 
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GASTEROSTEUS,  the  Stickle  Bach,  in  Natural  History,  a 
genus  of  fishes  of  the  order  of  thoracici.  There  are  tliirtecn 
species,  G.  aculeatus,  or  threc-spincd  stickle-back,  is  found  in 
almost  all  the  fresh  waters  of  Europe,  and  is  about  three  inclies 
long,  and  in  the  beginnins  of  the  summer  displays  the  most 
beautiful  combination  of  brifiht-red,  fine  olive-fjreen,  and  sil- 
very whiteness.  It  is  extremely  active  and  rapid,  and  is 
particularly  injurious  in  fishponds,  as  it  devours  the  spawn  of 
the  fish. 

GASTRIC  JmcK,  a  fluid  of  tlie  utmost  importance  in  the 
process  of  digestion.  It  does  not  act  indiscriminately  on  all 
substances,  nor  is  it  the  same  in  all  animals,  nor  does  it  con- 
tinue always  of  the  same  nature,  even  in  the  same  animal, 
changing  according  to  circumstances  ;  it  acts  with  a  chemical 
energy  in  dissolving  food  ;  attacking  the  surface  of  bodies,  and 
uniting  to  the  particles  of  them.  It  operates  with  more  energy 
and  rapidity  the  more  the  food  is  divided,  and  its  action  is 
increased  by  a  warm  temperature.  The  food  is  not  merely 
reduced  to  very  minute  parts  ;  its  taste  and  smell  are  quite 
changed  ;  its  sensible  properties  are  destroyed  ;  and  it  acquires 
new  and  very  dift'erent  ones.  This  fluid  does  not  aet  as  a  fer- 
ment, it  is  a  powerful  antiseptic,  and  even  restores  flesh  already 
putrefied. 

GASTROBRANCIIUS,  in  Natural  History,  a  genus  of 
fishes  of  the  order  cartilaginei.  It  is  characterized  by  the  cir- 
cumstance of  exhibiting  no  traces  of  the  existence  of  such  an 
organ  as  the  eye.  It  will  often  enter  the  mouths  of  fishes  fixed 
on  the  hook  of  the  angler,  and  gnaw  a  passage  through  their 
bodies,  devouring  all  but  the  bones  and  skin.  Its  substance  is 
so  highly  glutinous,  that  a  large  vessel  of  sea  water  will,  in  a 
short  time  after  the  living  coecus  is  placed  in  it,  become  of  the 
consistence  of  a  jelly. 

GATE,  in  Architecture,  a  large  door,  leading  or  giving 
entrance  into  a  city,  town,  castle,  palace,  or  other  considerable 
building ;  or  a  place  giving  passage  to  persons,  horses,  coaches, 
or  v\'aggons,  &c. 

GATT,  is  the  same  as  Channel,  and  is  a  term  constantly 
used  on  the  Flemish  coast  and  in  the  Raltic  for  that  purpose. 

GAUGER,  a  king's  olhcer  appointed  to  examine  all  tuns, 
pipes,  hogsheads,  and  barrels,  of  wine,  beer,  ale,  oil,  honey. 
Sec.  and  give  them  a  mark  of  allowance  before  they  are  sold  in 
any  place  within  the  extent  of  his  ollice. 

GAUGE  Point  of  a  solid,  is  used  to  denote  the  diameter  of 
that  circle,  whose  area  is  expressed  by  the  same  number  as  is 
equal  to  the  number  of  cubic  inches  in  the  solid.  Thus  17-15 
being  the  diameter  of  a  circle  whose  area  is  231  ;  this  is  called 
the  gauge  point  of  the  wine  gallon,  which  contains  231  cubic 
inches. 

GAUGING,  the  art  or  act  of  measuring  the  capacities  of  all 
kinds  of  vessels,  and  thence  asci  rtaining  the  quantity  of  lii|uor 
which  they  contain.  Gauging  forms  a  part  of  mensuration, 
and  is  treated  of  by  most  authors  "ho  have  written  on  the 
latter  subject;  this,  however,  is  generally  with  reference  to 
regular  figures,  as  the  frustums  of  cones  and  conoids,  of  para- 
bolic, hyperbolic,  and  elliptic  spindles,  he.  But  as  casks  are 
seldom  of  any  exact  forms,  these  rules  must  be  regarded  as 
merely  theoretical,  and  not  applicable  to  the  common  cases 
that  occur  in  practice.  To  remedy  the  inconvenience  arising 
from  such  a  number  of  rules,  and  at  the  same  time  to  abridge 
the  labour  attendant  on  several  of  thcni,  we  will  give  one  gene- 
ral rule  for  all  cases,  exceedingly  simple  in  its  application,  and 
which  is  as  follows  :         Add  into  one  sum, 

39  times  the  square  of  the  bung  diameter, 

25  times  the  square  of  the  head  diameter,  and 

26  times  the  product  of  those  diameters  ; 

multiply  the  sum  by  the  length  of  the  cask,  and  divide  the  pro- 
duct by  114;  then  this  last  quotient  divided  by  231  will  give 
the  wine  gallons,  and  divided  by  282  will  give  the  ale  gallons. 

L 

Or,  (.39  B=  -H  25  H'  -f  26  B  H)   x    jj.  is  the  content   in 

inches;  which  being  divided  by  231  for  wine  gallons,  or  by  282 
for  ale  gallons,  will  be  the  content. 

Exam.  Let  the  length  of  a  cask  be  40  inches,  the  bung 
diameter  32,  and  the  head  diameter  24. 


Here 32=   x    39  =     39936 

and 24'   X    2.3=:     14400 

and 32   X    24     X    26  =      1996S 

the  sum   74304 

multiplied  by 40 

and  divide  by 114)2972160 

gives 26071  cub.  in. 

this   divided    by  231    gives    112  wine  gallons,   or   divided  by 
282  gives  92  ale  gallons. 

But  the  common  practice  of  gauging  is  performed  mechani- 
cally, by  means  of  tiie  gauging  or  diagonal  rod,  or  the  gauging 
sliding  rule,  the  description  and  use  of  which  are  as  follow. 

Gauging,  or  Diayonal  Jiod,  is  a  rod  or  rule  adapted  for 
determining  the  contents  of  casks,  by  measuring  the  diagonal 
only,  i/-.  the  diagonal  from  the  bung  to  the  extremity  of  the 
opposite  slave  next  the  head.  It  is  a  square  rule,  having  four 
sides  or  faces,  being  usuallv  four  feet  long,  and  folding  toge- 
ther by  means  of  joints.  Upon  one  face  of  the  rule  is  a  scale 
of  inches,  for  taking  the  measure  of  the  diagonal ;  to  these  are 
adapted  the  areas,  in  ale  gallons,  of  circles  to  the  corresponding 
diameters,  like  the  lines  on  the  under  sides  of  the  three  slides 
in  the  sliding  rule,  described  below.  And  upon  the  opposite 
face  are  two  scales,  of  ale  and  wine  gallons,  expressing  the 
contents  of  casks  having  the  corresponding  diagonals;  and 
these  are  the  lines  which  chiefly  constitute  the  difference 
between  this  instrunient  and  the  sliding  rule  ;  for  all  the  other 
lines  upon  it  are  the  same  with  those  in  that  instrument,  and 
are  to  be  used  in  the  same  manner. 

To  use  the  Diar/onal  Jlnd.  Unfold  the  rod,  and  put  it  in  at 
the  bung-hole  of  the  cask  to  be  gauged,  till  its  end  aiiive  at 
the  farthest  possible  distance  from  the  bung-hole,  and  note  the 
inches  and  parts  cut  Ir/  the  miikllc  of  the  bung;  draw  out  the 
rod,  and  look  for  the  same  inches  and  parts  on  the  opposite  face 
of  it,  and  annexed  to  them  arc  found  the  contents  of  the  cask, 
both  in  ale  and  wine  gallons. 

Exam.  Let  it  be  required  to  find,  by  this  rod,  the  content  of 
a  cask  whose  diagonal  measures  34-4  inches  ;  which  answers 
to  the  cask  in  the  foregoing  example,  whose  head  and  bung 
diameters  are  32  and  24,  and  length  40  inches  ;  for  if  to  the 
square  of  20,  half  the  length,  be  added  the  square  of  28,  half  the 
sum  of  the  diameters,  the  square  root  of  the  sum  will  be  34.4 
nearly.  Now,  to  this  diagonal  344  corresponds  upon  the  rule,  the 
content  91  ale  gallons,  or.  111  wine  gallons  ;  being  but  one  less 
than  Ihc  content  found  by  the  former  general  rule  above  given. 

The  Gai'ging  Rule,  or  Slidinq  Ihile,  is  a  sliding  rule  particu- 
larly adapted  to  the  purposes  of  gauging.  It  is  a  square  rule, 
of  four  faces  or  sides,  three  of  which  are  furnished  with  sliding 
pieces  running  in  grooves.  The  lines  upon  them  are  mostly 
logarithmic  ones,  or  distances  which  are  proportional  to  the 
logarithms  of  the  numbers  placed  at  their  ends;  which  were 
fine  lines  placed  upon  rulers,  by  Gunter,  for  expeditiously  per- 
forming arithmetical  operations,  using  a  pair  of  compasses  for 
taking  ofi'  and  applying  the  several  logarithmic  distances  ; 
but  instead  of  the  compasses,  sliding  pieces  were  added,  by 
IMr.  Thomas  Everard,  as  more  certain  and  convenient  in  prac- 
tice, from  whom  this  sliding  rule  is  olten  called  Everard's  Rule. 

GAURS,  an  ancient  sect  of  the  Magicians  in  Persia,  who 
profess  the  worship  of  one  God  alone,  the  belief  of  a  resurrec- 
tion and  a  future  judgment,  and  utterly  detest  all  idolatry. 
They  perform  their  worship  before  fire,  for  which  they  have  an 
extraordinary  veneration,  as  believing  it  to  be  the  most  perfect 
cnibirm  of  the  Deity. 

GAUT,  a  term  made  use  of  in  the  East  Indies,  to  denote  a 
passage  or  road  from  the  coast  to  the  mountainous  or  upland 
country. 

GAUZE,  in  Commerce,  a  thin  transparent  stuff,  sometimes 
woven  with  silk,  and  sometimes  only  of  thread,  either  plain  or 
figured;  the  latter  being  sometimes  worked  with  flowers  of 
silver  or  gold  on  a  silk  ground. 

GAVELKIND,  a  tenure  or  custom  in  Kent,  by  which  the 
lands  of  the  father  are,  at  his  death,  equally  divided  amongst 
all  his  sons;  or  the  land  of  a  deceased  biother,  in  case  he 
leaves  no  issue,   among  all   his  brethren.     This  custom  cams 
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fiom  our  Saxon  ancestors.  The  customs  attending  this  tenure 
are,  that  the  heir,  at  the  age  of  fifteen,  may  pive  or  sell  his  lands 
in  fravelkind  ;  and  though  the  fatlicr  is  aitaintod  of  treason, 
and  suflers  death,  the  son  iidierits.  A  wife  shall  be  endowed 
of  a  moiety  of  the  jcavelkiiid  hinds,  of  uhicli  lier  husband  died 
seised,  during  her  widoHhood.  Liiicivise  a  Imshand  may  he 
tenant  by  coiirlcsy  of  lialf  his  wife's  l;inds,  without  having  any 
issue  by  lier  ;  hut  if  lie  marries  again,  not  having  issue,  he 
forfeits  his  lenantcy. 

GAZETTE,  a  printed  account  of  the  transactions  of  all  the 
countries  in  the  know  n  world,  in  a  loose  sheet  or  half  sheet. 
This  name  is  with  us  confined  to  thiit  paper  of  news  published 
by  authority  of  the  government.  The  first  gazette  in  England 
was  published  at  Oxford,  Nov.  7,  UiGo. 

GiiLATINE,  in  Chemistry,  is  one  of  Ihe  constituent  parts  of 
animal  substances,  and  may  he  obtained  by  repi-aUdly  wash- 
ing the  fresh  skin  of  an  anifiial  in  cold  w  aler,  afterwards  boiling 
it,  and  reducing  it  to  a  small  quantity  by  slow  evaporation,  and 
allowing  it  to  cool.  It  then  assumes  the  form  of  jelly,  and 
becomes  hard  and  semitraiisparcnt.  It  is  a  piineipal  [lart  bulh 
of  the  solid  and  lliiid  paits  of  animals,  and  is  employed  in  the 
stale  of  glue,  size,  and  isinglass. 

GELD,  in  our  old  customs,  a  .Saxon  word,  signifying  money  or 
tribute  ;  also  a  compensation  for  a  crime.  Hence  vvergcid  was 
used  for  the  value  of  a  man  slain,  and  orsgeld,  of  a  beast. 

GELLIBRANO,  IIenuy,  an  English  aslronomcr,  having 
been  professor  of  that  science  in  Gresham  College,  was  born 
in  London  1597,  and  died  in  the  same  city  of  a  fever  in  KiliO, 
being  only  '3'J  ycais  of  age.  Gellibrand  was  an  iniiniate 
acquaintance  of  Uriggs,  and  wrote  the  preface,  and  attended  to 
the  publication,  of  the  "  Trigonometria  Unlanni(-a,"  liriggs 
having  died  before  the  completion  of  that  great  undertaking. 

GEMINI,  THE  Twins,  n.  One  of  the  Northern  signs,  being 
the  third  sign  of  the  zodiac,  and  the  last  of  the  Spring  signs. 
According  to  the  fi.xed  zodiac  of  Mipparchus,  the  Sun  enters 
Gemini  on  the  21st  of  May.  That  is  (o  say,  the  Earth,  at  that 
time,  passes  into  the  sign  Sagittarius,  and  the  Sun,  as  seen 
from  tlie  Earth,  appears  to  have  nmde  his  transit  from  Taurus 
into  Gemini.  According,  however,  to  the  recession  of  the 
equinoxes,  the  Sun  enters  Gemini  on  the  181h  of  June.  The 
Earth  is  of  consequence  about  to  quit  Sagittarius,  and  enter 
Capricornns.  A  still  larger  portion  of  the  North  Pole  is  now 
in  the  light  than  we  observed  in  the  last  sign,  and  the  daj  s 
have  proportionrdly  increased  in  length,  tor  the  Sun  rises  at 
IV  ho.  G  mi.  A.  M..  and  sets  at  vii  ho.  .'it  mi.  r.  M.  By  dou- 
bling the  time  of  his  rising,  we  get  the  length  of  the  night  8  ho. 
12  mi.,  and  by  doubling  the  time  of  his  setting,  the  length  of  the 
day  is  I.*}  hours  48  minutes. 

ISoundnries  nnd  Vonti:nts. — Gemini  arc  hounded  on  (he  N.  by 
Lynx,  E.  by  Cancer,  S^  by  Monoeeros  and  Canis  Minor,  and 
W.  by  Taurus.  There  are  85  stars  in  this  constellation  ;  namely, 
two  of  the  '2d  magnitude,  four  of  the  3d,  six  of  the  -Ith,  &c.  The 
chief  star  is  Castor,  whose  right  ascension  is  110°  4(>'  25",  and 
its  declination  ;!2°  IC'C".  This  star  appears  on  the  N.  N.  E. 
3  E.  point  of  the  compass,  at  London,  and  it  rises  and  culmi- 
nates as  in  the  following  Table  :  Merid.  Alt.  70°  4.5'  C. 
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June 


p 

iscs.     1 

hn. 

mi. 

•i. 

5.) 

A. 

12 

43 

A. 

10 

5!, 

M. 

H 

55 

M. 

7 

0 

M. 

5 

0 

M. 

Cl>tM. 

Month. 

Risi-s. 

CiiriM. 

ho.  mi. 

ho.  mi. 

ho.  mi. 

12  31   JI. 

•juIy 

3     0  M. 

12  43    A 
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Sept. 
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9  10    A. 

C  52  M 

4  51)    A. 

Nov. 

7   15    A. 

4  55   M 

2  47    A. 
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5   10    A. 
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Castor  passes  vertical  over  the  States  of  Barbary,  Palestine, 
•crsia.  Cashmere,  Thibet,  Hotian  in  (Jhina,  Japan,  Louisiana 


Persia,  Cashmere,  Thibet,  Hotian  in  (Jhina,  Japan,  Louisiana 
in  North  America,  the  southern  purls  of  the  United  Slates,  the 
Bermudas,  Sec.  When  Castor  begins  to  rise,  the  club  of  Orion, 
and  alter  it  the  star  IJetelgeux,  appear  ;  but  by  this  time  Pollux 
is  fairly  above  the  horizon.  At  the  lime  those  stars  begin  to 
rise  on  the  N.  E.  by  N.  point  of  Ihe  horizon,  Cepheus,  Cygnus, 
and  Laeerta,  are  in  the  zenith.  Scrpentarius  declines  in  tlie 
\V.,  leading  with  him  Taurus  Ponialowski.  Procyon  rises 
when  Cassiopeia  and  Andnnneda  are  in  the  zenith,  and  Canes 
Venatici  in  the  Northern  horizon.  When  Castor  and  Pollux 
40. 


come  to  the  meridian,  Canis  Major  appears  in  tijc  Southern, 
Lyra  and  Cygnus  in  the  Norlhern,  Virgo  in  the  Eastern  hori- 
zun,  .Tiid  the  L\nx  oc(^upies  the  zenith.  Between  the  meridian 
and  Ihe  E.  we  lind  Cancer  and  Leo;  between  the  meridian  and 
the  W.  Taurus  and  Ari-s;  and  between  llie  zenith  and  the  S. 
Canis  Minor  and  the  Unicorn. 

GEM.\U\,  in  Botany,  a  bud,  a  coniprndiiim  of  a  plant  seated 
upon  the  stem  and  branches,  and  covered  with  scales,  to 
defend  the  lender  rudiments  from  cold  and  external  injuries, 
till  their  parls  being  unfolded,  they  accguirc  strength,  and 
render  any  further  ijrolection  unnecessary.  In  general,  wo 
may  distinguish  three  kinds  of  buds  ;  that  containing  the  llower, 
that  containing  leaves,  and  that  containing  both  llower  and 
leaves.     .SVe  Botany  and  Plants. 

GEMS,  or  PiiEciois  Stones,  are  sometimes  found  of  regu- 
lar shapes,  and  with  a  natural  polish;  and  sometimes  of  iiie. 
gular  shapes,  and  with  a  rouL;li  coat.  The  lirst  sort  may  be 
considered  as  of  the  pebble  kind,  and  arc  said  to  be  found  near 
the  beds  of  rivers,  after  great  rains  ;  the  others  are  found  in 
mines,  and  in  ihe  clefts  of  rocks.  The  gems  of  the  first  sort 
were  what  ihe  ancients  most  usually  engraved  upcm  ;  these  arc 
commonly  called  intaglios;  and  they  are  mostly  of  a  long  ova\ 
figure,  inclining  to  a  point  at  each  end,  convex  iis  well  on  the 
engraved  face  as  on  the  others,  with  a  ridge  running  from  end 
to  end  on  the  under  side,  which  is  hereby,  as  it  were,  divided 
into  two  faces  ;  both  which  are  also,  though  not  so  dislinctiy, 
parted  from  the  upper  face,  by  another  ridge  running  quite 
round  the  oval. 

The  stone  most  commonly  found  engraved  is  the  beryh  The 
next  is  Ihe  emerald;  and  then  the  jacinth.  The  chrysolite  is 
but  rarely  found  engraved  ;  as  are  also  the  crystal,  or  oriental 
pebble,  the  garnet,  and  the  ametlnst.  Of  the  beryl  there  arc 
three  species;  the  red,  inclining  to  orange  colour,  transpaniit 
and  lively  ;  Ihe  yellow,  of  an  ochre  colour,  and  the  white,  com- 
monly called  Ihe  chalcedony,  and  the  colour  of  sheer  milk. 
These  two  last  have  less  life  than  the  first.  The  cuierald  is 
green,  nearly  of  the  colour  of  stagnated  water;  somelinies 
t(derably  clear,  but  for  the  most  part  full  of  black  and  while 
specks.  The  jacinth  is  of  a  deep  tawny  red,  like  very  old  Port 
wine,  but  lively  and  transparent.  The  chrysolite  is  of  a  light 
preen  grass  colour,  and  is  supposed  to  have  been  the  ber>l  of 
the  ancients,  transparent,  but  not  lively.  The  crystal  or 
oriental  pebble  is  harder  and  more  lively  than  the  common 
rock  crystal ;  is  of  a  silvery  hue,  and  but  very  little  inferior  to 
the  white  sapphire.  The  garnet  is  of  the  same  colour  as  the 
jacinth,  but  more  inclining  to  the  purple,  and  not  so  lively. 
The  amelhyst  is  of  a  deep  purple,  transparent  and  lively. 

The  following  is  a  general  table  of  what  arc  usually  called 
precious  stones  :— The  beryl,  red,  yellow,  or  while;  emerald, 
green  ;  jacinth,  of  a  deep  ta«ny  red  ;  chrysolite,  of  a  light  grass- 
green  ;  crystal,  or  oriental  pebble,  of  a  silvery  white  ;  garnet, 
of  a  deep  red  claret  colour  ;  amethjst,  purple;  diamond,  while; 
ruby,  red  or  crimson  coloured  ;  emerald,  of  a  deep  green  ; 
aqua  marina,  of  a  bluish  sea  green,  like  sea  water;  topaz,  of  a 
ripe  citron  yellow  ;  sappliirc,  of  a  deep  sky  blue,  or  of  a  silver 
white;  cornelian,  red  or  white  ;  opal,  while  and  changeable; 
vermilion  stone,  more  tawny  than  the  jacinth. 

All  these  stones  are  more  or  less  transparent :  the  following 
are  all  opaque  : — The  cat's  eve,  brown  ;  red  jasper,  called  also 
thick  cornelian,  of  the  colour  of  red  oclire  ;  jet,  black;  agates, 
of  various  sorts  ;  blood-stone,  green,  veined  or  spotted  nilh 
red  and  white;  onyx,  consisting  of  dillerent  parallel  strata, 
mostly  white  and  bla<-k  ;  sardonyx,  of  several  shades  of  brown 
and  while;  agate-onyx,  of  two  or  more  strata  of  while,  either 
opaque  or  transparent  ;  alabaster,  difiercnt  strata  of  white  and 
yellow,  like  the  agate-onyx,  but  all  opaque  ;  toad's  eye,  black  ; 
turquoise,  of  a  yellowish  blue  inclining  to  green;  lajiis  lazuli, 
of  a  fine  deep  blue. 

Of  most  of  the  species  beforeincnlioncd,  there  are  some  of 
an  inferior  class  and  beauty.  These  are  commonly  called  by 
jewellers  occidental  stones;  they  are  mostly  the  pioduee  of 
Europe,  and  found  in"  mines  or  stone  quarries;  and  arc  so 
named  in  opposition  to  those  of  a  higher  class,  which  are 
ah\a>s  accounted  oriental,  and  supposed  to  be  only  produced 
in  the  ICast.  The  onyx,  sardonyx,  agate-onyx,  alabaster  of 
two  colours  or  strata,  as  also  certain  shells  oi"  difl'ereut  coats, 
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were  frrqueiitly  engraved  by  the  ancients  in  relief;  and  these 
sorts  of  ensravinss  are  commonly  called  cameos.  They  also 
sometimes  insrafled  a  head,  or  some  other  figure  in  relief,  of 
gold,  upon  a  blood  slone. 

Besides  which  there  are  some  antiques,  mostly  cornelians, 
that  are  covered  willi  a  stratum  of  white.  This  stratum  has  hy 
some  been  looked  upon  as  natuial  ;  but  it  was  really  a  sort  of 
coat  of  enamel  that  was  laid  on  The  stones  esteemed  the 
best  for  engraving  upon,  were  the  onyx  and  sardonyx;  and 
next  to  them,  the  bery!  and  the  jacinth.  The  ancients  en- 
graved most  of  their  stones,  except  the  onyx  and  (he  sardonyx, 
just  as  they  were  found  ;  their  natural  polish  exrelling-  all  that 
can  be  done  by  art ;  but  the  beauty  of  the  several  species  of 
onyx  could  only  be  discovered  by  cutting^. 

The  merit  of  inta<;lios  and  cameos  depends  on  their  erudition, 
as  it  is  termed,  or  the  fjoodness  of  the  workmanship,  and 
the  beauty  of  their  polish.  The  antique  Greek  gems  arc 
most  esteemed  ;  and  next  to  them  the  Koman  ones,  in  the 
times  of  the  hiifher  empire.  Lapidaries  employ  a  considerable 
quantity  of  diamond  in  powder,  which  they  use  with  steel 
instruments,  to  divide  pebbles  and  precious  stones.  The 
small  pieces  of  diamond  of  which  the  powder  is  made,  arc 
worth  twenty-eight  shillings  a  carat.  The  use  of  the  diamond 
in  this  way  is  very  extensive.  Had  nature  withheld  the  dia- 
mond, the  pebble,  the  agate,  and  a  variety  of  other  stones, 
would  have  been  of  little  value,  as  no  other  substance  is  hard 
enough  to  operate  upon  them.  In  this  way  rock  crystal  from 
Brazil  is  divided  into  leaves,  and  ground  and  polished  with 
diamond  dust  for  spectacles,  and  other  optical  inslniments. 

Gems,  Imilaliun  of  Atitit/ue,  a  method  of  taking  the  impres- 
sions and  figures  of  antique  gems,  witli  their  engravings,  in 
glass  of  the  colour  of  the  original  gem.  The  great  care  in  the 
operation  is,  to  take  tlie  impression  of  the  gem  in  a  very  fine 
earth,  and  to  press  down  upon  this  a  piece  of  proper  glass, 
softened  or  half  melted  at  the  (ire,  so  that  the  figures  of  the 
impression  made  in  the  earth  may  be  nicely  and  perfectly 
expressed  upon  the  glass.  The  yellowish  Iripoli  has  been 
found  best  adapted  for  this  purpose. 

GPjNDARMES,  or  Gi;ns  d'Akmfs,  in  the  French  armies, 
a  denomination  given  to  a  select  body  of  horse,  on  account  of 
their  succeeding  the  ancient  gendarmes,  who  were  thus  called 
from  their  being  completely  clothed  in  armour.  Tlie  appella- 
tion is  now  bestowed  on  both  the  horse  and  foot  soldiers  in 
France,  who  are  employ  ed  in, the  police  of  the  country.  They  are 
chosen  from  all  the  rest  of  the  army  on  account  of  their  good 
behaviour,  and  enjoy  superior  pay  and  advantages. 

GENDER,  among  Grammarians,  a  division  of  nouns  or 
names  to  distinguish  the  two  sexes. 

GENEALOGICA  Arbor,  or  Tree  of  Cottsaiic/uiniti/,  signifies 

genealogy  or  lineage  drawn  out  under  the  figure  of  a  tree, 
with  its  root,  stock,  branches,  &c.  The  genealogical  degrees 
are  usually  represented  in  circles  ranged  over,  under,  and 
aside  each  o'her. 

GENEALOGY,  an  enumeration  of  a  series  of  ancestors  ;  or 
a  summary  account  of  the  relations  and  alliances  of  a  person 
or  family. 

GENERAL  Issue,  in  Law,  is  that  plea  which  traverses  and 
denies  at  once  the  whole  declaration  or  indictment,  without 
offering  any  special  matter,  by  which  to  evade  it:  it  is  called 
the  general  issue,  because,  by  iniportins  an  absolute  and  gene- 
ral denial  of  what  is  alleged  in  the  declaration,  it  amounts  at 
once  to  an  issue,  or  fact  aflirmed  on  one  side,  and  denied  on 
the  other.  This  is  the  ordinary  plea  upon  which  most  causes 
are  tried,  and  is  now  almost  invariably  used  in  all  ciiminal  cases. 
It  puts  every  thing  in  issue,  that  is,  denies  every  thing,  and 
requires  the  party  to  prove  all  that  he  has  stated.  It  is  a  fre- 
quent question,  w  hat  can  be  given  in  evidence  by  the  defendant 
upon  this  plea,  and  the  dilhculty  is,  to  kimw  when  the  matter  of 
defence  may  be  urged  upon  the  general  issue,  or  must  be  spe- 
cially pleaded  upon  the  ret^ord.  In  many  cases,  for  the  pro- 
tection of  justices,  constables,  excise  officers,  ike.  they  are  by 
act  of  parliiimcnt  enabled  to  plead  the  general  issue,  and 
give  the  special  matter  for  their  justification  under  the  act  in 
evidence. 

GENERALo/nn  Armi/.iii  llie  art  of  war,  he  who  commands  in 
chief.     The  ofiice  of  the  general  is  to  regulate  the  march  and 


encampment  of  the  army  ;  in  the  day  of  battle  to  choose  out  the 
most  advantageous  ground  ;  to  make  the  disposition  of  the 
army  ;  to  post  the  aitillery  ;  and  where  there  is  occasion,  to 
send  his  orders  by  his  aides-de-camp.  At  a  siege  he  is  to  cause 
the  place  to  be  invested  ;  to  order  the  approaches  and  attacks; 
to  visit  the  works,  and  to  scud  out  detachments  to  secure  his 
convoys. 

General  of  Horse,  and  General  of  Foot,  are  posts  next  under 
the  general  of  the  army.  General  of  the  Artillery,  has  the 
charge  of  the  ordnance.  General,  is  also  used  for  a  particular 
march  or  beat  of  drum,  being  the  first  which  gives  notice  for 
the  infantry  to  be  in  readiness  to  march.  General,  is  also  used 
for  the  chief  of  an  order  of  monks. 

General  Terms,  among  Logicians,  are  those  made  the  signs 
of  general  ideas. 

GENERANT,  or  Genitum,  that  which  is  generated,  or  sup- 
posed to  be  generated,  by  the  motion  of  any  point,  line,  or 
figure.  The  gcneiant  is  always  one  dimension  higher  than  the 
generating  quantity  ;  thus  a  line  is  generated  by  the  motion  of 
a  point,  a  surface  by  a  line,  and  a  solid  by  a  surface.  It  is 
generally  a  theorem  in  geometry,  that  the  measure  of  any  gene- 
rant  is  always  ecpial  to  the  product  of  the  generating  quantity, 
drawn  into  the  path  of  the  centre  of  gravity  of  the  latter, 
whether  its  motion  be  rectilineal  or  rotatory.     So  also, 

GENI]RATED,  is  used  hy  mathematicians  to  denote  what- 
ever is  formed  by  the  motion  of  a  point,  line,  or  surface  ;  thus 
a  line  is  said  to  be  generated  by  the  motion  of  a  point,  a  sur- 
face by  the  motion  of  a  line,  and  a  solid  by  the  motion  of  a 
surface.  The  same  term  is  also  sometimes  used  in  a  similar 
sense  in  arithmetic  and  algebra ;  thus  20  is  said  to  be  gene- 
rated by  the  two  factors  4  and  5,  or  2  and  10 ;  a  6  of  the  factors, 
a  and  i,  kc. 

GENERATING  Line  or  Figure,  in  Geometry,  is  that  line 
or  figure,  by  (he  motion  of  which  another  figure  or  solid  is  sup- 
posed to  be  described  or  generated.  In  the  fiuxional  analysis 
all  kinds  of  quantities  are  supposed  to  be  generated  by  the 
motion  of  other  quantities,  and  the  quantities  thus  generated 
are  termed  fluents. 

GENERATION,  in  Madiematics,  denotes  the  formation  or 
description  of  any  geometrical  figure  or  magnitude  by  the 
motion  of  another  quantity  or  magnitude,  of  a  dimension  one 
degree  less. 

GENERICAL  Name,  in  Natural  History,  the  word  used  to 
signify  all  species  of  natural  bodies,  which  agree  in  certain 
essential  and  peculiar  characters,  and  are  therefore  all  of  the 
Same  family  or  kind,  so  that  the  word  used  as  the  generical 
name,  equally  expresses  every  one  of  them,  and  some  other 
words  expressive  of  the  peculiar  qualities  of  figures  of  each  are 
added,  in  order  to  denote  tliem  singly,  and  make  up  what  is 
called  the  specific  name.  Thus  the  word  rosa  or  rose,  is  the 
generical  name  of  the  whole  series  of  flow  ers  of  that  kind,  which 
are  distinguished  by  the  specific  names  of  the  red-rose,  the 
white-rose,  the  apple-rose,  he. 

GENESIS,  in  Mathematics,  is  nearly  the  same  as  gene- 
ration, being  the  formation  of  a  line,  surface,  or  solid,  by  the 
flowing  of  a  point,  line,  or  surface.  Here  the  moving  line  or 
figure  is  called  the  describent,  and  the  line  in  which  the  motion 
is  made  the  dirigent. 

GENEVA,  Gin,  a  hot  fiery  spirit,  too  much  used  by  the 
lower  classes  of  people  in  this  country,  as  a  dram,  and  most 
injurious  to  their  consdtution  and  morals.  A  liquid  of  this 
kind  was  formerly  sold  in  the  apothecaries'  shops,  drawn  from 
the  juniper-berry,  but  the  liipior  now  sold  under  the  name  of 
geneva  or  gin,  is  composed  of  oil  of  turpentine  and  malt 
spirits.  The  Holland's  geneva  is  manufactured  chiefly  at 
Schiedam,  near  Rotterdam,  from  wheat  and  juniper-berries. 

GENIUS,  in  matters  of  Literature,  Sic.  a  natural  talent  or 
disposition  to  do  one  thing  more  than  another  ;  or  the  aptitude 
a  man  has  received  from  nature  to  perform  well  and  easily  that 
which  others  can  do  but  indill'erently,  aud  with  a  great  deal 
of  pains. 

GENTIANA,  in  Botany,  a  genus  of  the  pcntandria  digynia 
class  and  order.  Natural  order  of  rotace*.  (ientiana;  Jussieu. 
There  are  flfty-lhrce  species.  The  most  remarkable  is  the 
lutea  or  common  gentian,  the  root  of  which  is  an  excellent 
stomachic  bitter. 
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GENUS,  amon^  Metaphysicians  and  Logicians,  denotRS  a 
number  of  lieinas  Hhicli  a^reeio  certain  general  properties  com- 
mon to  lliera  all. 

Genus,  in  Natural  History,  a  subdivision  of  any  class  or 
order  of  natural  lieinijs,  wlictlicr  of  ilic  aiiinial,  vcjjetable,  or 
mineral  kingdoms,  all  afcrccinp;  in  certain  coninion  characters. 

GEOCKNTRIC  I.atitmle  of  a  I'lanet,  is  its  distance  from 
the  ecliptic  as  it  is  sciii  from  llie  earth. 

GtoCEsrurc  Plme  of  a  Planet,  the  place  wherein  it  appears 
to  us  from  ihc  earth,  supposing  the  eye  there  fixed. 

GEOGRAPHY,  is  the  science  which  describes  the  surface 
of  the  earth  ;  its  various  kin'!;doms,  states,  and  empires  ;  the 
rivers  by  which  they  are  intersected,  their  mountains,  woods, 
&c.  The  several  kinsdonis  and  states  of  the  world  we  have 
already  described  under  the  respcelivc  words,  Africa,  Ame- 
rica, Asia,  and  Europe.  We  will,  therefore,  in  Ibis  article,  ticat 
very  brielly  of  the  natural  divisions  of  llie  earth,  and  what  is 
properly  termed  physical  geiigraphy. 

Geography  assigns  to  the  earth  the  following  grand  divisions  : 
— Europe,  Asia,  Africa,  America,  Australasia,  or  New  Holland. 

Of  the  grand  divisions  of  the  earth,  Asia  has  ev(M-  been 
esteemed  the  most  populous;  and  is  supposed  to  coniain  five 
hundred  millions  of  souls,  if  China,  as  has  been  averred  by 
the  latest  writers,  comprises  three  hundred  and  thirty  millions. 
The  population  of  Africa  may  be  estimated  at  thirty  millions, 
of  America  at  twenty  millions,  and  one  hundred  and  fifty  mil- 
lions may  perhaps  be  assigned  to  Europe. 

Modern  discoveries  have  evinced  that  more  than  two  thirds 
of  lh(^  globe  is  covered  with  water,  which  is  contained  in  hollow 
spaces,  or  concavities,  more  or  less  large.  IJut  the  chief  con- 
vexities or  protubcranr^es  of  the  globe  consist  of  elevated 
ui>Iands.  somcliines  cro«neil  by  mountains,  sometimes  rather 
level,  as  the  extensive  protuberance  of  Asia.  In  either  case, 
long  chains  of  mountains  commonly  proceed  from  those  chief 
convexities  in  various  directions,  and  the  principal  rivers 
usually  spring  from  the  most  elevated  grounds. 

The  grandest  concavity  of  tliis  gloljc  is  filled  by  the  Pacific 
Ocean,  oecupying  nearly  half  its  surface,  from  the  eastern 
shores  of  New  Holland  to  Ihc  western  coast  of  America,  and 
diversified  with  several  groups  of  islands,  which  seem  in  a 
manner  the  summits  of  vast  mountains  emerging  from  the 
waves.  This  ocean  receis  es  but  few  rivers,  the  chief  bring 
the  Amur  from  Tartary,  the  Hoan  Ho  and  Kian  Kii  from  China, 
while  the  principal  rivers  of  America  run  towards  the  east. 

Next  to  this  in  magnitu<le  is  the  Atlantic,  between  the  Old 
and  New  Continents;  and  the  third  is  the  Indian  Ocean.  The 
seas  between  the  arctic  and  the  antarctic  circles  and  the  poles, 
have  been  sometimes  stvled  ihe  Arctic  and  Antarctic  Oceans; 
but  the  latter  is  only  a  continuation  of  the  Pacific,  Atlantic,  and 
Indian  Oceans  ;  while  the  Arctic  Sea  is  partly  embraced  bv 
continents,  and  receives  many  important  rivers.  Besides 
these,  there  are  other  seas  more  minute,  as  the  Mediterraitean, 
the  Baltic,  and  others  still  smaller,  till  we  come  by  due  grada- 
tion to  inland  lakes  of  fresh  water. 

The  courses  of  rivers  are  sometimes  marked  by  oblong  con- 
ravities,  which  generally  at  first  intersect  the  higher  grounds, 
till  the  declivity  becomes  more  gentle  on  their  approach  t'> 
their  inferior  receptacles.  But  even  large  rivers  are  found 
sometimes  to  spring  fronr  lowland  marshes,  and  wind  through 
vast  plains,  unaccompanied  by  any  concavity,  except  that  of 
their  immediate  course;  while  on  the  other  hand,  extensive 
vales,  and  low  hollow  spaces,  freciuently  occur  destitute  of  any 
stream.  Rivers  will  also  sometimes  force  a  passage  where 
nature  has  erected  mountains  and  rocks  against  it,  and  where 
the  concavity  would  appear  to  be  in  another  direction,  whirh 
the  river  might  have  gained  with  more  ease.  In  like  manner, 
though  the  chief  mountains  of  Europe  extend  in  a  south- 
easterly and  north-westerly  direction,  vet  there  are  so  many 
exceptions,  and  such  numerous  and  important  variations  in 
other  parts  of  the  globe,  as  to  render  any  attempt  at  a  general 
theory  vain. 

From  Ihc  vast  expanse  of  oceanic  waters,  arises  in  the 
ancient  hemisphere  thai  wide  continent,  which  eonlnins  Asia, 
Europe,  and  Africa;  and  in  Ihe  modern  hemisphere  the  conti- 
nent of  America,  which  forms  a  kind  of  separate  island, 
divided  bv  a  strait  of  the  sea  from  the  ancient  coutinent.     In 


the  latter,  many  discoveries  of  great  importance  to  peo^rapliy 
are  of  a  very  recent  date,  and  it  is  not  above  eighty  )  cars  8inc<; 
we  obtained  an  impeifect  idea  of  the  extent  of  Siberia  and  the 
Russian  empire,  nor  above  thirty-five  since  ample,  real,  and 
accurate  knowledge  of  these  wide  regions  bigan  to  l.ediflused. 
So  that,  in  truth,  America  may  be  said  to  have  been  discovered 
by  Europeans  before  many  parts  of  Asia  ;  and  of  Africa  our 
knovi  ledge  continues  imperfect,  while  the  latest  observations, 
instead  of  diminishing,  rather  increase  our  idea  of  its  extent, 
at  least  in  regard  to  its  insular  appendages. 

But  the  grandest  division  of  the  ancient  continent  is  Asia, 
the  parent  of  nations,  and  of  civilization  :  on  the  north-cast 
and  south,  surrounded  by  Ihc  ocean  ;  but  on  the  west,  divided 
by  an  ideal  line  from  .Vfrica  ;  and  from  Europe  by  boundaries 
not  very  strongly  impressed  by  Ihe  hand  of  nature.  The  Rus- 
sian and  Turkish  cujpires,  extending  over  large  portions  of 
both  continents,  intimately  connect  Asia  with  Europe.  But 
for  the  sake  of  clearness  iind  precision,  geographers  retain  Ihc 
strict  division  of  the  ancient  conlinent  into  three  parts,  which, 
if  not  strictly  natural,  is  ethical,  as  the  manners  of  the  .Asiatic 
subjects  of  Russia,  and  even  of  Turkey,  differ  considerably 
from  those  of  the  ICuropcan  inhabitants  of  those  empires. 

Physical  Gcnyrnjilnj.  —  The  prevailing  theories  of  the  present 
day  are  the  inventions  of  Professor  Werner,  of  Frcyburnh,  and 
Dr.  James  Hutton,  of  Edinburgh  ;  each  of  these  has  been 
ably  supported  and  elucidated  by  the  proofs,  illustrations,  and 
comparative  views  of  acute  and  ehxiuent  eonlrovcrsialists,  and 
two  sects  have  been  formed,  under  Ihe  appellation  of  Wcrnc- 
rians  and  Ilutlonians.  The  first  principle  which  Ihe  Wcrne- 
riaii  theory  assumes  is,  that  our  globe  was  once  covered  with  a 
sort  of  chaotic  compost,  bedding,  cither  in  solution  or  suspen- 
sion, the  various  rocks  and  strata  which  now  present  them- 
selves to  us  as  ils  exterior  crust.  From  some  unoplained 
cause,  this  lluid  began  first  to  deposit  those  bodies  which  it  held 
in  chemical  solutioir,  and  thus  a  variety  of  crystallized  rocks 
were  formed.  In  these  we  find  no  vegetable  or  animal  remains, 
nor  even  any  roundcii  pebbles;  but  in  the  strata,  which  lie 
upon  the  crystalline  or  first  deposits,  shells  and  fragments 
occasionally  occur;  these,  Ihereiore,  have  been  termed  transi- 
tion strata  ;  and  it  is  imagined,  thai  the  peopling  of  the  world 
commenced  about  this  period.  The  waters  upon  the  earth 
began  now  more  rapidly  to  subside,  and  finely  divided  parti- 
cles, chicfiy  residting  from  disintegration  of  the  first  formations, 
were  its  chief  contents  ; — these  were  deposited  upon  the 
transition  rocks,  chiefly  in  horizontal  layers.  They  abound  in 
organic  remains,  and  are  termed  by  Werner,  Floctz,  or  secon- 
dary rocks. 

It  is  now  conceived,  that  the  exposure  of  the  primitive  transi- 
tion and  seconilarij  rocks  lo  the  agencies  of  the  wind  and  wea- 
ther, and  to  the  turbulent  state  of  the  remaining  ocean, 
produced  ineriualilies  of  surface,  and  that  the  water  retreated 
into  low  lands  and  valleys,  where  a  furlher  deposition  took 
phiee,  constituting  clay,  gravel,  and  other  alluvinl  formations. 

There  are  also  certain  substances  which,  instead  of  being 
found  in  regularly  alternating  layers  over  the  earth,  are  met 
with  io  patches;  as  rock-salt,  coal,  basalt,  and  some  other 
bodies  which  Werner  hath  called  suhoiilinate  formations. 
Lastly,  subterraneous  fires  have  sometimes  given  birth  to  pecu- 
liar and  very  limited  products;  and  these  are  called  lo/rniiii: 
rocks.  Such  is  Werner's  account  of  the  production  of  rocks, 
which  he  arranges  under  the  terms  primary  transition,  secondari/, 
alluvial,  subordiuaic,  and  volcanic  firmatinns. 

Hutton,  looking  upon  the  face  of  nature,  gives  a  very  diffe- 
rent aceoirnt  of  the  present  order  of  things,  and  observes  every 
thing  in  a  state  of  decay;  but  as  she  has  obviously  provided 
for  the  regeneration  of  animal  and  vegetable  tribes,  the  philo- 
sopher descries  iir  this  apparent  destruction  of  the  surface  of 
the  earth,  the  real  source  of  its  renovation.  The  stupendous 
monntiiins  exposed  to  Ihe  action  of  the  varving  temperature  of 
the  atmosphere,  and  ihe  waters  of  the  clouds,  arc.  by  slow 
degrees,  suffering  constant  diminulion ;  their  fragments  are 
dislodged,  masses  are  rolled  into  Ihe  valley,  or  carried  by  the 
rushing  torrent  into  rivers  ;  w  hence  ihey  are  transported  to  the 
sea.  The  lower  and  softer  rocks  are  undergoing  similar,  but 
more  rapid  deslmelioir.  The  result  of  all  thi.s  must  be,  Ihe 
accumulation    of  new   matlcr    in    the    ocean,   which   will    be 
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deposited  in  horizontal  layers.  Hulton  perceives  the  transi- 
tion rocks  of  Werner,  tliou<;h  not  strictly  crystalline,  made  up 
apparently  of  finely  divided  matter,  more  or  less  indurated  ; 
sometimes  very  hard  in  texture,  and  of  a  vitreous  fracture  ; 
that  this  hardenino;  is  most  perceptible  «hen  in  contact  with 
the  primitive  or  inferior  rock,  v\'hich  often  pervades  the  transi- 
tion rocks  in  veins,  or  appears  to  have  bioken  up  or  luxated 
the  superincumbent  masses.  The  transition  or  secondary 
rocks  of  Werner  were,  according;  to  Hutton,  deposited  at  the 
bottom  of  the  ocean,  in  couscquence  of  operations  similar  to 
those  which  are  now  active,  and  the  primary  rocks  were  formed 
beneath  them  by  the  operation  of  subterraneous  fires  ;  their 
crystalline  texture,  their  hardness,  their  shape  and  fracture, 
and  the  alterations  they  have  produced  upon  their  neighbours, 
are  the  proofs  of  the  correctness  of  these  views.  It  is  by  the 
action  of  fire  then,  that  rocks  have  been  elevated,  that  strata 
Iiave  been  hardened,  and  that  those  changes  have  resulted, 
which  an  examination  of  the  earth's  surface  unfolds.  The 
production  of  soils,  and  of  alluvial  lands,  is  considered  as 
dependent  upon  causes  the  same  as  those  referred  to  in  the 
other  theory.  Hutton  refers  to  fire  as  well  as  water,  for  the 
production  of  our  present  rocks  ;  the  former  consolidating, 
hardeiiini;-,  and  elevating  ;  the  latter,  collecting  and  depositing 
the  strata. 

GEOLOGY,  is  the  doctrine  of  the  earth  in  its  insentient,  or 
unorganized  frame,  or  of  those  masses  of  rock,  mountains, 
strata,  minerals,  f<c.  which  compose  the  earth.  The  science  of 
geology,  independently  of  the  ht-althy  employment  it  affords,  is 
of  great  importance  in  a  practical  point  of  view.  It  very 
nearly  concerns  the  miner,  engineer,  and  drainer,  and  even  the 
farmer  and  architect;  and  discloses  a  variety  of  indications 
liighly  useful  in  their  respective  pursuits:  to  the  miner,  the 
rocks  containing  metallic  veins  and  coals  ;  to  the  engineer, 
the  association  of  hard  rocks  with  soft;  to  the  drainer,  the 
intersection  of  a  country  by  hard  dykes,  or  veins  impermeable 
to  water;  to  tlie  farmer,  the  best  places  for  finding  lime-stone, 
marl,  and  clay  ;  aud  to  the  architect,  the  most  durable  stones 
for  building. 

The  stony  masses  of  which  the  earth  is  composed,  are  nume- 
rous, and  are  found  laid  one  above  another,  so  that  a  rock  of  one 
kindofstor.e  is  covered  by  another  species  of  rock,  and  this 
by  a  third,  and  so  on.  In  this  superposition  of  rocks,  it  has 
been  observed,  that  their  situation  is  by  no  means  arbitrary  ; 
each  occupies  a  determinate  place,  so  that  they  follow  one 
another  in  regular  order  from  the  deepest  part  of  the  earlli's 
crust,  which  has  been  examined,  to  the  very  surface.  Tims 
there  are  two  things  respecting  rocks  which  claim  our  attention  ; 
namely,  their  composition,  and  their  relative  situation.  But 
besides  the  rocks  v\l]ich  con>;liti;te  almost  the  whole  of  the 
earth's  crust,  there  are  masses  to  be  considered  traversing  the 
rocks  in  a  different  direction,  and  known  by  the  name  of  i<?iH*, 
as  if  the  rocks  had  split  asunder  in  dillerent  places  from  tup  to 
bottom,  and  the  chasm  had  been  afterwards  filled  up  with  the 
matter  which  constitutes  the  vein.  It  appears,  therefore,  that 
the  subject  naturally  divides  itself  into  three  parts;  I.  The 
structure  of  rocks  ;  2.  The  situation  ;  and  3.  Veins. 

Of  the  Structure  of  Rucks. — Rocks  may  bedi\ided  into  two 
classes:  first,  those  composed  of  one  mineral  substance,  and 
which  are  in  realitv  simple  rocks;  secondly,  we  observe  rocks 
that  are  compound,  or  composed  of  more  tlian  one  mineral  sub- 
stance. Cemeiiied  ;  composed  of  grains  atcglutinated  by  a 
cement,  as  snnd-slone.  Others  that  are  aggregated  ;  composed 
of  parts  connected  together  without  a  cement,  as  granite. 

■The  aggregated  rocks  are  liUevvise  of  two  kinds  ;  namely, 
I.  Indeterminate.  Oidyonc  instance  of  this  kind  of  aggregation 
lias  hitherto  occurred,  namely,  in  the  older  serpentine,  where 
limestone  and  serpentine  are  so  conjoined  that  it  is  diflicult 
to  say  which  predominates.  II.  Determinate,  which  are  either 
1.  Single  aggregated  ;  or  2.  Double  aggregated. 

There  are  four  kinds  of  single  aggregated  rocks;  namely,  1, 
Granular;  composed  of  grains  whose  length,  breadth,  and 
thickness  arc  nearly  alike,  and  which  are  of  contemporaneous 
formation  ;  as  gjunite  sienite.  1.  Slaty  ;  composed  of  plates 
laid  above  each  other;  as  mica  slate,  3.  Porph\ritic  ;  com- 
posed of  a  compact  ground,  containing  in  it  crystals,  which 
appear  to  have  been  deposited  at  the  time  the  rock  was  funned; 


as  common  porpliyry.  4.  Amygdaloidal ;  composed  of  a  com- 
pact  ground,  containing  in  it  vesicles  which  appear  to  liave 
been  afterwards  filled  up,;   as  anuiydoloid. 

There  are  five  kinds  of  double  aggregated  rocks;  namely,  1, 
Granular  slaty  ;  composed  of  slaty  masses  laid  on  each  other. 
Every  individual  slate  is  composed  ofgrains  cohering  together ; 
or  it  is  slaty  in  the  great,  and  granular  in  the  small  ;  asgneiss. 

2.  Slaty  granular  ;  composed  of  large  granular  masses  cohering 
together;  each  grain  is  composed  of  plates;  or  the  rock  is 
granular  in  the  great,  and  slaty  in    the  small  ;  as   topaz  rock. 

3.  Granular  porphyritic  ;  granular  in  the  small,  and  porphyritio 
in  the  great;  as  f/ranitc,  e/rceit-stoiie  freiiucntly.  4.  Slaty  por- 
phyritic, slaty  in  the  small,  porphyritic  in  the  great,  as  mica 
slate,  o.  Porphyritic  and  amy gdaloidal,  at  the  san.e  time  ;  as 
am\gdaloid  and  basalt  frecpieiitly. 

Of  t/ie  relative  Situation  of  Rocks. — The  rocky  masses,  amount- 
ing to  about  sixty,  are  variously  placed  over  each  other,  and 
occupy  determinate  situations,  limestone  above  granite,  &c. 
The  rocks  which  constitute  the  nucleus  and  even  crust  of  the 
earth,  are  thus  every  where  the  same,  in  the  same  situations  with 
respect  to  each  other,  and  they  may  all  he  divided  into  five 
classes  :  I.  The  nucleus  mass,  nearest  the  centre,  or  the  basis 
of  other  formations.  2.  Those  which  cover  the  first;  the  third 
covering  the  second,  and  so  on.  Therefore  the  first  class, 
though  covered  by  all  the  rest,  never  lie  over  any  other  class. 
These  grand  classes  of  rocks  he  has,  AenoimnaieCi  formations 
and  distinguished  them  by  the  following  specific  names.  I 
Primitive  formations.  2.  Transition  formations.  3.  Floetz, 
or  horizontal  formations.  4.  Alluvial  formations.  5.  Volcanic 
formations. 

The  primitive  formations  are  the  lowest  of  all,  and  the  allu- 
vial constitute  the  surface  of  the  earth  ;  for  the  volcanic  are 
confined  to  particular  points.  Not  that  the  primitive  are 
always  at  a  great  depth,  for  very  often  they  are  at  the  surface, 
or  even  constitute  mountains.  In  such  cases,  the  other  for- 
mations are  w  anting  altogether.  In  like  manner,  the  transi- 
tion, and  other  classes,  may  each  in  its  turn  occupy  the  surface 
or  conslitule  the  mass  of  a  mountain.  In  such  cases,  all  the 
subsequent  formations  are  v\  anting  in  that  particular  spot. 
Each  of  these  grand  classes  of  formations  consist  of  a  great  or 
small  number  of  rocks,  which  occupy  a  determinate  position 
with  respect  to  each  other,  and  which,  like  the  great  formations 
themselves  ,  may  often  be  wanting  in  particular  places. 

Class  1.  Primitive  Formations.  The  rocks  which  constitute 
the  primitive  formations  are  numerous,  and  have  been  divided 
into  seven  sets,  which  constitute  as  many  primitive  formations. 
They  are  distinguished  each  by  the  name  of  that  particular 
rock  which  constitutes  the  greatest  proportion  of  the  formation. 
And  these  seven  sets  of  primitive  formations  arc  the  following: 

1.  Granite,  f  -    xt  ,.••,■  i 

'y    Gneiss  '  '^-  Newest  primitive  porphyry, 

5!  Mica  slate,  l^'  Sienite, 

4.   Clay  slate,  7.  Newer  serpentine. 

The  granite  is  the  undermost,  the  sienite  the  uppermost,  of  the 
primitive  formations.  Granite  is  scarcely  mixed  with  any  other 
rock  ;  but  in  gneiss,  mica-slate,  and  clay-slate,  there  occur  beds* 
of  old  porphyry,  primitive  trap,  primitive  limestone,  old  serpen- 
tine, quartz  rock,  which  constitute  formations  subordinate  to 
gneiss,  mica-slate,  and  clay-slate.  Gypsum  is  met  with  in  beds 
of  mica-slate,  and  old  fiint  in  clay-slate.  These,  therefore,  are 
formations  subordinate  to  mica  and  clay-slate.  Thus,  besides 
seven  principal,  there  are  seven  subordinate  formations,  inter- 
spersed among  the  second,  third,  E-nd  fourth  formations,  to 
which  we  may  add  topaz  rock,  lying  over  gneiss  and  under  clay- 
slate,  so  that  the  primitive  formations  amount  in  all  to  15. 
Granite  is  the  oldest,  and  alluvial  the  newest  formations. 

Chiss  2.  Transition  Formations,  lying  immediately  over  the 
primitiv<!  formations,  consist  only  of  4  sets.  1.  Gray-wacke; 
2.  transition  lime-stone;  3.  transition  trap;  4.  transition  fiint- 
slate  ;  all  which  alternate  with  each  other,  except  the  lime- 
stone, v\hich  seems  to  rest  upon  the  primitive  formations. 
It  is   in  the  transition   rocks  that  petrifactions  first   make 

*  A  mountain  composed  of  the  same  layers  of  stone  is  said  to  be  strati- 
fied ;  but  it  U  composed  of  beds,  wlien  tlie  layers  are  of  difl'ercnt  kiudi  of 
stone. 
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Ibcir  appearance  ;  and  lliey  always  consist  of  species  of  corals 
and  zooplijtes,  wliicli  do  not  at  present  exist,  and  nliich 
therefore  we  may  suppose  extinct.  The  vej?etaljle  petrifac- 
tions are  likewise  the  lowest  in  that  kingdom,  such  as  femes, 
&c.  This  remarkahle  circumstance  has  induced  Werner  to 
conclude,  that  the  transition  rocks  were  formed  after  the 
earth  contained  organic  Iieings.  Hence  the  name  tiaii.ution 
which  he  has  imposed,  as  ifthcyliad  been  formed  when  the 
earth  was  passing  from  an  uninhabited  to  an  iidialited  state. 
The  date  of  their  formation  is  concei\e(l  to  be  very  remote, 
since  the  petrifactions  which  they  contain  are  the  remains  of 
animal  and  vegetable  species  now  extinct.  It  is  in  the  transi- 
tion rocks,  too,  that  carbonaceous  matter  makes  its  first  appear- 
ance in  any  as-ignable  quantity. 

Class  3.  Floetz  Furmations.  The  next  grand  class  of 
foimations  has  received  the  name  of  Jiaetz,  because  they  lie 
usually  in  beds  much  more  nearly  horizontal  than  the  preced- 
ing. When  not  covered  by  a  succeeding  formation,  they  form 
liills  which  do  not  rise  to  the  same  height  as  the  primitive  or 
transition.  They  contain  petrifactions  more  various  in  their 
nature  than  those  which  occur  in  the  transition  formations,  and 
consist  of  shells,  fish,  plants,  &e.  indicating,  that  tlicy  were 
formed  at  a  period  when  organized  beings  alioundcd. 

The  lloelz  formations  lie  immediately  over  the  transition. 
They  comijrehend  a  great  number  of  in(li\iilual  formations, 
each  of  which  allccls  a  particular  situation.  The  following 
table  exhibits  a  view  of  these  difi'erent  formations  in  the  order 
of  their  position,  as  far  as  is  known. 

I  6.  Second  floetz  or  shell  lime- 


1.  Old  red  sand-stone, 

2.  First  tloetz  lime-stone, 

3.  First    lloet-z    gypsum   with 

rock-salt, 

4.  Variegated  sand-stone, 

5.  Second  tloetz  gypsum, 


stone, 

7.  Third    sand-stone    or   free- 
stone, 

8.  Chalk, 

9.  Independent  coal, 

10.  Floetz  trap. 

The  floetz  trap  formation  lies  over  the  rest,  pretty  much  as 
the  newer  porphyry  and  sienile  do  over  the  older  primitive 
formations. 

Class  4.  Alluvial  FormMions.  The  alluvial  formations  con- 
stitute the  gieat  mass  of  what  is  actually  the  earth's  surface. 
They  have  been  formed  by  the  gradual  action  of  r.iin  and 
river  water  upon  the  other  f.irmations,  and  may  be  considered 
as  very  recent  formations,  or  rather  as  deposiles,  the  formal  ion 
of  which  is  still  constantly  going  on.  I'hey  may  be  divided 
into  two  kinds,  those  deposited  in  the  valleys  of  mountainous 
districts,  or  upon  the  elevated  plains  wliirh  often  occur  in 
mountains  ;  and  those  deposited  upon  flat  land.  The  first  kind 
consist  of  sand,  gravel,  &c.  whicli  constituted  the  more  solid 
parts  of  the  neighbouring  mountains,  and  which  remained  when 
the  less  solid  parts  were  washed  away.  They  sometimes  con- 
tain ores,  (particularly  gold  and  tin,)  which  existed  in  the  neigh- 
bouring mountains.  Sometimes  the  alluvial  soil  is  nashed,  in 
order  to  separate  these  ores.  On  mountain-plains  beds  of  loam 
are  found.  The  second  kind  of  alluvial  deposite,  or  that  «  hich 
occupies  the  flat  land,  consists  cd'  loam,  clay,  sand,  turf,  and 
calct.ufi'.*  Here  also  occur  earth  and  broun  coal,  (in  this 
mineral  amber  is  found,)  wood  coal,  bituminous  wood  and  bog 
iron-ore.  The  sand  contains  some  metals,  among  others  gold. 
The  calctufl"  is  a  chemical  deposite,  and  extends  widely.  It 
contains,  plants,  roots,  moss,  bones,  &e.  which  it  has  encrusted. 
The  clay  and  sand  often  contain  petrified  wood,  and  likewise 
skeletons  of  (|nadrupeds. 

Class  5.  Vulcanic  Formations.  The  volcanic  formations  are 
of  two  kinds;  namely,  pseudn-vnlcanic  and  the  true  volcanic. 
The  pseudo-volcanic  eonsisls  of  minerals  altered  in  coiinc- 
quenee  of  the  burning  of  beds  of  coal  situated  in  their  neigh- 
bourhood. Porcelain  jnsper,  earth  slag,  burnt  clay,  columnar 
clay-iron-stone,  and  perhaps  also  polishing  slate,  ate  the  mine- 
rals which  h.ive  been  thus  altered.  The  real  volcanic  minerals 
are  those  w  hicli  have  been  throw  n  out  of  the  crater  of  a  volcano. 
They  are  of  three  kinds.  1.  Those  substances  whicli  having 
been  thrown  out  from  time  to  time,  have  formed  the  ciatcr  of 
thcnmuntain.     2.  Those   which  have  been  thrown  out  of  the 
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'  Stalactic  or  calcareous  tufa. 


crater  in  a  stream,  and  rolled  down  the  mountain  ;  they  con.sii. 
tute  lavas.  3.  The  water  whicli  is  occasionally  thrown  out  of 
volcnnocs,  containing  ashes  and  other  liuhl  substances,  gra- 
dually evaporating,  leaves  the  earthy  matter  behind  it:  this 
substance  constitutes  volcanic  tuff. 

Until  lately,  the  cause  of  volcanic  fire  was  referred  to  sul- 
phur, coal,  and  other  inllaminable  matter,  supposed  to  be 
burning  in  immense  masses  in  the  bowels  of  the  earth  ;  but  the 
produi:ts  of  volcanic  irruptions  by  no  means  agree  with  such 
an  explanation.  Kartliy,  alkaline,  and  metallic  bodies,  form 
the  lava,  and  as  the  products  of  combustion  always  have  a 
reference  to  the  combustible,  such  matters  were  not  likely  to  be 
produced  fiom  sulphur  and  coal. 

We  have  only  to  suppose  the  access  of  water  to  large  masses 
of  different  metals,  anti  that  it  is  decomposed  by  a  galvanic 
action,  as  exemplified  in  experiments  where  copper  and  zinc 
are  used  in  voltaic  batteries.  J5y  these  means,  immense 
volumes  of  hydrogen  gas  are  let  free  as  the  metals  are  oxi- 
dized. The  violence  of  the  action  sets  fire  to  the  hydrogen,  and 
the  accumulated  heat  is  so  intense  as  to  cause  the  fusion  of 
every  surrounding  substance.  By  this  theory,  wo  arc  in  pos- 
session of  all  the  knowledge  that  is  wanted  to  produce  the 
tremendous  clleets  of  earthquakes  and  volcanoes  : — for  what 
power  can  resist  the  expansive  force  of  steam;  What  power 
can  resist  the  sudden  evolution  of  gaseous  fluid,  accompanied 
by  torrents  of  the  earth  in  a  state  of  fusion,  which  such  a  con- 
currence of  circumstances  must  give  rise  to,  and  which  are  tlie 
actual  concomitants  of  volcanic  irruptions? 

Of  Veins. — Veins  are  mineral  repositories  which  cut  through 
the  strata  of  which  a  mountain  is  composed,  and  which  aic 
filled  with  substances  dilferent  from  the  rocks  through  whicli 
they  pass.  If  we  suppose,  that  the  mountains  in  which  veins 
occur  were  split  by  some  means  or  other,  and  that  the  rifts 
thus  formed  were  filled  up  by  the  matter  which  couslituteij 
veins,  we  shall  have  a  clear  notion  of  these  mineral  repositories, 
and  wliieh  are  distinguished  from  beds  by  their  direction,  it 
being  either  perpendicular  to  the  stratifications,  or  at  least  ia 
an  angle  with  it.  Sometimes  the  strata  through  which  veins 
pass  arc  merely  separated  from  each  other;  so  that  if  we  cut 
through  the  vein,  we  find  the  same  strata  of  the  rock  on  both 
sides  of  it;  but  sometimes  also  the  corresponding  strata  on 
one  side  arc  lower  than  on  the  other,  as  if  the  portion  of  tho 
rock  on  one  side  of  the  vein  had  sunk  a  little,  while  the  poition 
on  the  other  side  kept  its  original  position.  In  such  cases  the 
side  of  the  rock  against  which  the  vein  leans,  or  the  fioorofthe 
vein,  has  alwavs  its  strata  highest  up  ;  whilst  the  strata  of  the 
portion  of  rock  which  leans  oier  the  veins,  or  the  roof  of  the 
vein,  arc  always  lowest.  So  that  this  is  the  portion  which 
appears  to  have  sunk.  Such  a  change  of  position  in  t!ie  strata 
is  known  in  this  country  by  the  name  of  a  shift. 

In  considering  veins,  there  arc  two  circumstances  which 
claim  our  attention:  namely,  1st.  The  shape  of  veins;  and, 
2dly.  The  substances  with  which  they  are  filled. 

1.  All  those  mineralogists  who  have  had  the  best  opportunity 
of  examining  the  shape  of  veins  with  correctness,  represent 
them  as  widest  above,  and  diminishing  in  size  as  the\  deepen, 
till  at  last  they  terminate  in  a  point,  as  if  they  had  been  origi- 
nally fissures.  Sometimes,  indeed,  veins  widen  in  ditierenl 
parts  of  their  course,  and  afterwards  contract  again  to  their 
former  size  ;  but  more  commonly  they  continue  diminishing  to 
tilt  ir  extremity. 

2.  Sometimes  these  veins  are  cither  partially  or  entirely 
empty.  In  that  case  they  are  denominated /ffswres  ;  but  most 
commonly  they  are  filli d  with  a  matter  more  or  less  difi'erent 
fiom  the  rock  thiongh  which  they  pass.  Sometimes  the  vein 
is  filled  up  with  one  species  of  mineral.  Thus  we  have  veins  of 
calcareous  spar,  of  quartz,  S;c. ;  but  when  a  vein  is  of  anv  size, 
we  usually  meet  with  a  variety  of  substances:  these  are  dis- 
posed ill  regular  layers  always  partillel  to  the  sides  of  the  vein, 
and  they  follow  in  their  position  a  very  regular  order.  One 
species  of  mineral  constitutes  the  centre  of  the  vein;  on  each 
side  of  this  central  bed  the  same  layers  occur  in  the  same 
order  from  the  centre  to  the  side  of  the  vein.  To  give  an 
example;  the  vein  Gregorins,  at  Freyberg,  is  composed  of 
nine  layers  or  beds.  The  niidille  I'f  the  vein  consists  of  a 
layer  of  calcareous  spar;  on  each  side  of  this  is  a  layer  con- 
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sisting;  of  various  ores  of  silver  mixed  together  ;  on  eacli  side 
of  this  a  layer  of  brown  spar;  on  each  side  of  this  a  la^er  of 
galena  ;  on  each  side  of  this  a^aiu,  and  contiguous  to  the  side 
cf  the  vein,  is  a  layer  of  quartz. 

The  following  diagram  will  cive  the  reader  some  notion  of 
the  relative  position  of  these  layers: — 
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Sometimes  the  number  of  layers  of  which  a  vein  is  composed 
preally  exceeds  this.  Werner  describes  one  in  the  district  of 
Freyberjj,  in  which  the  middle  layer  is  calcareous  spar,  having 
on  each  side  of  it  no  less  than  thirteen  layers  arranged  in  the 
\ery  same  order. 

Almost  all  the  mineral  substances  which  occur  in  the  ninss 
of  rocks  have  been  found  in  veins.  We  soijietimes  find  thpm 
filled  with  dilfcicnt  well-known  stony  bodies,  as,  granite, 
porphyry,  limestone,  basalt,  wacke,  green-stone,  &c.  ;  veins 
of  quartz,  clay,  felspar,  &c.  are  equally  common. 

Pit-coal  and  common  salt,  and  almost  all  the  melals,  like- 
wise occur  in  veins.  Some  veins  are  filled  with  water-worn 
pebbles,  others  with  loam;  sometimes  with  petrifac'iions. 

Werner  supposes  that  they  were  originally  fissures  formed 
in  the  rocks,  and  that  they  were  all  gradually  filled  by  minerals 
deposited  slowly  from  above,  while  the  rocks  in  which  they 
occur  were  covered  by  water,  and  that  they  were  filled  at  the 
same  time  that  the  dilicrent  formations  were  deposited. 

This  theory  he  has  supported  in  his  book  on  Veins,  by  a 
very  complete  enumeration  of  all  the  circumstances  respecting 
their  structure  and  appearances.  He  has  shewn  that  they 
resemble  fissures  very  exactly  in  their  shape  and  direction  ; 
and  that  as  tliey  contain  petrifactions  and  minerals  altered 
by  the  action  of  water,  they  must  of  necessity  have  been  filled 
from  above. 

Veins  of  course,  according  to  this  theory,  are  newer  than  the 
rocks  in  which  they  occur;  and  when  two  veins  cross,  that  is 
obviously  tiie  newest  which  traverses  the  other  without  inter- 
ruption, as  the  fissures  constituting  the  second  vein  must  have 
been  formed  after  the  first  vein  was  filled  up.  When  diderent 
veins  contain  the  same  minerals  arranged  in  the  same  order, 
he  conceives  that  they  were  filled  at  the  same  time,  and  says, 
that  such  veins  belong  to  the  same  formation.  When  they 
difl'er  in  these  respects,  they  belong  to  diflerent  formations. 
From  the  position  of  the  respective  veins  with  regard  to  each 
other,  he  deduces  their  relative  age;  and  from  this  draws 
inferences  respecting  the  relative  age  of  the  ditferpnt  mine- 
ral substances  that  occur  in  veins,  similar  to  the  inferences 
drawn  respecting  the  age  of  the  rocks  which  constitute  the 
grand  classes  of  formations. 

GEOMETRY,  denotes  one  of  the  most  general  and  import- 
ant of  the  mathematical  sciences  :  and  according  to  the  present 
acceptation  of  the  term,  may  be  defined  the  science  of  exten- 
sion, or  of  magnitudes,  considered  simply,  generally,  and 
abstractedly  ;  or  rather,  it  is  that  science  which  treats  of  the 
relative  magnitudes  of  extended  bodies.  Geometry  is  dis- 
tinguished into  several  denominations,  as  aBa?y<ica/,  e/ementar>/, 
practical,  &c. 

Elcmentarii  Geometry,  is  that  which  treats  of  the  properties 
and  proportions  of  right  lines  and  right-lined  figures,  as  also 
of  the  circle  and  its  several  parts,  and  is  either  theoretical  or 
pinctical. 

T/ieo/fdVa?  Geometry,  has  for  its  object  the  demonstration 
of  certain  geometrical  propositions. 

Practical  Geometry,  relates  to  the  performance  of  certain 
geometrical  operations,  such  as  the  construction  of  figures,  and 
the  drawing  of  lines  in  certain  positions,  as  parallel,  perpendi- 
cular, !s;c.  to  other  given  lines. 

Geo.\ietry  of  the  C'i»H;)a«,  is  a  modern  branch  of  practical 


geometry,  in  which  all  the  problems  are  performed  by  means  ol 
the  compasses  only. 

The  most  approved  modern  works  on  the  elements  of  geo- 
metry are  those  of  Euclid,  as  translated  by  Simson,  Ingram, 
and  Pla}fair;  and  the  treatises  of  Professor  Leisle,  and  M. 
Legendre.  In  practical  geometry,  we  may  recommend  the 
works  of  Mallet,  Clavins,  Tacquet,  and  Ozanam.  In  analyti- 
cal geometry,  those  of  Monge  and  Gamier. 

Prob.  1,  fig.  1. — To  bisect  a  given  line  A  B. — 1.  From  the 
points  .4,  13,  as  centres,  w  ith  any  distance  greater  than  half  A  B, 
describe  arcs  cutting  each  other  in  r  and  d.  1.  Draw  the  line 
rd  and  the  point  E,  where  it  cuts  A  B,  will  be  the  middle  of 
the  line  required. 

Prob.  2,  fig.  2. — From  a  given  point  C,  in  a  given  tight  line 
A  B,  to  erect  a  perpendicular.  When  the  point  is  near  the  mid- 
dle of  the  line :  I.  On  each  side  of  the  point  C  take  any  two 
equal  distances  C  d  and  Ce.  2.  From  d  and  e,  with  any  radius 
greater  than  Cri,  or  C  e,  describe  two  arcs  cuttingeach  other  in/". 


Fig.  1. 
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3.  Through  the  points  /,  C,  draw  the  line/C,  which  will  be  the 

perpendicular  required. 

Fig.  3  When  the  point  is  at,  or  near,  the  end  of  the  line.— I. 
Take  any  point  d  above  the  line,  and  with  the  radius  or  dis- 
tance rfC,  describe  the  arc  cCf.  cutting  A  B  in  e  and  C.  2. 
Through  the  centre  d  and  the  point  e,  draw  the  line  e  df,  cut- 
ting the  arc  c  C/,  in/.  3.  Through  the  points/andC,  drawr 
the  line_/"C,  and  it  will  be  the  perpendicular  required. 

Prob.  3,  fig.  4. — From  a  given  point  C,  without  a  given  right 
line  A  B,  to  let  fall  a  perpendicular. —  1.  From  the  point  C, 
with  any  radius,  describe  the  arc  de,  cutting  A  B  in  «•  and  d. 
2.  From  the  points  <■,  d  with  the  same,  or  any  other  radius, 
describe  two  arcs  on  the  other  side  of  the  line,  cutting  each 
othet  in/.  3.  Through  the  points  C,  /,  draw  the  line  C  D/, 
and  C  D  will  be  the  perpendicular  required. 


Fig.  3. 
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Prob.  4,  fig.  5. — At  a  given  point  D,  upon  the  right  line  D  E. 
to  make  an  angle  equal  to  a  given  angle  a  B  i. — I.  From  the 
point  B,  with  any  radius,  describe  the  arc  ab,  cutting  the  legs 
B  a,  B  b,  in  the  points  a  and  b.  2.  Draw  the  line  D  E,  and  from 
the  point  D,  with  the  san)e  radius  as  before,  describe  the  arc 
e  f,  cutting  D  E  in  e.  3.  Take  the  distance  b  a,  and  apply  it  to 
the  arc  e  f,  from  e  to/.  4.  Through  the  points  D/,  draw  the 
line  D/',  and  the  angle  e  D/ will  be  aqual  to  tlie  angle  iB<i, 
as  was  required. 

T'loft.  5,  fig.  G.— To  divide  a  given  angle  ABC  into  eqnal 
ancles. — 1.  From  the  point  B,  with  any  radius,  describe  the  arc 
AC.  2.  From  A  and  C,  with  the  same,  or  any  other  radius, 
describe  arcs  cutting  each  other  in  (/.  3.  Draw  the  line  B  </, 
and  it  will  bisect  the  angle  .V  B  C  into  three  equal  angles 
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Prob.  6,  (!!>:.  7.— 
To  trisect,  ordi\i(fc, 
a  right  an};le  ABC 
into  three  equal  an- 
gles.— I.  From  the 
point  B,  with  any 
radius  B  A, describe 
the  arc  A  C,  cutting 
the  legs  B  A.  and 
BC,  in  A  andC.  2. 
From  the  points  A, 
and  C,  with  the  ra- 
dius A  B,  or  B  C, 
cross  the  arc  A  C 
Fi</.  7. 


Fig.  8. 


in  d,  and  e.  3.  Throush  the  points  e,  rf,  draw  the  lines  Be, 
B  rf,  and  they  will  trisect  the  angles  as  was  re(|uired. 

Prob.  7,  fig.  8. — Through  a  given  point  C,  to  draw  a  line 
parallel  to  a  given  line  A  B. —  1.  Take  any  point  rf,  in  A  B, 
upon  U  and  C,  willi  the  distance  C  d,  describe  two  arcs  e  C,  and 
df,  cutting  the  line  A  B  in  e  and  </.  2.  Make  r/_/' equal  to 
c  C  ;  join  C f,  and  it  will  be  parallel  to  A  B  as  required. 

Fig.  9.  W/ien  the  parallel  is  tu  be  at  n  given  distance  E  Tfrom 
A  B.— 1.  From  any  two  points  c  and  rf,  in  the  line  A  B,  with  a 
radius  equal  to  E  F,  describe  the  arcs  e  and/.  2.  Draw  the 
line  C  1)  to  touch  those  arcs  without  cutting  them,  and  it  will 
be  parallel  to  A  B,  as  was  required. 

Prob.  8,  fig.  10. — To  draw  a  tangent  to  a  given  circle,  that 
shall  pass  through  a  giveu  point  A. —  1.  From  the  centre  O, 

Fig.  9.  Fig.  10. 
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draw  tlie  radius  O  A.     2.  Through  the  point  A,  draw  D  E  per- 
pendicular to  OA,  and  it  will  be  the  tangent  required. 

Prub.  9,  fig.  II. — To  draw  a  tangent  to  a  circle,  or  any  seg- 
ment of  a  circle  A  B  C,  through  a  given  point  B,  without 
making  use  of  tlic  centre  of  the  circle.  —  1.  Take  any  two  equal 
arcs  Bf/,  de.  upon  the  circle,  from  the  given  point  B,  and  draw 
the  chord  e  B.  2.  Upon  B,  as  a  centre,  witli  the  distance  B  rf, 
describe  the  arc  fdg,  cutting  the  chord  e  B  in/.  3.  Make  dg 
equal  to  df,  through  y  draw  g  B,  and  it  will  be  the  tangent 
required. 

Prob.  10,  fig.  12. — A  circle  ABC  being  given,  and  a  tangent 
C  H  to  that  circle,  to  find  the  point  of  contact. — 1.  Take  any 
point  e,  in  tne  tangent  C  H,  and  join  f  G.  2.  Bisect  e  Gin/, 
and  with  the  radius/e,  or/G,  desciibe  the  semicircle  eCG, 
cutting  the  tangent  and  the  circle  in  C,  it  will  be  the  point 
required. 

Ftg.  II.  Fig.  12. 


Proh.  11,  fig.  13. — Given  three  points  .\,  B,  C,  not  in  a 
straight  line,  to  draw  a  circle  through  them.  —  1 .  Bisect  the  lines 
AB,and  BC,  by  perpendiculars,  meeting  at  d.  2.  Upon  d,  with 
the  distance  d A,  dii,  or  dC,  describe  ABC,  it  will  be  the 
circle  required. 


Fig.  13. 


Fig.  14. 


Prob.  12,  fig.  14. — In  a  given  triangle.  A,  B,  C,  to  inscribe  a 
circle.— 1.  Bisect  any  two  angles  A  and  C,  with  the  lines  A  D, 
and  C  D.  2.  From  D,  the  point  of  intersection,  let  fall  the 
perpendicular  D  E,  it  w  ill  be  the  radius  of  the  circle  required. 

Prob.  13,  fig.  15.— In  a  given  square  A  BC  D,  to  inscribe  a 
regular  octagon. — 1.  Draw  the  diagonals  A  C,  and  D  B,  inter- 
secting at  e.  2.  Upon  the  points  .\,  B,  C,  D,  as  centres,  « ith  a 
radius  e  C,  describe  arcs,  he  I,  ken,  meg,fei.  3.  Join/n, 
m/(,  ki,  Ig,  it  will  be  the  octagon  required. 

Proh.  14,  fig.  16. — In  a  given  circle,  to  inscribe  an  equilateral 
triangle,  an  hexagon,  or  a  dodecagon.  Fur  the  equilateral 
triangle. — 1.  Upon  any  point  A,  iu  the  circumference  with  the 
radius  A  G,  describe  the  arc  B  G  F.  2.  Draw  B  F,  make  B  D 
equal  to  B  F.     3.  Join  D  F,  and  B  D  F  will  be  the  equilateral 

Fig.  15.  Fig.  16. 
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triangle  required.— J*!/)-  the  hexagon.  Carry  the  radius  A  G  six 
times  round  the  circumference,  the  figure  ABCDEF  will  be 
the  hexagon.— Fur  the  dodecagon.  Bisect  the  arc  A  B  in  k, 
and  A /i  being  carried  twelve  times  round  the  circumference, 
will  also  form  the  dodecagon. 

Prob.  15,  fig.  17. — In  a  given  circle  to  inscribe  a  square  or 
an  octagon.— 1.  Draw  the  diameters  AC  and  B  D.  at  right 
angles,  2.  Join  A  B,  B  C,  C  D,  D  A,  and  A  B  C  D  will  be  the 
square,— /"or  the  octagon.  Bisect  the  arc  A  B  in  E,  and  .\  E 
being  carried  eight  times  round,  will  also  form  the  octagon. 

Proh.  IG,  fig.  18.— In  a  given  circle,  to  inscribe  a  pentagon, 
or  a  decagon.  For  a  pentagon.— \.  Draw  the  diameters  A  F 
and  G  H,  at  right  angles,  cutting  each  other  in  I.  2.  Bisert 
G  I  in/,  upon/,  with  the  distance  of/.V,  describe  the  arc  .\.g; 

Fig.  17.  Fig.  18. 


upon  A,  with  the  distance  A^,  describe  the  arc  g  E  cutting  tho 
circle  in  E.  3.  .loin  A  E.  and  carry  it  round  the  circle  five 
times,  then  will  A  BODE  be  the  pentagon  required. — For  tht 
decagon.  B.soct  the  arc  A  E  in  i,  anilDi  being  carried  ten 
times  round,  will  also  form  the  dcoagoa. 
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Fig.  19. 


Fig.  20. 


Fig.  ax. 


Prob.  17,  fig. 
19. — Upon  a  giv- 
en line  AB,  to 
describe  an  equi- 
lateral triangle. 
l.Upontlie  points 
A  and  B,  witli  a 
radius  equal  to 
AB,  describe  arcs 
cutting  eacliother 
at  C.  2.  Draw 
A  C,  and  B  C,  it  will  be  the  triangle  required. 

Prob.  18,  fig.  20. — To  make  a  triangle,  whose  three  sides  shall 
be  equal  to  three  given  lines  D,E,F,  any  two  of  which  are  giealer 
than  ihe  third.— 1.  I>raw  A  B  equal  to  the  line  1).  2.  Upon  A, 
with  the  distance  E,  describe  an  arc  at  C.  3.  Upon  B,  with 
the  distance  F,  describe  another  arc,  intersecting  the  former  at 
C.  4.  Draw  AC  and  C  B,  and  ABC  will  be  the  triangle 
required. 

Piob.  19,  fig.  21— To  make  a  trape- 
zium equal,  and  similar  to  a  given  trape- 
zium A  BCD.  —  1.  Divide  the  given 
trapezium  A  BCD  into  two  triangles, 
by  a  diagonal  AC.  2.  Make  EF  equal 
to  A  B,  upon  E  F  construct  the  triangle 
EF  G,  whose  three  sides  will  be  respec- 
tively equal  to  the  triangle  A  B  C.  3. 
Upon  EG,  which  is  equal  to  A  C,  con- 
struct the  triangle  E  G  H,  whose  two 
sides  E  H,  and  G  H,  are  respectively 
equal  to  A  D  and  C  D,  then  E  FGH 
will  be  the  trapezium  required.  In  the 
same  manner  may  any  irregular  polj  gon 
be  made  equal  and  similar  to  a  given 
dividing  the  given  polygon  into  triangles, 
triangles  in  the  same  manner  in  the  required  polygon,  as  is 
shewn  by  figures. 

Prob.  20,  fig.  22. — To  make  a  triangle  equal  to  a  given  tra- 
pezium A  BCD. —  1.  Draw  the  diagonal  BD,  makeCE  parallel 
to  it,  meeting  Ihe  side  A  B,  produced  in  E.  2.  Join  D  E,  and 
ADE  «ill  be  (he  triangle. 

Prob.  21,  fig.  23. — To  make  a  triangle  equal  to  any  given 
right-lined  figure  .\BCDE.— I.  Produce  the  side  AB  both 
wavs  at  pleasure.  2.  Draw  the  diagonals  AD  and  B  D,  and 
make  B  F  and  C  G  parallel  to  tliem.  3.  Join  D  F,  DG,  then 
D  F  G  will  be  the  triangle  required.  Much  after  the  same 
manner  may  any  other  right-line  figure  be  reduced  to  a  triangle. 


irregular  polygon,  by 
and  constructing  the 


Fig.  22. 


Fig.  23. 
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Proh.  22,  fig.  24  —To  reduce  a  triangle  A  B  C  to  a  rectangle. 
— 1.  Bisect  the  altitude  .V  Fin  G,  through  G  draw  ED  parallel  to 
BC.  2.FromC  j^,V,.  05. 

draw   CD  per-  J-<g.2l.  J 

pendicular  to 
B  C,  and  B  E 
parallel  to  CD, 
then  B  C  D  E 
\.\\\  be  the  rect- 
angle required. 

Prob.  23,  fig. 
26.— -To  make  a 
rectangle,  hav- 
ingaside  equal 

to  a  given  line  A  B,  and  equal  to  a  given  rectangle  CDEF. — 
Produce  the  sides  of  the  rectangle  C  F,  D  E,  F  E,  and  CD. 
2.  Make  EG  ecjual  to  A  B,  through  GdrawLH  parallel  to 
DE,  cutting   CD  produced  at  L.     3.  Draw  the  diagonal  L  E, 
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and  produce  it  till  it  cut  C  F  at  K.  4.  DrawKH,  parallel  to 
EG,  then  will  EGH  be  the  rectangle  required. 

Prob.  24,  fig.  26.— To  make  a  square  equal  to  a  given  rect- 
angle ABC  D.— 1.  Produce  the  side  A  B,  make  B  E  equal  to 
B  C.  2.  Bisect  A  E  in  I,  on  I,  as  a  centre  with  the  radius  I  E 
or  I  A,  describe  the  semicircle  A  H  E.  3.  Produce  the  side  C  B 
to  cut  the  circle  in  H,  on  BH  describe  the  square  BHGF, 
and  it  will  be  the  square  required. 

Prob.  '2C),  fig.  27. — To  make  a  square  equal  to  two  given 
squares   A  and  B.— 1.  Make   DE   equal   to  the  side  of  the 

Fig.  26.  Fig.  27. 


square  A,  and  DF  perpendicular  to  D  E,  equal  to  the  side  of 
Ihe  square  B.  2  Draw  Ihe  hypothenuse  F  E  ;  on  it  describe 
the  square  EFG  H,  it  will  be  the  square  required. 

Prob.  20.  fig.  28. — To  make  a  square  equal  to  three  given 
squares  A,  B,  C. — 1.  Make  D  E  equal  to  Ihe  side  of  the  square 
A,  and  DF  perpendicular  to  D  E,  equal  to  ihe  side  of  the 
square  B.  2.  Join  F  E,  draw  F  G  perpendicular  to  it.  3 
Alake  FG  equal  to  the  side  of  Ihe  square  C;  join  G  E,  then 
GE  will  be  the  side  of  the  square  required. 

Prob.'27,  fig. 29. — Two  right  lines  AB,and  CD,  being  given. 


Fig.  28. 


to  find  a  third  pro- 

Fig.29.  porlioual.-l.Make 

an  angle  H  E  I   at 

A ^B  pleasure,    from   E, 

C ^  makeEF  equal  to 

CD.  and  EG  equal 

to   A  B,  join   FG. 

2.  Make  EH  equal 

to   EG,   and  draw 

HI  parallel  to  FG, 

D  j-3  then  E I  will  be  Ihe 

third  proportional  required,  that  is,  E  F  :  E  G  :  :  E  H  :  E  I, 

or  C  D  :  A  B  :  :  A  B  :  E  I. 

Prub.2S,  fig.  30.— Three  right  lines  AC,  CD,  EF,  being 
given,  to  find  a  fourth  proportional. — 1.  JIake  the  angle  H  G  I 
at  pleasure:  from  G  make  GH  equal  to  AB;  GI  equal  to 
CD;  and  join  HI.  2.  Make  G  K  equal  10  E  F,  draw  KL 
through  K  parallel  to  H  I,  then  G  L  will  be  the  fourth  propor- 
tional recpiired;  that  is, 'G  11  :  G  I  :  :  G  K  :  G  L,  or  A  B  : 
C  D  :  :  E  F  :  G  L. 

Prob.  29,  fig.  31. — To  divide  a  given  line  A  B,  in  the  same 
proportion  as  another,  C  D  is  divided. — I.  Make  any  angle 
KHI;  and  make  HI  equal  to  A  B  ;  then  apply  the  several 

Fig.  30  Fig.  31. 


A 

-B 

I 

i-«  -^""^ 

^ 

1 1— !— '.D. 


B.     II 


h       t      K    I       ^ 


parts  of  CD  from  II  to  K,  and  join  K  I.  2.  Draw  Ihe  lines 
o  h,  if,  kg,  parallel  to  I  K,  and  the  line  H  I  will  be  divided  lu 
/i,  I,  A,  /,  as  was  required. 

GERANIUM,  in  Botany,  Crane's  Bill,  a  genus  of  plants 
belonging  to  the  monadclphia  class,  and  in  the  natural  order 
ranking  tlie  14tli  orde'  Gruminnles. 

GERARDIA,  a  genus  belonging  to  the  didynamia  class,  and 
in  the  natural  method  ranking  under  Ihe  40ih  order. 

GERMEN,  the  seed  bud  ;  defined  by  Linn.Tus  to  be  the 
base  of  the  pistillum,  which  contains  the  rudiments  of  the  seed ; 
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-ind,  in  progress  of  veget-ation,  swells,  and  becomes  the  seed 
itself.     Hence, 

GERMINATION,  among  Botanists,  comprehends  the  pre- 
cise time  which  seeds  take  to  rise,  after  thoy  have  hecn  com- 
mitted to  the  soil,  and  Air  and  Wathr  are  the  agents  of 
germination.  Millet,  wheat,  and  several  of  the  grasses,  rise  in 
a  day  ;  spinach,  beans,  turnips,  &c.  in  three  days  ;  lettuce  and 
dill  in  four;  cucumher,  gourd,  melon,  and  cress,  in  five;  ra- 
dish and  beet  in  six  ;  cabbage  in  ten  ;  parsley  in  fifty  ;  peach, 
almond,  and  walnut  in  a  year  ;  and  the  sensitive  plant  retains 
its  germinating  virtue  for  thirty  or  forty  years! 

GILDING,  the  application  of  gold  to  the  surfaces  of  bodies, 
is  performed  in  two  ways.  Wood,  leather,  paper,  and  soft 
substances,  are  gilt  by  fastening  on  gold  leaf  by  some  kind  of 
cement;  but  metals  are  gilded  by  a  chemical  process,  called 
water  gildinr/ :  while  the  former  is  cMed  oil  f/ildtnt/,  buniis/icrl 
gilding,  and  japanner's  ffihting.  The  instruments  necessary  for 
gilding  are  a  cushion,  knife,  tip,  and  fitch,  which  are  to  be  had 
in  any  colour  shop.  The  gold  leaf  is  either  pure  gold,  ('i^p/Zoiji^; 
pale  gold,  (greenish ;)  or  Dutch  gold,  that  is,  copper  coloured 
by  the  fumes  of  zinc.  The  cushion  receives  the  gold,  the  knife 
parts  it;  the  tip,  a  tool  made  by  fastening  the  long  hairs  of  a 
squirrel's  tail  between  two  cards,  is  used  for  taking  up  tlic 
gold  leaf  after  it  is  cut,  and  laying  it  on  the  article  to  be 
gilded.  AJitcli  pnuil  is  used  for  the  same  purpose  as  the  last, 
in  taking  up  very  small  bits  of  gold  leaf.  A  ball  of  cotton  is 
used  for  pressing  down  the  leaf,  after  it  is  laid  on  ;  a  large 
camel's  hair  brush  for  dusting  the  work,  and  clearing  away  the 
supertluous  gold. 

Oil  (iiliHiif/.  Prime  the  work  first  with  boiled  linseed  oil 
and  white-load  ;  when  dry,  do  it  over  with  a  thin  coat  of  gold 
size,  consisting  of  stone-ochre  ground  in  fat-oil.  When  that 
is  so  dry  as  to  feel  clammy,  it  is  fit  for  gilding.  Spread  the 
leaves  of  gold  upon  the  cushion,  cut  them  into  slips  of  the  pro- 
per width  for  covering  the  work,  breathe  upon  the  tip,  as  by 
moistening  it  thus,  it  will  take  up  the  leaves  from  the  cushion. 
Apply  tliem  by  the  tip  on  the  proper  parts  of  the  work,  and  press 
them  down  by  the  ball  of  cotton.  Repair,  by  putting  small 
pieces  of  gold  on  any  parts  which  you  have  omitted  to  cover. 
When  the  work  is  covered,  let  it  dry,  and  then  clear  it  oil'  with 
the  brush.  This  sort  of  gilding,  the  easiest  and  least  expensive, 
will  stand  the  weather,  and  may  at  any  time  be  cleaned  with  a 
little  water. 

Burnished  Gilding  is  the  sort  of  gilding  generally  used  for 
picture-frames,  looking-glasses,  &c.  The  wood  intended  to  be 
gilt  in  this  manner,  should  first  be  sized,  then  done  over  with 
eight  coats  of  size  and  whiting,  to  cover  it  with  a  body  of  con- 
siderable thickness.  Having  laid  a  sufiicient  quantity  of  whit- 
ing upon  the  work,  it  must  be  cleaned  olf,  freeing  all  the  cavi- 
ties and  hollows  from  the  whiting  that  may  have  choked 
them  up,  and  by  proper  moulds  and  tools,  restoring  the  sharp- 
ness of  the  mouldings.  It  then  receives  a  coat  of  size,  made 
by  boiling  Armenian  bole  willi  parchment  size.  As  this  must 
not  remain  till  it  is  quite  dry,  it  is  prudent  not  to  lay  on  more 
at  a  time  than  can  be  gill  before  it  becomes  too  dry.  The 
work  being  thus  prepared,  place  it  a  little  declining  from  you, 
and  with  clean  water  and  a  hair  pencil  moisten  a  part  of  it, 
apply  the  gold  by  the  tip  to  the  moistened  part,  it  will  imme- 
diately adhere  to  the  work:  proceed  to  wet  the  next  part,  and 
apply  the  gold  as  before,  repeating  this  operation  till  the  whole 
is  completed ;  let  not  any  drops  of  water  come  upon  the  gold 
already  laid  on.  therefore  no  part  should  be  misse<l  in  going 
over  it  at  first,  since  it  is  not  so  easily  mended  as  oiT  gilding. 
The  work  being  thus  gilt,  remains  twenty-four  hours  ;  when 
the  parts  designed  to  be  burnished  are  polished  with  a  dog's 
tooth,  or  an  agate  burnisher,  but  the  gilding  must  not  be  quite 
dry  when  it  is  burnished. 

Japannrr's  Gilding.  To  gild  japanned  work,  we  draw  with  a 
hair  pencil,  in  gold  size,  the  intended  ornaments,  and  after- 
wards apply  gold  leaf  or  gold  powder.  The  gold  size  is  pre- 
pared thus  :  take  of  linseed-oil,  and  of  gum-animi,  four  ounces. 
Boil  the  oil,  add  the  gum-animi  gradually  in  powder,  stirring 
each  quantity  in  the  oil  till  it  be  dissolved,  then  pot  in  another, 
till  the  whole  be  mixed.  Let  the  mixture  boil  till  it  ac(|uire  a 
thicker  consistence  than  tar  ;  strain  the  whole  through  a  coarse 
cloth,  and  keep  it  for  use  ;  when  applied,  it  must  be  mixed  with 
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vermilion  and  oil  of  turpentine.  Having  laid  on  the  gold  size, 
and  allowed  it  to  dry,  the  gold  leaf  is  applii-d  in  the  usual  way, 
or  if  it  is  not  »  anted  to  shine  so  much,  g<dd  pow  der  is  applied, 
which  is  made  by  grinding  gold  leaf  upon  a  stone  with  honey, 
and  afterwards  washing  the  honey  away  with  water.  If  tl.c 
gilding  is  varnished,  Dutch  gold  may  be  used,  instead  of  real 
gold  powder,  or  aurum  musivum  may  be  used. 

To  Write  on  Paper  uith  Letters  of  Gold.  Put  gum-arabic 
into  writing  ink,  and  write  in  the  usual  way.  When  the  writ- 
ing is  dry,  breathe  on  it;  the  warmth  and  moisture  will  softea 
the  gum,  and  cause  it  to  fasten  on  the  gold  leaf,  which  may  be 
laid  on  in  the  usual  way,  and  the  superfluous  part  burnished 
olf.     Or,  instead  ol  this  use  japanner's  size. 

To  lag  Gold  up>,n  White  i^arthenuare,  or  Glass,  Draw  the 
design  upon  the  vessel  to  be  gilt  with  japanner's  gold  size, 
moistening  it  if  necessary  with  oil  of  turpentine.  Set  the  work 
in  a  room  free  from  dust,  to  dry,  for  an  hour,  then  place  it  so 
near  the  fire  that  you  could  just  bear  the  heat  of  it  with  your 
hand  for  a  few  seconds.  Let  it  remain  there  till  it  feels  clammv, 
then  lay  some  gold  leaf  on  it  in  the  usual  way.  Then  put  the 
ware  into  an  oven  to  be  baked  for  about  three  hours.  Glasses, 
&c.  are  gilt  by  drawing  the  figures  with  shell  gold  mixed  with 
gum-arabic  and  borax.  Then  apply  sufficient  heat  to  it,  and 
lastly  burnish  it. 

'Jo  Gild  on  Glass  or  Porcelain,  hg  Biirning-in.  Dissolve  gold 
in  aqiia-regia,  evaporate  the  acid  by  Iicf.!,  and  you  will  obtain 
a  gold  powder;  or  precipitate  the  gold  from  the  solution  by 
pieces  of  copper.  Lay  this  gold  on  with  a  strong  solution  of 
borax  and  gum  water,  and  it  may  be  biirned-in. 

To  Gild  jVttals.  One  melliod  of  applnng  gold  upon  metals 
is  by  first  cleaning  the  metal  to  be  gill ;  gold  leaf  is  then  laid 
on  it.  This  rubbed  with  a  polished  blood  stone,  and  a  certain 
degree  of  heat,  adheres  perfectly  well.  In  this  manner  silver 
leaf  is  fixed  and  burnished  upon  brass,  in  the  making  of  what 
is  called  Fremh  Plate;  and  sometimes  gold  leaf  also  is  bur- 
nished upon  copper  and  iron. 

Gilding  bg  Amalgamation  is  by  previously  forming  the  gold 
into  a  paste,  or  amalgam,  with  mercury.  But  to  obtain  an 
amalgam  of  gold  and  mercury,  the  gold  is  reduced  into  thin 
plates  or  grains,  heated  red-hot,  and  thrown  into  mercury  pre- 
viously heated,  till  it  begins  to  smoke.  Upon  stirring  the 
mercury  with  an  iron  rod,  the  gold  totally  disappears.  The 
proportion  of  mercury  to  gold  is  generally  as  six  or  eight  to 
one.  The  method  of  gilding  by  amalgamation,  is  chiefly  used 
for  gilding  copper,  or  an  alloy  of  copper,  with  a  small  portion 
of  zinc,  which  rceeivrs  the  annlgam  more  readily,  and  is  pre- 
ferable on  account  of  its  colour,  resembling  that  of  gold  more 
than  the  colour  of  enjiper.  When  the  metal  to  be  gilt  is 
wrought  or  chased,  it  is  previously  covered  with  quicksilver 
before  the  amalgam  is  applied,  that  this  may  spread  easier  ; 
but  when  the  surface  of  the  metal  is  plane,  the  amalgam  may 
he  applied  to  it  directly.  The  metal  to  be  gill  is  first  rubbed 
with  acpia-fortis,  which  cleans  the  surface  from  any  rust  or 
tarnish  that  might  prevent  the  union  of  the  metals.  "The  amal- 
gam is  then  spread  equally  over  the  surface  by  a  brush,  and 
the  mercury  is  evaporated  by  heat  suflicicnl  for  that  purpose; 
if  the  heat  be  too  great,  part  of  the  gold  also  may  be  expelled, 
and  part  of  it  will  run  together,  and  leave  some  of  the  surface 
of  the  metal  bare,  ^\'llile  the  mercury  is  evaporating,  the 
work  is  from  time  to  time  taken  from  the  fire,  and  examined, 
that  the  amalgam  may  be  spread  more  equally  by  means  of  a 
brush  ;  and  any  defective  parts  again  covered,  and  that  the 
heat  may  not  be  too  suddenly  applied.  When  the  mercury  has 
evaporated,  which  is  known  by  the  surface  becoming  entiiely 
of  a  dull  colour,  the  metal  then  undergoes  other  operations,  by 
which  it  receives  the  fine  gold  colour.  First,  the  gilded  piece 
of  metal  is  rubbed  with  a  scratch-brush  (a  brush  made  of  brass 
wire,)  till  its  surface  is  quite  smooth;  it  is  then  covered  with 
gilding  uu.r,  and  again  exposed  to  the  fire  till  the  wax  be  burnt 
off.  This  wax  is  composed  of  bees-wax.  mixed  with  either  red 
ochre,  verdigiis,  copper  scales,  alum,  vitriol,  or  borax  ;  but  tho 
saline  substances  are  sufficient  without  any  wax.  The  colour 
of  the  gilding  is  heightened  by  this  operation.  The  gilt  surface 
is  then  covered  with  a  saline  composition  of  nitre,  alum,  or 
other  vitriolic  salt,  ground  together,  and  mixed  into  a  paste 
with  water  and  urine.  The  metal  thus  covered  is  exposed  to  a 
5g 
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certain  decree  of  heat,  and  then  quenched  in  water.  By  this 
method  its  colour  is  further  improved,  and  broufjht  nearer  to 
that  of  gold.  This  eflect  seems  to  be  produced  bv  the  acid  of 
nitre  (which  is  disensja^ed  by  the  sulpliuric  acid  of  the  alum, 
duriuir  the  exposure  to  heat)  acting  upon  any  particles  of  cop- 
per which  may  happen  to  lie  upon  the  eilded  surface.  Lastly, 
some  artists  think  that  they  f;i\e  an  additional  lustre  to  their 
gilt  work,  by  dipping  it  in  a  liquor  prepared  by  boiling  some 
yellow  mateiials,  as  sulphur,  orpiment,  or  turmeric.  The  only 
advantiii!;e  of  this  operation  is,  that  part  of  the  yellow  matter 
remains  in  some  of  the  hollows  of  the  carved  work,  in  which 
the  o:ildin^-  is  apt  to  be  more  imperfect,  and  to  which  it  gives  a 
rich  anil  solid  appearance. 

GiUiiiff  Iron  or  Steel.  In  silking  iron  or  steel  by  means  of 
an  amalgam,  as  the  metal  has  no  affinity  for  the  mercury,  an 
ai;ent  is  employed  to  dispose  the  surface  to  receive  the  aildins. 
This  agent  is,  a  solution  of  mercury  in  nitrous  acid  (aqua  for- 
tis,)  or  what  workmen  call  quicksilver  water,  applied  to  the 
parts  to  be  gilded  ;  the  acid,  by  a  stronger  affinity,  seizes  on  a 
portion  of  the  iron,  and  deposits  in  its  place  a  thin  coating  of 
mercury,  which  v\ill  not  refuse  a  union  afterwards  with  the 
gold  amalgam  that  may  be  applied  ;  by  this  process,  the  nitrous 
acid  injures  the  surface  of  the  metal,  and  the  union  of  the  mer- 
cury being  very  slight,  a  bright  and  durable  gilding  cannot  be 
obtained. 

Another  Method.  Apply  a  solution  of  blue  vitriol  with  a 
camel's-hair  pencil,  to  the  parts  of  the  steel  to  be  gilt,  and  by 
a  chemical  action,  similar  to  that  we  described  as  taking  place 
when  a  solution  of  nitrate  of  mercury  is  employed,  a  thin  coat- 
ing of  copper  is  precipitated  on  the  metal.  The  copper  has  an 
affinity  for  mercury,  and  a  union  is  thus  effected  between  the 
amalgam  and  the  iron  or  steel.  15ut  the  surface  is  injured  by 
the  action  of  the  acid  employed,  and  still  a  heat  sufficient  to 
volatilize  the  mercury  must  be  afterwards  used. 

Gilfliiir/  of  Iron  bi/  Heat.  AVhen  the  surface  lias  been 
polished  hiight,  it  is  heated  till  it  becomes  blue.  Gold  leaf  is 
then  applied,  and  burnished  down.  It  is  then  heated  again, 
another  layer  of  gold  burnished  on  it,  and  in  this  manner  three 
or  four  coats  are  given,  according  to  the  intended  strength  of 
the  gliding.  This,  though  a  more  laborious  process  than  the 
two  last,  is  not  attended  with  so  much  lisk. 

An  Improved  Process  for  (iUdiiic/  Iron  or  Steel.  This  process, 
less  known  among  artists  than  it  deserves  lo  be,  cannot  fail  to 
be  useful  to  those  who  gild  iron  or  steel.  The  first  part  of  (he 
process  consists  in  pouring  over  a  solution  of  gold  in  nitro- 
muriatic  acid  (aqua  regia)  about  twice  as  much  ether.  This 
must  be  done  with  caution,  and  in  a  large  vessel.  These  liquids 
are  then  shaken  together,  and  as  soon  as  the  mixture  is  at  rest, 
the  ether  will  be  seen  separating  itself  from  the  nitro-mnriatic 
acid,  and  floating  on  the  surface.  Tlie  nitro-muriatic  acid 
becomes  more  transparent,  and  the  ether  darker,  than  they 
were  before;  because  the  elher  has  taken  the  gold  from  the 
acid.  The  whole  mixture  is  then  poured  into  a  glass  funnel 
with  a  small  aperture,  which  must  not  he  opened  till  the  lluids 
have  separated  themselves  from  each  other.  It  is  then  opened, 
and  the  nitro-muriatic  acid  will  run  oil,  it  having  taken  oft' the 
lowest  placf  bv  its  greater  gravity  ;  the  aperture  is  then  shut, 
and  the  funnel  w  ill  he  found  to  contain  nothing  but  elher  mixed 
with  gold.  Tliis  is  preserved  for  use  in  bottles  well  closed.  In 
order  to  gild  irini  or  steel,  the  metal  is  first  well  polished  with 
emery,  or  the  finest  crocus  martis,  or  cnlcothar  of  vitriol,  and 
common  brandy.  The  auriferous  ether  is  then  applied  with  a 
small  hriisli ;  the  ether  soon  evaporates,  and  the  gold  renmins 
on  the  surface  of  ihe  metal.  The  metal  may  then  be  put  into 
the  fire,  and  afterwards  polished.  By  means  of  this  auriferous 
ether,  figures  of  all  kinds  may  be  delineated  on  iron,  by  a  pen 
or  fine  brush.  Instead  of  ether,  the  essential  oils  of  turpentine 
or  lavender  may  be  used  which  will  also  take  gold  from  its 
solution. 

Cold  (lildinff  of  Silver.  Dissolve  gold  in  nitro-muriatic  acid, 
dip  some  linen  rags  in  the  solution,  then  burn  them,  and  pre- 
serve the  aslies.  Whatever  is  to  be  gilded  must  be  previously 
well  burnished  :  a  piece  o!  cork  is  then  (lippe<l,  first  into  a 
solution  of  salt  and  water,  and  afterwards  into  the  blark  pow- 
der, and  the  piece  being  rubbed  with  it  must  be  burnished. 

Gitdiiii/  Copper  or  JSrass  is  thus  done :  evaporate  a  saturated 


solution  of  gold  to  the  consistence  of  oil,  let  it  shoot  Into  crys- 
tals, which  dissolve  in  pure  water,  inmierse  in  this  the  articles 
to  be  gilded,  wash  them  afterwards  in  pure  water,  and  burnish 
them. 

Grecian  Gildinr/.  Dissolve  mercury  in  muriatic  acid,  (spirits 
of  salt,)  which  will  give  a  muriate  of  mercury.  Equal  parts  of 
this  and  sal  annnoniac  are  then  mixed,  and  dissolved  in  aqua- 
fortis. Put  some  gold  into  this,  and  it  will  dissolve.  This 
applied  to  silver,  becomes  black  ;  but  by  heating,  it  assumes  the 
appearance  of  gilding. 

To  make  Shell  Gold.  Grind,  in  a  mortar,  gold  leaf  and 
honey,  then  wash  away  the  honey  with  water,  and  mix  the 
gold  powder  with  gum  water.  This  may  be  applied  to  any 
article  with  a  camel's-hair  pencil,  in  the  same  way  as  any 
other  colour. 

GIMBALS,  the  brass  rings  by  which  a  sea-compass  is  sus- 
pended in  its  box,  so  as  to  counteract  the  ell'ect  of  the  ship's 
motion,  and  keep  the  card  horizontal. 

GIMBLETING,  a  term  applied  to  the  anchor,  to  denote  the 
action  of  turning  it  round  by  the  stock,  so  that  the  motion  of 
the  stock  appears  similar  to  that  of  the  haudle  of  a  gimblct 
when  it  is  employed  to  turn  tlie  wire. 

GIN,  in  Mechanics,  a  machine  for  driving  piles,  fitted  with  a 
windlass  and  winch  at  each  end,  where  eight  or  nine  men 
heave,  and  round  which  a  rope  is  reeved  that  goes  over  the 
wheel  at  the  top  ;  one  end  of  this  rope  is  seized  to  an  iron 
monkey  that  hooks  to  a  beetle,  of  dift'erent  weights,  according 
to  the  piles  that  arc  (o  he  driven,  being  from  8  to  13  hundred 
weight  ;  and  when  hove  up  to  a  cross  piece,  near  the  wheel,  it 
unhooks  the  monkey,  and  lets  the  beetle  fall  on  the  upper  end 
of  the  pile,  and  thereby  forces  the  same  into  the  ground  ;  then 
the  monkey's  own  weight  overhauls  the  windlass,  in  order  for 
its  being  hooked  again  to  the  beetle.     See  Pile  Engine. 

GIRT,  the  situation  of  a  ship  which  is  moored  so  tight  by 
lier  cables,  extending  from  the  hawse  to  two  distant  anchors, 
as  to  be  prevented  from  swinging  or  turning  about  according 
to  any  change  of  the  wind  or  tide,  to  the  current  of  which  her 
head  would  otherwise  be  directed.  The  cables  are  extended 
in  this  manner  by  a  strong  application  of  mechanical  powers 
within  the  ship;  so  that,  as  she  veers  or  endeavours  to  swing 
about,  her  side  bears  upon  one  of  the  cables,  which  catches  on 
her  heel,  and  interrupts  her  in  the  act  of  traversing.  In  this 
position  she  must  ride,  with  her  broadside  or  stern  to  the 
wind  or  current,  till  one  or  both  of  the  cables  are  slackened  so 
as  to  sink  under  the  keel;  after  which,  the  s'lip  will  readily 
yield  to  the  elVort  of  the  wind  or  current,  and  turn  her  head 
thither. 

Girt  Line,  a  rope  passing  through  a  single  block  on  the 
head  of  the  lower  masts,  to  hoist  up  the  rigging  thereof,  and 
the  persons  employed  to  place  the  rigging  and  cross-trees  on 
the  mast-heads  ;  the  girt-line  is,  therefore,  the  first  rope  em- 
ployed to  rig  a  ship,  after  which  it  is  removed  till  the  ship  is  to 
be  unrigged. 

GIVEN,  is  a  terra  frequently  used  by  mathematicians,  to 
denote  something  supposed  to  be  known.  Thus,  if  a  magni- 
tude be  known,  it  is  said  to  be  a  given  magnitude.  If  the  posi- 
tion of  a  thing  be  known,  it  is  i/iven  in  position  ;  thus,  if  a 
circle  be  described  with  a  known  radius,  its  centre  is  given  in 
position,  and  its  circumference  given  in  magnitude,  and  tlie 
circle  itself  is  said  to  be  given  both  in  magnitude  and  position. 
If  the  kind  or  species  of  a  figure  be  known,  it  is  said  to  be 
given  in  species  ;  if  the  ratio  between  two  <|uantities  be  known, 
these  quantities  arc  said  to  have  a.  given  ratio,  &c.  &c. 

GIVE  Way,  is  the  order  to  a  boat's  crew  to  row  after 
having  ceased  for  a  short  time,  or  to  increase  their  exertions  if 
they  were  before  rowing.  Give  wag  together,  implies  that 
men  should  keep  time  together  in  rowing,  so  as  that  the  oars 
should  all  dip  and  rise  together,  whereby  their  several  forces 
are  exerted  as  one. 

GL.VCIS,  in  Fortification,  the  mass  of  earth  which  serves 
as  a  parapet  to  the  covered  way,  sloping  easily  towards  the 
champnign  field.  In  Building,  f//«cw  expresses  any  declivity, 
which  is  less  steep  than  the  slope  called  "Talus  In  Gardening, 
a  descent  sometimes  begins  in  a  Talus,  and  ends  in  a  glacis. 

GLAIR  Eggs,  is  the  same  as  the  white  of  eggs,  used  as  a 
varnish  for  preserving  paintings.    For  this  purpose,  it  is  beat 
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to  an  unctuous  consistence,  and  commonly  mixed  with  a  little 
brandy  or  spirits  of  wine,  to  make  it  work  more  freely,  and 
with  a  Utile  lunip-siinar  to  (;ive  it  hndv  and  prevent  it  erack- 
inp,  and  then  spread  over  the  pieture  v^■ith  a  fine  elastic  brush. 

GLASS,  a  transparent,  brittle  metal,  made  of  sand  melted 
in  a  strong  fire  with  fixed  alkaline  salts,  lead,  sla^s,  &c..  till 
the  whole  becomes  perfectly  clear  and  fine.  And  the  manu- 
factured plass  may  be  divided  into  three  kinds — white  trans- 
parent glass,  coloured  glass,  and  common  green  or  bottle 
glass.  Of  the  first  of  these,  there  are  many  dilferent  kinds,  as 
flint  glass,  crystal,  mirror  plate,  window  glass,  &c.  Of  the 
coloured  glass,  there  is  also  a  great  variety,  resulting  from 
accidental  combinations  or  preparations. 

Accident  is  said  to  have  d.scovered  the  constituent  parts  of 
glass.  Some  merchants,  with  a  freight  of  soda,  cast  anchor  at 
the  mouth  of  the  river  Belus,  in  Phenicia,  and  were  dressing 
Vheir  dinner  on  the  sand,  using  large  lumps  of  the  soda  as  sup- 
ports for  their  kettles.  The  fire  melting  the  soda,  and  the 
siliceous  earth  together,  exhibited ///asi.  A  manufacture  was 
instantly  established,  and  to  this  place  it  was  for  a  long  time 
confined.     What  was  the  soda  previously  used  for? 

Glass  was  made  in  great  perfection  among  the  ancients  ;  as 
drinking  glasses,  prisms,  and  coloured  glasses  of  various 
kinds.  It  was  known  to  the  Romans,  but  was  by  no  means 
common  among  them,  for  Nero  paid  £50,000  for  two  glass 
cups.     Glass  was  first  used  for  windows  in  the  third  century. 

Glass,  as  we  have  remarked,  is  a  solid,  transparent,  brittle, 
substance,  produced  by  melling  together  sand,  (lint,  and  alka- 
line salts.  There  arc  other  saline  matters  employed  in  the 
manufacture  of  glass,  as  poevcriite,  or  rocliclta,  which  is  pre- 
pared from  glass  wort  or  sahnla  liati,  an  indigenous  plant, 
but  which  is  chfefly  iniporled  from  S|)ain,  where  it  is  cut  down 
in  the  summer,  dried  in  the  sun,  and  burned  in  heaps,  when 
the  ashes  fall  into  a  pit,  where  they  concrete  into  a  hard  mass. 
A  similar  salt  is  obtained  from  the  ashes  {/«■//>)  of  the  common 
sea-wrack.  The  sand  used  in  the  manufacture  of  glass  is 
found  at  Lynn  in  Noifolk,  Maidstone  in  Kent,  &c.  &c. 

The  following  are  the  processes  employed  in  making  glass  : 

Frilling.  The  various  materials  are  carefully  washed,  and 
after  extracting  all  the  impurities,  are  conveyed  to  tlie  furnace 
in  pots  made  of  tobacco-pipe  clay.  The  produce  of  this  pro- 
cess is  called  tlieyWV,  wliieh  is  again  melte<l  in  large  pots  or 
crucibles,  till  the  whole  mass  becomes  beautifully  clear,  and 
the  dross  rises  to  the  top. 

Blowing,  (see  Plate,  fig.  ],)  is  the  next  process,  wliich  in 
round  glass,  as  phials,  drinking  glasses,  he.  is  thus  performed. 
The  workmen  dip  the  end  of  long  iron  pipes,  red-hot,  into  the 
liquid  glass,  then  roll  it  on  a  poli.^hcd  iron  plate  to  give  it  an 
externa!  even  surface  ;  they  next  blow  down  the  iron  pipe  till 
it  enlarges  the  metal  like  a  bladder,  and,  if  necessary,  roll  it 
again  on  the  iron  plate,  and  proceed  to  form  it  into  a  globular, 
or  any  other  required.  The  glass  is  then  transferred  from  the 
blowing  pipe,  by  dipping  the  end  of  another  iron  rod  into  the 
liquid  glass,  which  a(llierrs  to  the  heated  rod,  and  with  which 
the  workman  slicks  il  to  the  bottom  of  the  vessel  ;  then  with  a 
pair  of  pincers,  wetted  with  water,  he  touches  the  neck,  which 
immediately  cracks,  and  on  being  slightly  struck,  separates  at 
the  end  of  the  blowing  pipe,  and  becomes  attached  to  the  iron 
rod.  The  vessel  is  next  rarricd  up  to  the  mouth  of  the  furnace 
to  be  heated  and  softened,  that  the  operator  may  finish  it.  Jf  the 
vessel  require  a  hauille,  the  operator  forms  it  separately,  and 
unites  it  while  mclting-ljot,  forming  it  with  pincers  to  the 
requisite  shape  and  paltern. 

Annealing  is  the  removing  of  tlie  glass  after  it  has  been 
blown,  or  cast,  into  a  furnace,  whose  beat  is  not  sutliciently 
intense  to  melt  it;  and  gradually  wiihdrawing  the  arlicb;  from 
the  hottest  to  a  cooler  part  of  the  annealing  chamber,  till  it  is 
cold  enough  to  be  taken  out  for  use. 

Colouring.  The  ilillereiit  coloured  glasses  owe  their  tints  to 
the  dill'erent  metallic  oxydes  mixed  with  the  materials  while 
in  a  state  of  fusion. 

Blue,  glass  is  formed  by  the  oxyde  of  cobalt; 

Green,  by  the  oxyde  of  iron  or  copper  ; 

Violet,  by  the  oxyde  of  manganese  ; 

lied,  by  a  mixture  of  the  oxvdes  of  copper  and  iron  ; 

Purple,  by  the  sxyde  of  gold; 


Wliite,  by  Ihe  oxyde  of  arsenic  and  zinc  ; 

Yellow,  by  the  oxyde  of  silver,  and  by  combustible  bodies  ; 

And  Black,  from  a  mixture  of  oxyde  of  manganese,  cobalt, 
and  iron. 

In  this  manner  is  made  those  elegant  pastes,  which  so  faith- 
fully imitate,  and  not  unfrequently  excel,  in  brilliance,  their 
originals,  the  gems  of  antiipiify.  The  glass,  however,  for  this 
purpose,  is  prepared  in  a  peculiar  manner,  and  requires  great 
nicety.  It  combines  pinity  and  durability.  Opa(/ue  glass  is 
made  by  the  addition  of  the  oxyde  of  tin,  and  produces  that 
beautiful  imitation  of  enamel  which  is  so  much  almired.  Dials 
for  watches  and  clocks  are  nrade  in  this  ntanner,  and  are  manu- 
factured exclusively  at  the  Falcon  Glass-house,  Surrey  side  of 
Blackfriars'  Bridge. 

Culling  or  Ornamenting,  is  effected  by  a  machine,  in  which 
there  is  a  large  »hecl  turned  bv  a  winch.  Tire  band  of  this 
wheel  passes  round  a  pulley  on  the  axle  of  a  wheel  or  cutter, 
which  it  turns  with  great  velm-ily.  Beneath  the  cutter  a  cistern 
is  placed,  and  above  it  a  small  cask  containing  water,  the  cock 
of  wliich  is  so  placed  as  to  drop  very  slowly  on  the  circimi- 
ference  of  the  cutter.  The  operator,  after  dressing  the  edge  of 
the  cutter  with  emery  paste,  applies  successively  the  parts  of 
the  glass  which  are  to  be  cut,  and  dexterously  moves  it  as  the 
parts  are  sulliciently  ground  away. 

The  principal  sorts  of  glass  are,  crown  glass.  The  best  win- 
dow glass  is  nrade  of  while  sand,  purified  barilla,  saltpetre, 
borax,  and  arsenic,  melted  together;  and  if  the  glass  assume  a 
yelloHish  hue,  the  defect  is  removed  by  adding  a  sufficient 
quantity  of  manganese. 

Aewca^tle  glass,  generally  used  in  England,  is  of  an  ash 
colour,  frequently  speckled,  streaked,  and  blemished.  It  is 
made  from  w  hite  sand,  unpurified  barilla,  common  salt,  arsenic, 
and  manganese. 

The  bottle  or  green  g'lass,  usually  made  of  common  sand, 
lime,  aird  some  clay  fused  with  an  impure  alkali,  is  very  hard, 
and  resists  the  corrosive  action  of  all  liquids  much  better  than 
Hint  glass ;  the  green  colour  is  owin^  to  the  iroa:  it  is  well 
adapted  for  chemical  vessels. 

flint  glass,  the  most  fusible  of  any,  is  used  for  bottles,  uten- 
sils intended  to  be  cut  and  polished,  and  for  various  ornamental 
purposes.  The  best  kind  is  composed  of  white  siliceous  sand, 
pearl  ash,  red  oxyde  of  lead,  nitrate  of  potash,  and  the  black 
oxyde  of  manganese. 

I'late  glass,  so  called  from  its  being  cast  in  plates  or  large 
sheets,  is  the  most  valuable,  and  is  employed  for  mirrors  and 
the  windows  of  carriages.  It  is  composed  of  white  sand 
cleansed  with  purified  pearl  ashes  and  borax.  But  should  the 
metal  appear  yellow,  it  is  restored  to  its  pellucid  transparency 
by  the  addition  (in  equal  proportions)  of  a  small  qirarrtity  of 
manganese  and  arsenic.  It  is  east  on  a  large  horizontal 
table,  and  all  excrescences  pressed  out  by  passing  a  large 
roller  over  the  metal.  To  polish  the  glass,  it  is  laid  on  a  large 
horizontal  table  of  freestone  perfectly  smooth  ;  and  then  a 
smaller  piece  of  glass,  fastened  to  a  plank  of  wood,  is  passed 
over  the  other  till  it  has  received  its  due  degree  of  polish.  But 
to  facilitate  this  process,  water  and  sand  are  u.sed  as  in  the 
polishing  of  marble ;  and,  lastly,  Tripoli  stone,  smalt,  and 
emery,  to  give  it  lustre. 

We  must  go  a  little  more  into  the  detail  of  this  art.  Fig.  2 
represents  the  easting  furnace  with  its  melting  pot,  See.  A  is 
is  the  boeca.  or  mouth  of  the  furnace;  B  the  cistern  that  con- 
veys the  ll(piid  glass  out  of  the  melting  pots  in  the  furnace  to 
the  casting  table  1).  This  cistern  is  brought  out  of  the  furna-o 
by  means  of  the  iron  chain  suspended  on  the  hook  over  the 
boeca.  The  cistern  thus  placed  on  its  carriage,  and  iiroved 
over  the  table,  the  bottom,  which  is  moveable,  is  slipped  off  Ihe 
torrent  of  liquid  flaming  matter,  and  flows  over  the  surface  of  the 
table,  where  it  is  ruled  to  its  proper  thickness  and  dimension 
by  the  rulers  liE,  and  the  roller  F  in  the  workman's  hands. 
The  cisterns  remain  six  hours  in  the  furnace;  the  metal  is 
melted  in  aboirt  21  hours.  The  glass  is  now  to  be  ground, 
polished,  and  foliated. 

Grinding  and  J'olisliing,  fig.  3,  gives  plate  glass  a  fine  lustre. 
The  grinder  lakes  it  rough  out  of  the  hands  of  the  caster,  and 
laying  it  upon  a  stone  table,  to  which  it  is  fixed  with  stucco,  he 
lays  another  rough  glass,  half  the  size  of  the  former,  upon  it. 
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To  tlie  smaller  s'sss  a  plank  is  fastened  by  means  of  stucco, 
and  to  the  whole  a  wheel  li,  made  of  hard  li>;ht  wood,  about 
six  inches  in  diameter,  hy  puUins  of  which  from  side  to  side, 
and  from  end  to  end  of  the  glass,  a  constant  attrition  is  kept 
up  ;  and  by  allowing  water  and  fine  sand  to  pass  between  the 
plates,  the  whole  is  very  finely  polished  ;  but  to  Rive  the  finish. 
;ag  polish,  powder  of  smalt  is  used.  As  the  upper  Rlass  grows 
smoother  it  is  taken  an  ay  and  a  rougher  one  substituted  in  its 
stead,  and  so  on  till  the  work  is  done.  Except  in  the  very 
largest  plates,  the  workmen  polish  their  glass  by  means  of  a 
plank  having  four  wooden  handles  to  move  it;  and  to  this 
plank  a  plate  of  glass  is  cemented,  as  above. 

Achromatic  Flint  Glass.  The  important  discovery  of  M. 
Guinaud  in  the  manufacture  of  flint  glass  for  large  telescopes, 
shall  close  our  article  upon  Glass.  The  excise  laws  of  Eng- 
land have  prevented  our  artists  from  attempting  to  melt  glass 
ou  a  proper  scale  (or  making  lenses  for  achromatic  telescopes ; 
but  in  France,  where  no  such  restrictions  exist,  numerous 
attempts  have  been  made  to  perfect  the  manufacture  of  flint 
glass  for  optical  purposes;  and  M.  Guinaud's  labours  have 
been  finally  crowned  with  complete  success.  The  almost  total 
impossibility  of  procuring  Hint  glass  excujpt  from  stri;e,  sug- 
gested to  this  artist  the  construction  of  a  furnace  capable  of 
melting  two  hundred  weight  of  glass  iu  one  mass,  which  he 
sawed  vertically,  and  polished  one  of  the  sections,  in  order  to 
observe  what  had  taken  place  during  fusion.  He  discovered 
his  metal  to  be  vitiated  by  striae,  specks  or  grains  with  cometic 
tails,  and  from  time  to  time  as  he  obtained  blocks  including 
portions  of  good  glass,  his  practice  was  to  separate  them  by 
sawing  the  blocks  into  horizontal  sections,  or  perpendicular  to 
their  axis.  A  fortunate  accident  conducted  him  to  a  better 
process.  While  his  men  were  one  day  carrying  a  block  of  this 
glass  on  a  hand-barrow  to  a  saw-mill  wiiich  he  had  erected  at 
the  fall  of  the  Doubs,  the  mass  slipped  from  its  bearers,  and 
rolling  to  the  bottom  of  a  steep  and  rocky  declivity,  was  broken 
to  pieces.  M.  Guinaud  was  at  first  grieved  at  this  misfortune, 
but  having  selected  those  fragments  which  appeared  perfectly 
homogeneous,  he  softened  them  in  circular  moulds,  in  such  a 
manner,  that  on  cooling  he  obtained  disks  that  were  after- 
wards fit  for  working.  To  this  method  he  adhered,  and  con- 
trived a  way  of  clearing  his  glass  while  cooling,  so  that  the 
fractures  should  follow  the  most  faulty  parts.  When  flaws 
occur  in  the  large  masses,  he  removes  them  by  cleaving  the 
pieces  with  wedges ;  he  then  melts  them  again  iu  moulds, 
which  give  them  the  form  of  disks,  taking  care  to  allow  a  little 
of  the  glass  to  project  beyond  one  of  the  points  of  the  edge,  so 
that  the  optician  may  be  enabled  to  use  that  portion  of  glass 
in  making  a  prism,  which  shall  give  the  measure  of  the  index 
of  refraction,  and  thus  obviate  the  necessity  of  cutting  the  lens. 
The  Astronomical  Society  of  London  have  tried  disks  of 
M.  Guinaud's  flint  achromatic  glass,  which  seems  entirely  homo- 
geneous, and  exempt  from  fault.  This  material,  Mr.  Tully,  a 
very  able  optician  in  London,  considers  diH'erent  from  our 
Enslish  Hint  glass,  as  it  grinds  and  polishes  much  easier. 

Glass,  the  usual  appellation  for  a  telescope.  I^'ight-Glass, 
a  telescope  made  for  viewing  objects  at  night. 

//a//'-//ot(r-GLAss,  frequently  called  the  Watch-Glass,  is  used 
to  measure  the  time  which  each  w  atcli  has  to  stay  upon  deck. 
Hnlf-minnte  ami  Quarter-mimite-Glasses,  are  used  to  ascertain 
the  rate  of  a  ship's  velocity,  measured  by  the  log  ;  these  glasses 
should  be  frequently  compared  with  a  good  stop  watch,  to 
determine  exactly  how  many  seconds  they  run.  To  Flog  or 
Sweat  the  Glass,  is  to  turn  it  before  the  sand  has  quite  run  out, 
and  thereby  gaining  a  few  minutes  in  each  half  hour,  make  the 
watch  too  short.  Glass  is  used  in  the  plural,  to  denote  the 
duration  of  any  action;  as,  they  fought  yard-arm  and  >ard-arm 
three  glasses,  i.  e.  three  half-hours,  or  an  hour  and  a  half. 

GLAUCOMA,  in  Surgery,  a  disease  in  the  eye,  by  which  the 
crystalline  humour  turns  bluish,  and  its  transparency  diminish- 
es, so  that  all  objects  appear  to  the  patient  as  through  a  cloud 
or  mist;  but  when  the  disorder  has  reached  its  height,  the 
\isual  rays  are  all  intercepted,  and  blindness  follows,  espe- 
cially in  aged  persons.  The  applications  are  those  used 
internally  in  the  tfutta  serena. 

GLAZIER'S  Vice,  a  machine  for  drawing  window  lead, 
and  may  be  thus  described.    P  G,  Q  H,  are  two  axles,  running 


in  the  frame  KL,  ML.  CD,  are  two  wheels  of  iron,  case- 
hardened,  1.1  inch  broad,  and  of  the  thickness  of  a  pane  of 
glass;  these  wheels  are  fixed  to  the  axles,  and  run  very  near 
one  another,  their  distance  not  exceeding  ^  of  an  inch  :  across 
their  edges  several  nicks  are  cut.  the  better  to  draw  the  lead 
through.  E,  F,  are  two  pinions,  each  of  twelve  leaves,  turning 
one  another,  and  going  upon  the  ends  of  the  axles,  which  are 
square,  being  kept  fast  there  by  the  nuts  P  Q,  which  are 
screwed  fast  with  a  key.  A  B,  are  t«o  checks  of  iron,  case- 
hardened,  and  fixed  on  each  side  to  the  case  with  screws  ;  these 
are  cut  with  an  opening  where  the  two  wheels  meet,  and  set  so 
near  to  the  wheels  as  to  leave  a  space  equal  to  the  thickness  of 


the  lead  ;  so  that  between  the  wheels  and  the  clieeks  there  is 
left  a  hole  of  the  form  represented  at  N,  which  is  the  shape  of 
the  lead  when  cut  through.  The  frame  K  L  M  L  is  held  toge. 
ther  by  cross  bars  passing  through  the  sides,  and  screwed  on; 
and  a  cover  is  put  over  the  machine  to  exclude  the  dust.  The 
whole  is  screwed  down  fast  to  a  bench  by  screw  nails  L  L. 
When  the  vice  is  used,  the  lead  to  be  drawn  is  first  cast  in 
moulds,  into  pieces  a  foot  long,  w  ith  a  gutter  on  each  side.  One 
of  these  pieces  is  taken,  and  an  end  of  it  sharpened  a  little 
with  a  knife  ;  then, being  put  into  the  hole  between  the  wheels, 
by  turning  the  handle  I  the  lead  is  drawn  through  the  vice,  and 
receives  the  form  designed. 

GLOBE,  in  Geometry,  a  round  solid  body,  which  may  be 
conceived  to  be  generated  by  the  revolution  of  a  semicircle 
about  its  diameter.     See  .Sphere. 

Globe,  or  Artificial  Globe,  in  Geography  and  Astronomy,  is 
more  particularly  used  to  denote  a  globe  of  metal,  plaster, 
paper,  pasteboard,  &.c.  ;  on  the  surface  of  which  is  drawn  a 
map,  or  representation  of  either  the  heavens  or  the  earth,  with 
the  several  circles  which  are  conceived  upon  them:  the  former 
bei  ng  called  the  7'fr)es(»ia76'/o6e,  and  the  \n\\cri\\c  Celestial  Globe. 

The  Terrestrial  Glore.  (See  Plate.) — The  terrestrial 
globe  is  an  artificial  representation  of  the  earth,  which  we  have 
already  described.  The  diurnal  motion  of  this  globe  is  from 
west  to  east. 

The  Celestial  Globe  is  an  i)n>eWerf  representation  of  the 
heavens,  on  which  the  stars  are  marked  according  to  their 
several  situations.  The  diurnal  motion  of  this  globe  is  from 
east  to  west,  to  represent  the  apparent  diurnal  motion  of  the 
sun  and  stars.  The  eye  is  supposed  to  be  placed  in  the  centre 
of  this  globe,  but  in  fact  it  is  beyond  the  stars. 

The  Axis  of  the  earth,  fig.  2,  is  an  imaginary  line  AB 
passing  through  its  centre  ;  and  the  wire  on  which  the  artificial 
globe  turns  represents  this  line. 

The  Poles  of  the  earth  are  the  extremities  of  this  axis;  that 
on  the  north  is  called  the  Arctic,  that  on  the  south  the 
Antarctic  pole.  The  celestial  poles  are  imaginary  points  in 
the  heavens,  exactly  above  the  terrestrial  poles. 

The  brazen  Meridian,  A  E,  fig.  G,  the  circle  in  which  the  artifi- 
cial globe  turns,  divided  into  3G0  degrees.  Every  circle  is  sup- 
posed to  he  divided  into  ;i(iO  equal  parts,  called  degrees,  each 
degree  into  sixty  equal  parts  called  minutes,  each  minute  into 
sixty  equal  parts  called  seconds,  &c. ;  a  degree  is  therefore 
only  a  relative  idea,  and  not  an  absolute  quantity,  except  when 
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lipplied  to  a  great  circle  of  llie  eartli,  as  to  tlie  equator  or  to  a 
meridian,  in  wliicli  cases  it  is  sixty  fcco^raphical  miles,  or  (j!>5 
Ens;lisli  miles.  A  degree  of  a  great  circle  in  the  heavens  is  a 
space  nearly  equal  to  twice  the  apparent  diameter  of  the  sun  ; 
or  to  twice  that  of  the  moon  when  considerably  elevated  above 
tlie  horizon.  Degrees  are  marked  with  a  small  cipher,  minutes 
with  one  dash,  seconds  witli  two,  thirds  with  three,  &c.  Thus, 
25°  14'  22"  35'",  are  read  25  degrees,  14  minutes,  22  sccouds, 
35  tliirds. 

In  the  upper  semicircle  of  the  brass  meridian,  {\-^-  6,  these 
degrees  are  numbered  10,  20,  &c.  to  90,  from  the  equator 
towards  the  poles,  and  are  used  for  finding  the  latitudes  of 
places.  On  the  lower  semicircle  of  the  brass  meridian  they  arc 
numbered  10,20.  &c.  to  90  from  the  poles  towards  the  equator, 
and  are  used  in  the  elevation  of  the  poles. 

Great  Circles,  as  tlieequator,  ecliptic,  and  the  colures,  divide 
the  globe  into  two  equal  parts.     See  (ig.  2. 

Small  Circles,  as  the  tropics,  polar  circles,  parallels  of  lati- 
tude, &c.  divide  the  globe  into  two  unequal  pails.     Fig-  2. 

Meridians,  or  lines  of  longitude,  arc  semkiicles,  extending 
from  the  north  to  the  south  pole,  and  cutting  tlic  equator  at 
right  angles.  Every  place  upon  the  globe  is  supposed  to  have 
a  meridian  passing  through  it,  thou^jh  there  be  only  twenty- 
four  drawn  upon  the  terrestrial  globe;  the  deficiency  is  sup- 
plied by  the  brass  meridian.  When  the  sun  comes  to  the 
meridian  of  any  place  (not  within  the  polar  circles)  it  is  noon 
or  mid-day  at  that  place.     Figs.  3,  4,  and  5. 

The  First  Meridian  is  that  from  which  geographers  begin  to 
reckon  the  longitudes  of  places.  In  English  maps  and  globes 
the  first  meridian  is  a  semicircle  supposed  to  pass  through 
London,  or  the  royal  observatory  at  Greenwich. 

The  Equator,  a  great  circle  of  the  earth,  equidistant  from  the 
poles,  divides  the  globe  into  two  hemispheres,  northern  and 
southern.  The  latitudes  of  places  are  reckoned  from  the  equa- 
tor, northward  and  southward,  and  the  longitudes  are  reckoned 
upon  it  eastward  and  westward.  The  equator,  when  referred 
to  the  heavens,  is  called  the  equinoctial,  because  when  the  sun 
appears  in  it,  the  days  and  nights  aic  equal  all  over  the  world, 
viz.  twelve  hours  each.  The  declination  of  the  sun,  stars,  and 
planets,  are  counted  from  the  equinoctial  northward  and  south- 
ward ;  and  their  right  ascensions  are  reckoned  upon  it  east- 
ward round  the  celestial  globe  from  0  to  300  degrees.     Fig.  5. 

The  Ecliptic  is  a  great  circle  in  which  the  sun  makes  his 
apparent  annual  progress  among  the  fixed  stars.  It  is  the  real 
path  of  the  earth  round  the  sun.  The  intersection  at  23°  28'  is 
called  the  equinoctial  points  ;  the  ecliptic  is  situated  in  the 
middle  of  the  zodiac.  The  apparent  path  of  the  sun  is  either 
in  the  equinoctial  or  in  lines  nearly  parallel  to  it,  and  his 
apparent  annual  path  may  be  traced  in  the  heavens,  by  observ- 
ing what  particular  constellation  in  the  zodiac  is  on  the  meri- 
dian at  midnight ;  the  opposite  constellation  will  shew,  very 
nearly,  the  sun's  place  at  noon  on  the  same  day.     Figs.  1  and  2. 

The  Zodiac  on  the  celestial  globe  is  a  space  which  extends 
about  8°  on  either  side  of  the  ecliptic.  Within  this  belt  the 
motions  of  the  planets  are  performed.     Fig.  1. 

Signs  of 'he  Zodiac.  The  ecliptic  and  zodiac  are  divided 
into  twelve  equal  parts,  called  signs,  each  containing  30°;  and 
the  sun  makes  his  apparent  annual  progress  through  the  ecliptic 
at  the  rate  of  nearly  a  degree  in  a  day.  The  names  of  the  signs, 
and  the  days  on  which  the  sun  enters  them,  are  as  follow  : 


SPUING   SIGNS. 

"V   Aries,    the    Ram,    21st    of 

March, 
y    Taurus,   the   Bull,    19lh   of 

April. 
n   Gemini,  the  Twins,  20th  of 

May. 


SUMMliR  SIGNS. 

Cancer,   the   Crab,  21st   of 
June. 

the     Lion, 


,Q,     Leo, 
July. 

nti   I  iryo, 
Aujjust 


22d     of 
the   Virgin,  22d   of 


All  northward  of  the  equator. 


AtJTUMNAL  SIGNS. 

^   Libra,  the  Balance,  23d  of 

September, 
tr^  Scorpio,  the  Scorpion,  23d 

of  October. 
f    Snrjittarius,  the  Archer,  22d 

of  November. 


WINTF.K  SIGNS. 
■/y  Caprirornus,  the  Goal,  21  st 

of  December. 
m  Aquarius,  the  Waterbcarer, 

20tli  of  January. 
X   I'isces,  the  Fishes,  19th  of 

February. 


These  arc  called  southern  signs,  being  all  south  of  the  equator. 
4\. 


The  Colures,  two  great  circles  passing  through  the  points 
.\ries  and  Libra,  and  the  poles  of  the  world  ;  Cancer  and  Ca- 
pricorn, and  the  poles  of  the  world,  have  their  uses  in  mecna- 
nical  geography.  That  passing  throuEli  Aries  and  Libra,  is 
called  the  equinoctial  colure  ;  that  passing  through  Cancer  and 
Capricorn,  the  solstitial  colure.     Fig.  1. 

The  Tropics  are  two  smaller  circles,  each  2.3"  28' from  the 
equator,  with  which  they  are  parallel ;  the  northern  is  called 
the  Tropic  of  Cancer,  the  southern  the  Tropic  of  Capricorn. 
The  tropics  are  the  limits  of  the  torrid  zone,  northward  and 
southward;  and  within  these  boundaries  alone  is  the  sun  ever 
seen  vertical.     Figs.  1  an<l  2. 

The  Polar  Circles  arc  two  small  circles,  parallel  to  the  equa- 
tor (or  equinoctial),  at  the  distance  of  (ifi"  32'  from  it,  and 
23"  25'  from  the  poles.  The  northern  is  called  the  .\rctic,  the 
southern  the  Antarctic  circle.     Figs.  1  and  2. 

Parallels  of  Latitude  arc  small  circles  drawn  through  every 
ten  degrees  of  latitude,  on  the  terrestrial  globe,  parallel  to  the 
equator.  Every  place  on  the  globe  is  supposed  to  have  a 
parallel  of  latitude  drawn  through  it,  though  there  are  irenerally 
only  16  parallels  of  latitude  drawn  on  the  terrestrial  globe. 

The  Hour  Circle  on  the  arlilicial  globes  is  a  small  circle  of 
brass,  with  an  index  or  pointer  fixed  to  the  north  pole.  The 
hour  circle  is  divided  into  twenty-four  equal  parts,  correspond- 
ing to  the  hours  of  the  dav  ;  and  these  are  again  subdivided 
into  halves  and  quarters.     Figs.  G  and  7. 

The  Horizon  is  a  great  circle  which  separates  the  visible 
half  of  the  heavens  from  the  invisible;  the  earth  being  consi- 
dered as  a  point  in  the  centre  of  the  sphere  of  the  fixed  stars. 
Horizon,  when  applied  to  the  earth,  is  either  sen.sible  or 
rational.     Figs.  1,  2,  6,  and  7. 

The  Sensible,  or  Visible  Horizon,  is  the  circle  which  bounds 
our  view,  where  the  sky  appears  to  touch  the  earth  or  sea. 
The  sensible  horizon  extends  only  a  few  miles  ;  for  example, 
if  a  man  of  six  feet  high  were  to  stand  on  a  large  plane,  or  on 
the  surface  of  the  sea  ;  the  utmost  extent  of  his  view,  upon  the 
earth  or  the  sea,  would  be  only  a  very  lew  miles. 

The  Rational,  or  true  Horizon,  is  an  imaginary  plane,  pass- 
ing through  the  centre  of  the  earth  parallel  to  the  sensible 
horizon.  It  determines  the  rising  and  setting  of  the  sun, 
stars,  and  planets.     Figs.  1  and  2. 

The  Wooden  Horizon,  15  C,  circumscribing  the  artificial 
globe,  represents  the  rational  horizon  on  the  Earth.  This  hori- 
zon is  divided  into  several  concentric  circles,  arranged  in  the 
following  order:  One  contains  the  thirty-two  points  of  the 
compass,  divided  into  half  and  quarter  points.  The  degrees  in 
each  point  are  to  be  found  in  the  amplitu<le  circle.  Another 
contains  the  twelve  signs  of  the  zodiac,  with  the  figure  and 
character  of  each  sign  ;  and  another  contains  the  days  of  the 
month  answering  to  each  degree  of  the  sun's  place  in  the 
ecliptic,  and  the  twelve  calendar  months. 

The  Cardinal  Points  of  the  horizon  are  east,  west,  north,  and 
south.  The  Cardinal  Points  in  the  heavens  are  ihe  zenith,  the 
nadir,  and  the  points  where  the  sun  rises  and  sets.  The  Car- 
dinal Points  of  the  ecliptic  arc  the  equinoctial  and  solstitial 
points,  which  mark  out  the  four  seasons  of  the  year;  and  the 
cardinal  signs  are — 

T  -^.ries,  s  Cancer,  ^  Libra,  and  ^/^  Capricorn. 

The  Zenith  is  a  point  in  the  heavens  exactly  over  head,  and 
is  the  elevated  pole  of  our  horizon.     Fig.  2. 

The  Nadir  is  a  point  in  the  heavens  exactly  under  our  feet, 
being  the  depressed  pole  of  our  liorizon.  and  Ihe  zenith,  or  ele- 
vated pole,  of  the  horizon  of  our  antipodes.     Fig.  2. 

The  Pole  of  any  circle  is  a  point  on  the  surface  of  the  globe, 
ninety  degrees  distant  from  every  part  of  Ihe  circle  of  which  it 
is  the  pole.  Thus  the  poles  of  the  world  are  ninety  degrees 
from  every  part  of  the  cc|uator  ;  the  poles  of  the  ecliptic  (on  the 
celestial  tilobe)  are  ninety  degrees  from  every  part  of  the  eclip- 
tic, and  23°  28'  from  the  poles  of  the  e()uinoctial,  consequently 
they  are  situated  in  the  arcli.i  and  antarctic  circles.  Every 
circle  on  the  globe,  whether  real  or  imasiiiiary,  has  two  poles 
diametrically  opposite  to  each  other.     Figs.  I  and  2. 

The  Equinoctial  Points  arc  Aries  and  Libra,  where  the 
ecliptic  cuts  the  equinoctial.  The  point  Aries  is  called  the 
vernal  equinox,  and  the  point  Libra  the  autumnal  equino:(, 
5h 
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When  the  sun  is  in  cither  of  these  points,  the  days  and  nights 
on  every  part  of  the  p,lobe  are  equal  to  each  other. 

The  Solstitial  Points  arc  Cancer  and  Capricorn.  When  the 
sun  enters  Cancer,  it  is  the  longest  day  to  all  the  inliabitants  on 
the  north  side  of  llic  equator,  and  the  shortest  day  to  those  on 
the  south  side.  When  the  sun  enters  Capricorn,  it  is  the 
shortest  (lay  to  tliose  who  live  in  north  latitude,  and  the  longest 
day  to  those  who  live  in  soutli  latitude. 

An  Hemisphere  is  half  the  surface  of  the  s'ohe ;  for  every 
great  circle  divides  the  glohe  into  two  hemispheres.  The 
horizon  divides  the  upper  from  the  lower  hemisphere  in  the 
heavens  ;  the  equator  separates  the  northern  from  the  southern 
on  the  earth  ;  and  the  brass  meridian,  standing;  over  any  place 
on  the  terrestrial  globe,  divides  the  eastern  from  the  western 
hemisphere.     See  figs.  2,  3,  4,  and  5. 

The  Mariner's  Compass  is  a  representation  of  the  horizon, 
and  by  seamen  it  is  used  to  direct  and  ascertain  the  course  of 
their  ships.  It  consists  of  a  circular  brass  box,  which  contains 
a  paper  card,  divided  into  thirty-two  equal  parts,  and  fixed  on 
a  magnetical  needle  that  always  turns  towards  the  north. 
Each  point  of  the  compass  contains  11°  15',  or  llj  degrees, 
being  the  32d  part  of  360  degrees.     See  Compass. 

Tne  Variation  of  the  Compass  is  the  deviation  of  its  points 
from  the  corresponding  points  in  the  heavens.  When  the 
north  point  of  the  compass  is  to  tlie  east  of  the  true  north  point 
of  the  horizon,  the  variation  is  east;  if  it  be  to  the  west,  the 
variation  is  west.  The  compass  is  used  for  setting  the  artificial 
globe  north  and  south;  but  care  must  be  taken  to  make  a 
proper  allowance  for  the  variation. 

The  Latitude  of  a  place,  on  the  terrestrial  globe,  is  its  dis- 
tance from  the  equator  in  degrees,  minutes,  or  geographical 
miles,  &c.  and  is  reckoned  on  the  brass  meridian,  from  the 
equator  towards  the  north  or  south  pole.     See  Latitude. 

The  Quadrant  of  Altitude,  E,  fig.  6,  a  thin  piece  of  brass 
divided  upwards  from  0  to  90  degrees,  downwards  from  0  to 
IP  degrees;  when  used,  it  is  generally  screwed  to  the  brass 
Meridian.  The  upper  divisions  determine  the  distances  of 
places  on  the  earth,  the  distances  of  the  celestial  bodies,  their 
latitudes,  &c.  ;  and  the  lower  divisions  are  applied  to  finding 
the  beginning,  the  end,  and  duration  of  twilight. 

Ihe  Longitude  of  a  place  on  the  terrestrial  globe,  is  the  dis- 
tance of  the  meridian  of  that  place  from  the  first  meridian, 
recKoned  in  degrees,  and  parts  of  a  degree,  on  the  equator. 
Longitude  is  oither  eastward  or  westward,  according  as  a 
place  is  to  the  east  or  west  of  the  first  meridian.  No  place  can 
have  more  than  180  degrees,  or  half  the  circumference  of  the 
globe.     See  Longitude. 

Hour  Circles,  are  the  the  same  as  meridians.  They  are 
drawn  through  every  fifteen  degrees  of  the  equator,  each 
answering  to  an  hour.  The  brass  meridian  and  these  circles 
always  correspojid. 

A  Parallel  Sphere,  fig.  4,  is  represented  truly  when  the  equator 
and  rational  horizon  correspond.  The  poles  arc  perpendicular 
to  the  horizon.  A  Direct  or  Right  Sphere,  fig.  5,  is  the  reverse  ; 
the  equator  is  at  right  angles  with  the  horizon.  An  Oblique 
Sphere,  fig.  3,  is  that  position  the  earth  has  when  the  lational 
horizon  cuts  the  equator  obliquely,  and  hence  it  derives  its 
name.  All  inhabitants  on  the  earth  (except  those  who  live 
exactly  at  the  poles,  or  at  the  equator)  have  tliis  position  of  the 
sphere.  The  days  and  nights  are  of  unequal  lengths,  the 
parallels  of  latitude  being  divided  into  unequal  parts  by  the 
horizon. 

Climate,  is  a  part  of  the  surface  of  the  earth  contained 
between  two  small  circles  parallel  to  the  equator,  and  of  such 
a  breadth,  that  the  longest  day  in  the  parallel  nearest  the  pole, 
exceeds  the  longest  day  in  the  parallel  of  latitude  nearest  the 
equator,  by  half  an  hour,  in  the  torrid  and  temperate  zones,  or 
by  a  month  in  the  frigid  zones  ;  so  that  there  are  twenty-four 
climates  between  the  equator  and  each  polar  circle,  and  six 
climates  between  each  polar  circle  and  its  pole. 

A  Zone,  is  a  portion  of  the  earth's  surface  contained  between 
any  two  circles  parallel  to  the  equator;  and  there  are  five 
zones.  The  Torrid  Zone,  extending  from  the  tropic  of  Cancer 
to  the  tropic  of  Capricorn,  is  46°  HG'  broad.  This  zone  was 
thought  by  the  ancients  to  be  uninhabited,  because  it  is  con- 
ticually  exposed  to  the  direct  rays  of  the  sun;  and  such  parts 


o(  the  torrid  zone  as  were  known  to  them  were  sandy  deserts, 
as  the  middle  of  Africa.  Arabia,  &c.  and  these  sandy  deserts 
extended  beyond  the  left  bank  of  the  Indus,  towards  Agimere. 
The  Two  Temperate  Zones.  The  north  temperate  zone  extends 
from  the  tropic  of  Cancer  to  the  arctic  circle ;  and  the  south 
temperate  zone  from  the  tropic  of  Capiicorn  to  the  antarctic 
circle.  These  zones  are  each  43°  4'  broad,  and  were  called 
temperate  by  the  ancients,  because  meeting  the  sun's  rays 
obliquely,  they  enjoy  a  moderate  degree  of  heat.  The  Two 
Frigid  Zones.  The  north  frigid  zone,  or  rather  segment  of  the 
sphere,  is  bounded  by  the  arctic  circle.  The  north  pole,  which 
is  23°  28'  from  the  arctic  circle,  is  situated  in  the  centre  of  this 
zone.  The  south  frigid  zone  is  bounded  by  the  antarctic  circle, 
distant  •2.3°  28'  from  the  south  pole,  which  is  situated  in  the 
centre  of  this  zone.     .See  fig.  2. 

Aniphiscii  are  inhabitants  ofthc  torrid  zone.  They  are  so  called, 
because  their  shadows  fall  north  or  south  at  different  times  of 
the  year.  Heteroscii  are  the  inhabitants  of  the  temperate 
zones,  because  their  shadows  at  noon  fall  only  one  way.  The 
Periscii  are  those  people  who  inhabit  the  frigid  zones.  They 
are  so  called,  because  their  shadows,  during  a  revolution  of  the 
earth  on  its  axis,  are  directed  towards  every  point  of  the  com- 
pass. Antoeci  are  those  who  live  in  the  same  degree  of  longi- 
tude, and  in  equal  degrees  of  latitude,  but  the  one  in  north  and 
the  other  in  south  latitude.  Perioeci  are  those  who  live  in  the 
same  latitude,  but  in  opposite  longitudes.  Antipodes  are  those 
inhabitants  of  the  earth  who  live  diametrically  opposite  to  each 
other,  and  consequently  walk  feet  to  feet. 

The  Crepusculum,  or  Twilight,  is  that  faint  light  which  we 
perceive  before  the  sun  rises,  and  after  he  sets.  It  is  produced 
by  the  rays  of  light  being  refracted  in  their  passage  through 
the  earth's  atmosphere,  and  rellected  from  the  different  parti- 
cles thereof.  The  twilight  is  supposed  to  end  in  the  evening 
when  the  sun  is  eighteen  degrees  below  the  horizon. 

The  angle  of  position  between  two  places  on  the  terrestrial 
globe  is  an  angle  at  the  zenith  of  one  of  the  places,  formed  by 
the  meridian  of  that  place,  and  a  vertical  circle  passing 
through  the  other  place,  measured  on  the  horizon  from  the 
elevated  pole  towards  the  vertical  circle. 

Rhumbs  are  the  divisions  of  the  horizon  into  thirty-two 
parts,  called  the  points  of  the  compass. 

Prob/em  1. — To  find  the  latitude  of  any  place. — Rule.  Torn 
the  globe  till  the  place  comes  to  tlie  graduated  edge  of  the 
brazen  meridian,  and  the  degree  on  the  meridian  with  which 
the  place  corresponds  is  the  latitude  north  or  south,  as  it  may 
be  north  or  south  of  the  equator. 

Example. — Thus  the  latitude  of  London  is  51 J  north,  and  of 
Lima  12°  I'  south.  What  are  the  latitudes  of  Athens,  Bengal, 
the  Cape  of  Good  Hope,  Cape  Horn,  Constantinople,  Edin- 
burgh, Ispahan,  Madras,  Moscow,  Paris,  Philadelphia,  Prague, 
Stockholm,  and  Vienna  ?  The  answers  to  these  are  found  from 
the  respective  places  in  the  table  at  the  words  Latitude  and 
Lonffitiide. 

Problem  "2. — To  find  the  longitude  of  any  p/rtc(?.— Rule.  Turn 
tlie  globe  till  the  place  comes  to  the  brazen  meridian,  and  the 
degree  on  the  equator  intersected  by  the  brazen  meridian, 
shews  the  longitude  from  London. 

Example. — The  longitude  of  Madras  is  eighty  degrees  east  : 
of  Lisbon,  nine  degrees  west.  What  are  the  longitudes  of 
.Amsterdam,  Archangel,  Babelmandel,  Bengal,  Dublin,  Gibral- 
tar, Jerusalem,  and  Quebec? 

Problem  ^.—To  find  an;/  place  en  the  ylobe,  having  the  latitude 
and  lonr/itude  of  that  place  yiven. — Rule.  Find  the  longitude  of 
the  given  place  on  the  equator,  bring  it  to  that  part  of  the 
brass  meridian  which  is  numbered  from  the  equator  towards 
the  poles;  and  then  under  the  given  latitude,  on  the  brass 
meridian,  you  will  find  the  place  required. 

Example. — 1.  What  place  has  l.'ili°  east  longitude,  and 
34°  south  latitude?     Answ.  Botany  Bay. 

Problem  4. — To  find  the  difference  of  latitude  of  any  two  places. 
—  Rule.  If  the  places  are  in  the  same  hemisphere,  bring  eacfi 
to  the  meridian,  and  subtract  the  latitude  of  the  one  from  that 
of  the  other;  if  in  dill'eicnt  hemispheres,  add  the  latitude  of 
the  one  to  that  of  the  other,  and  the  sum  will  shew  the  diffe- 
rence of  latitude. 
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Examples. — 1.  AVIiat  is  tlie  difTcrcnce  of  latitude  between 
Pliiladilphia  and  Pdcrsliui;; ;     Ansiv.  Tncnly  dpj;rees. 

2.  What  is  the  difleri'iice  of  latitude  between  Madrid  and 
Buenos  Ayres?     Aiis.  Seventy-five  decrees. 

Problem  5. — To  find  the  difference  of  lonr;it)ide  between  ani)  two 
places. ^Ru\e.  Uiinsr  0110  of  the  places  to  the  brazen  meridian, 
mark  its  lon^ilude  ;  tlieii  lirinjc  the  other  place  to  the  meridian, 
and  the  number  of  defiTcs  between  its  longitude  and  that  of 
the  first  mark  is  the  ilillercnce  of  InnRitudc.  AVhcn  this  sum 
exceeds  180  decrees,  take  from  it  3G0,  and  the  remainder  will 
be  the  dill'ercnoc  of  longitude. 

Examples.— 1.  What  is  the  dilTerence  of  longitude  between 
Barbadoes  and  Cape  Verd  ;     Answ.  41°  48'. 

2.  What  is  the  dillereiicc  of  longitude  between  Buenos  Ayres 
and  the  Cape  of  Good  Hope  >.     Answ.  76°  50'. 

3.  What  is  the  dilierence  of  longitude  between  Botany  Bay 
and  Owhyhee?     Answ.  52°  45',  or  S^'". 

Problem  6. — To  find  the  dislnnce  between  two  places. — Rule. 
When  the  distanee  is  less  than  90,  lay  the  quadrant  .)f  altitude 
over  both  the  places,  so  that  the  division  marked  O  may  be  on 
one  of  the  places;  ihcn  the  degree  cut  by  tUc  other  place  will  shew 
the  distance  in  decrees.  Multiply  these  decrees  by  69i,  and 
the  product  will  be  the  distance  in  Enfjlish  miles.  The  dis- 
tance between  two  places,  with  the  angle  of  position,  may  be 
found,  at  the  same  time,  in  the  follow  ing  manner  : — 1.  Elevate 
the  globe  for  one  of  the  places,  bring  it  to  the  meridian,  screw 
the  <iaadrant  of  altitude  over  it ;  then  move  the  quadrant  till  it 
come  over  the  other  place,  and  observe  what  degree  of  it  this 
last  place  cuts.  Subtract  this  distance  from  90  and  the 
remainder  will  be  the  distance  in  degrees.  The  quadrant  of 
altitude,  on  the  horizon,  will  now  shew  the  angle  of  position. 

When  the  distance  is  greater  tlinn  90,  find  the  antipodes  of 
one  of  the  places,  and  measure  the  dist.Tncc  between  this  and 
the  other  placewith  the  quadrant  of  altitude.  Subtract  this  dis- 
tance from  180,  and  the  remainder  will  be  the  whole  distance 
required. 

Wheti  the  angle  of  position  is  required,  this  case  may  be  per- 
formed thus:  1.  Elevate  the  globe  for  the  an  podes  of  one  of 
the  places,  and  having  fixed  the  (luadrant  over  it,  bring  its 
edge  over  the  other  place,  and  add  the  degree  cot  by  it  to  90, 
and  the  sum  will  be  the  distance  required.  2.  The  quadrant 
will  shew  the  position  ;  only,  W .  must  be  read  for  E.  ;  E.  for  W. ; 
N.  for  S.  ;  and  S  for  N.  3.  What  is  the  distance  between 
London  and  Botany  Bay? 


154  distance  in  degrees. 
CO 


9240  gcograpliical  miles. 


1.54  distance  in  degrees. 
C9J 


77 
138C 
924 


10703  English  miles. 


Problem  7. — The  hour  bcinrj  gircn  at  anif  phirc,  to  find  what 
hour  it  is  in  any  other  part  of 'the  icor/rt.— I'l'ile.  Bring  the  place 
at  which  the  time  is  given  lo  the  meridian,  set  the  index  to  <he 
given  hour,  then  turn  the  globe  till  the  other  place  comes  to 
the  meridian,  and  the  index  will  shew  the  time  required. 

Obs.  The  earth  turns  round  on  its  axis  from  thejcMMowards 
the  east,  and  causes  a  dili'erent  part  of  its  surface  to  be  suc- 
cessively presented  lo  the  sun.  When  the  meridian  of  any 
place  is  directly  opposite  to  the  sun,  it  is  then  noon  to  all  places 
on  that  meridian.  Meridians  towards  tlie  east  come  opposite 
to  the  sun  sooner  than  those  towards  the  west ;  and  hence  the  peo- 
ple there  have  noon  much  sooner,  and  all  the  other  hours  of  the 
day  will  be  proportionably  advanced.  The  earth  takes  24  hours 
to  turn  on  its  axis,  and  the  rate  at  which  it  turns  every  hour 


•  Find  tfle  dav  of  the  mnntli  ontlie  liorir.nn,  nml  aijninst  it,  in  llif  nct|niniri|; 
cirde.  will  lie  fouml  tlu'  si-ii  and  de^rroc  in  wliicli  Ihc  sun  is  for  llial  d»y. 

*  Tlie  Analcmm.i  is  iiropi-rly  nn  orllii.snipliic  prnji-cliDn  of  llif  spliere  on 
tlic  [ilane  of  Ihc  meridian  ;  l.ui  wlial  is  called  the  ,\nalemma  on  the  pl.ilje  is 
a  r.ar.ow  Blip  of  paper,  tlic  lenglli  of  wl.ich  U  equal  lo  the  brendlh  of  Ihc 
liirrid  /.one.  It  is  pasted  on  .some  vacant  plice  on  the  globe  in  Ihe  torrid 
non",  and  is  divided  into  monlhs,  and  days  of  Ihe  in-.nlh.  correspondinc  lo 
tUc  .ua's  declination  lor  ever;-  d,i^  in  the  %eur.      Il  is  divided  inlo  two  parts  • 


may  be  found,  by  dividing  36<>«  by  2t  ;  the  quotient,  I  ,  is  the 
number  of  degrees  the  earth  turns  in  an  hour.  Heme  it  is  that 
a  place  lying  15°  to  the  east  of  another,  will  have  noon 
one  hour  sooner ;  if  it  is  .30°  or  45°,  it  will  have  noon  two  or 
three  hours  sooner  than  the  other  ;  and  so  on  in  the  same  pro- 
portion for  all  places  further  removed.  Places  that  lie  15°.  30', 
or  45°,  to  the  west  of  that  place  at  which  it  is  noon,  will  have 
noon  one,  two,  or  three  hours  later  ;  and  so  on  in  the  same 
proportion. 

Question  for  Exercise. — What  is  the  hour  at  Pckin,  when  j' 
is  9  a.  m.    t  Lisbon  ?     Answ.  Twenty-two  niinules  after  Sp.  m. 

"Ddculation. — The  diflerence  of  longitude  is  125"  .3;)'  ■=.  8 
hours  22  minutes;  and,  as  Pekin  is  east  of  Lisbon,  this  must 
be  added. 

9  hours  0  minutes,  a.  m.  given  hour  at  Lisbon. 
8  22  dilference  of  tiiue  between  the  places. 


17 
12 


22 
0  subtracted. 


Answ.      5  hours 22  minutes 


i  p.  m. 


Problems. — To  adjust  the  >/ lobe  for  the  latitude,  zeni'h,  ana 
sun's  place. — Rule.  For  the  latitude:  elevate  the  pole  above  the 
horizon  according  to  the  latitude  of  the  place,  and  the  globe 
will  be  adjusted  for  Ihe  latitude.  For  the  zenith:  screw  the 
quadrant  of  altitude  on  the  meridian  at  the  given  degree  of 
latitude,  counting  from  the  eipiatur  towards  the  elevated  pole, 
and  the  globe  will  be  rectified  for  the  zenith.  For  the  sun't 
place:*  find  the  sun's  place  on  the  horizon,  and  then  bring  the 
place  which  corresponds  thereto,  found  on  the  ecliptic,  to  the 
meridian,  and  set  the  hour-index  to  twelve  at  noon,  then  will 
the  globe  be  adjusted  for  the  sun's  place. 

Examples. —  1.  Thus  to  rectify  for  the  latitude  of  London  on 
the  10th  of  May.  The  globe  is  so  placed,  that  the  north  pole 
shall  be  6i  degrees  above  the  north  side  of  the  horizon;  then 
'l'  will  be  found  on  the  zenith  of  llie  meridian,  on  which  the 
quadrant  must  be  screwed.  On  the  horizon,  the  lillh  of  .May 
answers  (o  the  20th  of  Taurus;  find  this  on  the  ecliptic,  bring 
it  to  the  meridian,  set  the  index  to  twelve,  and  the  globe  is 
rectified  for  the  latitude,  zenith,  and  sun's  place,  for  the  10th 
of  May. 

2.  Rectify  the  globe  for  London,  Petcrsburgh,  Madras,  and 
Pekin,  for  the  21th  of  February. 

3.  Find  the  same  sign  and  degree  in  the  ecliptic  on  the  sur- 
face of  the  globe,  and  1  'is  is  the  sun's  place  for  that  day  at 
noon. 

The  sun's  place,  or,  as  it  is  otherwise  termed,  the  sitn's  longi- 
tude, may  be  found  for  any  day  of  the  year  in  While's  Epheuic- 
ris,  or  in  the  Naiiiica  Almanack.  In  White's  Ephcmeris  it  is 
marked  in  the  first  column  of  the  right-hand  page  of  every 
mnnlh. 

4.  What  is  the  snn'.s  p|ae»  for  March  lOth »     Answ.  X  "-W  7'. 
.5.  \Vhat  is  the   sun's     lace  on  the  4th  of  June!     Amw.  n 

13°  57'. 

Problem  9. — To  find  the  sun's  declination — Rule.  Bring  the 
sun's  place  for  the  gi\cn  day  to  the  brass  meridian,  and  the 
degree  over  it  will  be  the  declination  sou;;hl ;  or  bring  the  day 
of  the  month  marked  on  Ihe  analeinma,+  lo  the  brass  meridian, 
and  Ihe  degree  over  it  will  be  the  declination  as  before.  The 
sun's  declination  is  given  in  the  tabic,  page  399,  fur  every  day 
in  the  year. 

1.  The  declination  of  the  sun  being  its  distance  north  or 
south  from  the  c<iuator,  this  problem  is  exactly  the  same  as 
that  for  finding  the  latitude  of  a  place. 

2.  The  greatest  north  declination,  23"  28*,  is  when  the  sun 
enters  Cancer,  June  21st,  that  being  the  greatest  distance  of  the 

llie  riglit-hnnd  part  he[;ins  nt  the  winter  solstice,  or  I^eceniher  2Ist,  and  is 
reckoned  upwards  towards  ihe  snmmcr  solslice,  or  June  ;ilst,  where  Iho 
left-JKTnd  part  bejiins,  which  is  'eokoned  downwards  in  a  similar  manner,  or 
towards  the  wiiter  solslice.  On  Cary's  globes  the  Analemma  somewhat 
resembles  Ihe  figure  8.  It  ajipears  to  hare  been  drawn  in  Ibis  shape  for  Iba 
convenience  of  sbcwiii^  the  equation  of  time,  br  means  of  a  alrai;;bt  line 
which  passes  throni^b  the  middle  of  il.  The  equation  of  tiuie  ia  placed 
on  x\iQ  horizon  of  liardin's  globus. 
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ecliptic  north  of  the  equator.  The  greatest  south  declination, 
2j"  26',  is  when  it  enters  Capricorn,  Decemt)er  ilst,  tliat  being 
the  greatest  distance  of  the  ecliptic  south  of  tlie  equator. 

Examples. — 1.  What  is  the  sun's  declination  for  Jlarch  10th? 
Ansiv.  3°  84'  south. 

2.  Also  for  January  .TIst?     Ayisw.  17°  14  south. 

3.  Also,  1.  April -isd  ;  2.  August  l-2th  ?  3.  August  1st?  4. 
March  5th?     5.  Julj  2;3d  J     6.   Octoher  lOth  ? 

I'loblem  10.  —  To  reclifi/  the  t/lnlic fnr  the  sun's  place,  and  day 
of  the  month.-  Find  tlic  siin's  declination  for  the  given  day.  by 
the  last  problem.  Then,  if  the  declinalioji  be  north,  elevate 
the  north  pole  as  many  devrrees  as  are  equal  to  it;  ifsoutli, 
elevate  the  south  pole.  When  the  globe  is  rectified  for  the 
sun's  place,  and  the  sun  brought  to  the  zenith,  the  horizon  will 
be  the  boundary  of  light  and  darkness  ;  it  will  therefore  be  day 
with  all  those  places  above  the  horizon,  and  night  with  all 
those  below  it. 

Examples. — 1.  Rectify  the  globe  for  the  sun's  place  on  .June 
4th.  Ansn:  On  June  4th  the  sun's  declination  is  2'2^°  north  ; 
therefore  the  north  pole  of  the  earth  must  be  elevated  22^°  above 
the  horizon. 

2.  Elevate  the  globe  for  the  sun's  place  on  October  6th. 
Answ.  The  sun's  declination  on  October  Gth  is  5°  south;  hence 
the  south  pole  of  the  earth  must  be  elevated  5°  above  the 
horizon. 

Problem  11. — To  find  the  sun's  risinff  and  settinr/ for  a  ffii-en 
dai/.  at  a  (jivcn  place. —  Rule.  Elevate  the  globe  for  tlie  sun's 
declination;  bring  the  given  place  to  the  meridian;  set  the 
index  to  twelve,  and  turn  the  globe  till  the  given  place  conies 
to  the  eastern  edge  of  the  horizon  ;  then  the  index  will  shew 
the  time  of  the  sun's  rising.  Next  bring  the  given  place  to  the 
western  edge  of  the  horizon,  and  the  index  will  shew  the  hour 
at  which  the  sun  sets.  If  the  hour  circle  have  a  double  row  of 
figures,  make  use  of  that  w  hich  increases  towards  the  east  ;  the 
sun's  rising  and  setting  may  then  he  found  at  once,  by  bring- 
ing the  place  only  to  the  eastern  edge  of  the  horizon,  for  the 
index  will  point  on  one  row  to  the  hour  of  rising,  and  on  the 
other 'that  which  increases  towards  the  uest)  to  the  hour  of 
setting. 

Bi/  this  problem  mat/  be  found  the  length  of  the  day  and  night- — 
Double  the  time  of  the  sun's  setting,  and  it  will  give  tlie 
length  of  the  day. 

Double  the  time  of  the  sun's  rising,  and  it  will  give  the 
length  of  the  night. 

Examples.— I.  Required  the  time  of  sun-rise  and  sun-set  at 
London  on  the  1st  of  June. 

2.  What  time  does  the  sun  rise  and  set  at  London  on  July 
l"lh,  and  what  is  the  length  of  the  day  and  night? 

Problem  12. — A  place  being  given  in  the  north  frigid  zone,  to 
find  when  the  sun  begins  to  appear  above  the  horizon,  and  when  to 
disappear ;  also  the  length  of  the  longest  dag  and  night. — Rule. 
Elevate  the  globe  for  the  latitude ;  bring  the  ascending  signs 
to  the  south  point  of  the  horizon  ;  observe  what  degree  of  the 
ecliptic  is  cut  by  that  point;  find  on  the  calendar,  the  day  of 
the  month  answering  to  that  degree  ;  and  this  will  be  the  time 
of  the  sun's  beginning  to  appear  above  the  horizon  at  the  given 
place,  which  is  the  end  of  the  longest  night. 

Bring  the  descending  signs  to  the  south  point  of  the  horizon, 
and  the  day  in  the  calendar,  answering  to  the  degree  of  the 
ecliptic  cut  by  this  point,  will  be  that  on  which  the  sun  disap- 
pears ;  which  is  the  beginning  of  the  longest  night. 

Bring  the  ascending  signs  to  the  north  point  of  the  horizon, 
and  the  degree  of  the  ecliptic,  indicated  as  above,  will  shew 
when  the  sun  begins  to  shine  continually  ;  which  is  the  begin- 
ning of  the  longest  day. 

Bring  the  descending  signs  to  the  same  point,  and  in  the 
same  manner  it  will  be  found  when  the  sun  ceases  to  shine 
continually,  or  the  end  of  the  longest  day. 

From  the  end  of  the  longest  night  to  the  beginning  of  the 
longest  day,  and  from  the  end  of  the  longest  day  to  the  begin- 
ning of  the  longest  night,  the  sun  rises  and  sets  daily. 

Examples. — 1.  Whale  Island,  discovered  by  Mackenzie,  lies 
in  latitude  69°  14' north  r  required  the  time  when  the  sun  first 
appears  above  the  horizon,  and  when  it  disappears  ;  also  the 
leiisrth  of  the  lomrest  day  and  night  there.  Answ.  90°  0'  — 
69°  11'  north  =  20°  46'  co-latitude. 


The  two  days  when  the  sun's  declination  is  20°  40'  south, (of 
a  contrary  name  to  the  latitude,)  are  January  I7th  and  Novem- 
ber 2oth  ;  on  the  former  the  sun  lirst  appears  above  the  hori- 
zon, on  the  latter  it  disappears.  The  two  days  in  which  the 
sun's  declination  is  20°  46'  north,  (of  the  same  name  with  the 
latitude,)  are  May  24th  ami  July  20ili  ;  the  lormer  is  the  begin- 
ning, and  the  latter  the  ending,  of  the  longest  dav.  Hence,  at 
Whale  Island,  the  sun  first  appears  Jnnnary  17th,  and  rises 
and  sets  daily  till  May  24tli,  a  space  of  127  <la>s:  it  continues 
above  the  horizon  from  May  24th  to  July  2tltli  ;  therefore  the 
longest  day  there  is  equal  to  filt\-seven  natural  days.  From 
July  20th  it  rises  and  sets  daily  till  November  23tli,  127  days, 
and  never  rises  again  till  January  17lh  ;  its  longest  night  is 
therefore  equal  to  fifty-three  dajs. 

2.  When  does  the  sun  begin  to  appear  above  the  horizon  at 
North  Cape,  in  Lapland,  latitu<le  72"  north  ;  when  does  it  dis- 
appear ?  and  how  many  days  are  the  inhabitants  without  seeing 
the  sun?  Answ.  The  sun  appears  January  26,  and  rises  and 
sets  daily  till  May  15;  after  which  time  it  continues  above  the 
horizon  till  July  20;  then  it  rises  and  sets  daily  till  November 
16,  when  it  entirely  disappears  till  January  26  ;  the  length  of 
the  longest  night  is  therefore  equal  to  seventy-one  days. 

Problem  13 — To  find  in  what  latitude,  in  the  northfrigid  zone, 
the  sun  begins  to  shine,  without  setting,  on  any  given  day.- — Rule. 
Find  the  sun's  declination  on  the  given  day,  subtract  it  from 
00°,  and  the  remainder  will  be  the  latitude  required.  The 
given  day  must  be  between  March  21st  and  June  21st.  In  the 
same  manner  it  may  be  found  in  w  hat  latitude,  in  the  south 
frigid  zone,  the  sun  begins  to  shine,  without  setting,  on  any 
given  day  between  September  23d  and  December  21st. 

Examples. — 1.  In  what  latitude  does  the  sun  besin  to  shine, 
without  setting,  on  April  28d  ?     Answ.  77°  31'  north. 

2.  In  what  latitude  does  the  sun  begin  to  shine,  without 
setting,  May  loth;     Answ.  71°  1'  north. 

Problem  iA.  —  Having  the  length  of  tlie  longest  day  in  anyplace, 
to  find  the  latitude  of  that  place. — Rule.  Bring  the  first  of  Cancer 
to  the  meridian,  and  set  the  index  to  twelve.  Then  turn  the 
globe  westward  till  the  index  point  to  the  hour  of  setting, 
which  is  c(|ual  to  half  the  length  of  the  day.  Raise  or  depress 
the  pole,  till  the  sun's  place  is  exactly  in  the  western  horizon  ; 
then  will  the  elevation  of  the  pole  be  equal  to  the  latitude  of 
the  place. 

By  this  problem  it  may  be  found  in  what  latitude  any  day 
is  of  a  given  length,  by  bringing  the  sun's  place  for  the  given 
day  to  the  meridian,  and  proceeding  as  above, 

iSxamplcs. — 1.  In  what  latitude  is  June  21st,  sixteen  boars 
long?     Answ.  Latitude 49°  north. 

2.  In  what  latitude  is  June  21st,  eighteen  hours  long?  Answ. 
latitude  58^°  north. 

3.  In  what  latitude  is  December  1st,  fourteen  hours  long? 
Answ.  latitude  32°  46' south. 

Problem  15. — A  place  being  given  i«  the  torrid  zone,  to  find  iiio 
dai/s  of  the  year,  when  the  sun  is  rertical  to  that  place. — Rule. 
Bring  the  given  place  to  the  meridian,  find  its  latitude,  which 
mark  ;  turn  the  globe  round,  and  observe  the  two  points  of  the 
ecliptic  that  pass  under  this  mark.  Look  upon  the  calendar  for 
the  days  corresponding  to  these  points,  and  these  days  will  be 
the  answer  required. 

Otherwise,  by  the  analemma  drawn  upon  the  globe,  find  the 
latitude  of  the  given  place,  and  bring  the  analemma  to  the 
meridian.  Then  directly  below  this  latitude  will  be  found,  on 
the  analemma,  the  two  days  required. 

Examples.— On  what  days  is  the  sun  vertical  to  the  follow- 
ing places  ? 

1.  Otaheite? Ansiv.  Jan.  30.  and  Nov.  11. 

2.  Rio  Janeiro  ? Jan.  2,  and  Dec.  9. 

Obs    The  first  of  the   above  examples  may  be    performed 

without  the  globe. 

The  latitude  of  Otaheite  is  about  175  south,  in  White's 
Ephemeris,  or  in  the  table  of  the  sun's  declination,  p.  399.  for 
those  two  days  on  which  the  sun's  declination  is  17J  south,  and 
they  will  be  found  to  be  about  January  30,  and  November  1 1. 

Tl;is  example  is  proved  thus:  From  November  Utli  to 
December  21st.  there  arc  forty  days  ;  and  from  December  3Ist 
to  January  3()th,  are  forty  days  :  hence  the  number  of  days  from 
the  time  when  the  sun  is  vertical,  to  the  nearest  solstice,  is 
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equal  to  the  number  of  days  from  that  solstice  to  the  time 
when  the  sun  is  asain  vertical. 

Problem  \(>. — To  find  all  those  places  in  the  torrid  zone  to 
uliich  the  sun  is  vertical  on  a  given  day. — l{ule.  Find  the  sun's 
place  for  the  given  day,  bring  it  to  the  meridian,  mark  the 
declination,  and  turn  the  globe  round,  when  all  those  places 
which  pass  under  that  mark  of  the  meridian,  will  have  the  sun 
vertical  on  the  given  day.  By  the  aualcmma,  bring  the  day  of 
the  month,  marked  upon  the  analeiimia,  to  the  brazen  meri- 
dian, and  mark  the  declination  ;  then  the  places  will  be  found 
as  above. 

Examples. — To  what  places  is  the  sun  vertical  on  November 
10th?— ^nsK'.  To  Otaheite,  the  Great  Cjclades,  and  New 
Hebrides,  in  the  South  Sea;  Cape  Grafton,  in  New  South 
Wales;  the  Island  of  Madagascar;  Monomotapa  and  Mata- 
man,  in  Africa  ;  Punla  Gorda,  in  Brazil  ;  and  the  southern 
parts  of  Amazonia  and  Peru,  in  South  America. 

2.  To  what  places  is  the  sun  vertical  on  February  2d.  Answ. 
To  the  same  as  in  the  last  example. 

Problem  17. — The  dai/,  hour,  and  place,  being  given,  to  find  at 
what  places  of  the  earth  the  sun  is  then  rising  and  setting,  irliere 
it  is  noon  and  midmglit. — Rule.  Find  the  place  to  which  the  sun 
is  vertical  at  the  given  hour,  bring  the  same  to  the  meridian, 
and  adjust  the  globe  to  a  latitude  C(|ual  to  the  sun's  declina- 
tion. Then  to  all  places  under  the  ucstern  side  of  the  horizon  the 
sun  is  rising ;  to  those  above  the  eastern  horizon  the  sun  is  set- 
ting ;  to  all  those  under  the  upper  half  of  the  brazen  meri(li:ui,it 
is  noon  ;  and  to  all  those  under  the  loner  half,  it  is  midnight. 

Examples.^ — 1.  When  it  is  fifty-two  minutes  past  four  o'clock 
in  the  morning  at  London,  on  the  liflh  of  ATarcli,  find  all  places 
of  the  earth  where  the  sun  is  rising,  setting,  &c.  &,c.  Answ. 
The  sun's  declination  will  be  found  lo  be  Oi°  south  ;  therefore, 
elevate  the  south  pole  61°  above  the  horizon.  The  given  time 
beingseven  hours  eight  minutesuefore  noon,  (=12  li. — 4h.  52m.) 
the  globe  must  be  turned  towards  the  west  till  the  index  has 
passed  over  seven  hours  eight  minntes.  Let  the  be  be  fixed 
in  this  position  ;  then. 

The  sun  is  rising  at  the  western  part  of  the  White  Sea, 
Petersburg,  the  Morea  in  Turkey,  fee. 

Setting  at  the  eastern  coast  of  Kanischatka,  Jesus  Island, 
Palnierston  Island,  &.c.  between  the  Friendly  and  Society 
Islands. 

Noon  at  the  lake  Baikal  in  Irkoutsk,  Cochin  Chiua,  Cambodia, 
Sunda  Islands,  &c. 

Vertical  iit  Batavia. 

Morning  twilight  at  Sweden,  part  of  Germany,  the  southern 
part  of  Italy,  Sicily,  the  western  coast  of  Africa  along  the 
^Ethiopian  Ocean,  he. 

Evening  twilight  at  the  north-west  extremity  of  North  Ame- 
rica, the  Sandwich  Islands,  Society  Islands,  &c. 

Midniglit  at  Labrador,  New  York,  western  parts  of  St.  Domin- 
go, Chili,  and  the  western  coast  of  South  America. 

Dag  at  the  eastern  part  of  Russia  in  F.urope,  Turkey, 
Egypt,  the  Cape  of  Good  Hope,  and  all  the  eastern  part  of 
Africa,  almost  the  whole  of  Asia,  &c. 

Night  at  the  whole  of  North  and  South  America,  the  western 
part  of  Africa,  the  British  Isles,  France,  Spain,  Portugal,  &c. 

2.  When  it  is  four  o'clock  in  the  afternoon  at  London  on  the 
S.'ilh  of  April,  where  is  the  sun  rising,  setting,  &c.  &.c.  ?  Answ. 
The  sun's  declination  being  13°  north,  the  north  pole  must  be 
elevated  13°  above  the  horizon  ;  and  as  the  given  time  is  four 
o'clock  in  the  afternoon,  tile  globe  must  be  turned  four  hours 
towards  the  east ;  when  the  sun  will  be  rising  at  Owliyhee,  &c. 
letting  at  the  Cape  of  Good  Hope,  &c.  ;  it  will  be  noon  at  Bue- 
nos Ayrcs,  Stc.  ;  the  sun  will  be  vertical  at  Barhadoes,  and 
following  the  problem,  all  the  other  places  arc  readily  found. 

Problem  18. — Toshcw.bg  the  globe, the  cause  of  dai/  andniglit. — 
The  sun  shines  upon  the  earth|  and  ilhuninntes  that  hiilf  only 
which  is  turned  towards  him  ;  and  llic  other  half  is  in  darkness. 

But,  as  the  earth  turns  round  on  its  axis,  from  west  to  east, 
once  in  tyenty-four  hours,  every  meridian  upon  the  earth  will, 
in  that  time,  successively  be  presented  to  the  sun,  and  be 
.deprived  of  its  light  again. 

Elevate  the  globe  for  the  sun's  declination,  so  that  the  sun 
may  be  xi  the  zenith,  and  the   horizon  will  be  the   terminator, 
or  boundary  circle,  of  light  and  darkness  :  thai  half  of  the  earth 
42. 


above  the  horizon  enjoys  light,  that  half  bclovir  the  horizon  will 
be  in  darkness. 

Put  a  patch  upon  a  globe  to  represent  any  place,  turn  the 
globe  round  from  west  to  cast,  and  when  the  place  conies  to 
the  western  side  of  the  horizon,  the  sun  appears  to  the  in- 
habitants of  that  place  to  be  rising  in  the  east;  but  it  is 
more  properly  the  inhabitants  of  that  place  rising  in  the  west. 
(Jo  on  to  turn  the  globe  round,  and  the  place  will  ascend 
higher  towards  the  meridian  in  a  contrary  direction. 

When  the  place  has  arrived  at  the  meridian  it  will  then 
be  noon  there,  and  the  sun  will  be  at  his  greatest  altitude  for 
that  day. 

Continue  to  turn  the  globe,  and  the  place  will  gradually 
recede  from  the  meridian,  and  decline  towards  the  eastern 
horizon,  which  will  cause  the  appearance  of  the  sun  descending 
towards  the  west  When  the  place  has  arrived  at  the  eastern 
horizon,  as  it  is  then  going  below  the  boundary  of  light  and  dark- 
ness, the  sun  will  appear  to  be  setting  in  the  west. 

The  place  being  now  at  a  greater  distance  than  90°  from 
that  point  where  the  sun  is  vertical,  is  deprived  of  his  lii;ht, 
and  continues  in  darkness  till  by  the  revolution  of  the  earth 
it  arrives  again  at  the  western  horizon,  when  the  sun  will 
appear  to  rise  as  before. 

"The  sun  is  obviously  rising  at  the  same  time  fo  all  places  ob 
the  western  side  of  the  horizon,  and  setting  at  the  same  tim« 
to  all  places  on  the  eastern  side  of  the  horizon. 

Problem  11>. — To  shew,  bg  the  globe,  the  cause  of  the  variety  nf 
the  seasons. — When  the  sun  is  in  the  equator,  the  horizon  will 
represent  the  terminator,  or  boundary  circle  of  light  and  dark- 
ness ;  and  the  poles  being  made  to  coincide  with  it,  we  shall 
have  a  fair  representation  of  the  two  seasons,  spring  and 
autumn;  for  its  rays  then  extending  90°  every  way  from  the 
vertical  point,  both  poles  will  be  illuminated. 

When  the  sun  is  in  the  tropic  of  Cancer,  being  23J°  farther 
to  the  north  than  before,  bis  rays  will  extend  2.3i°  beyond  the 
north  pole  on  the  opposite  meridian:  they  will  not,  however, 
reach  the  south  pole  by  2:}^°,  they  will  extend  to  the  antarctic 
only,  being  yo°  distant  from  the  tropic  of  Cancer:  hence,  to 
make  the  horizon  the  terminator  iu  this  case,  the  north  pole 
must  be  elevated  23J°  above  the  horizon,  and  we  shall  have  the 
summer  season  lo  Europeans. 

When  the  sun  is  in  the  tropic  of  Capricorn,  the  reverse  of 
this  lakes  place  ;  for  the  sun's  rays  then  extend  23J°  beyond 
the  south  pole  on  the  opposite  meridian,  and  only  as  far  north 
as  the  arctic  circle:  hence,  to  make  the  horizon  the  termina- 
tor in  this  case,  the  south  pole  must  be  elevated  23.J°  above  the 
horizon,  and  we  shall  have  the  \»  inter  season  to  Europeans. 

The  problems  thus  given  are  only  to  be  considered  as  speci- 
mens of  what  may  be  performed.  On  the  terrestrial  globe 
Butler  describes  fifty-seven,  while  on  the  celestial  sphere  the 
number  and  variety  are  still  niuib  greater.  Combined  together, 
they  furnish  a  source  of  instructive  amusement,  which  but  few- 
instruments  within  the  compass  of  human  invention  can  sur- 
pass. The  exercise  is  calculated  to  enlarge  the  mind,  and 
awaken  it  to  serious  and  rational  contemplations;  and  in  the 
present  day,  to  be  wholly  ignorant  of  their  use,  is  a  sure  symp- 
tom of  a  defective  education. 

The  first  person  who  constructed  a  globe  or  sphere,  is  said 
to  have  been  Anaximandcr,  a  philosopher  of  Miletus,  the  capi- 
tal of  Ionia,  in  Asia  Minor.  He  was  born  CIO  years  before 
Chiist,  and  is  reputed  to  have  been  the  inventor  of  maps  and 
dials.  Since  his  days,  many  improvements  have  been  made 
in  their  construction  and  appendages,  and  much  room  still 
remains  for  the  exercise  of  ingenuity. 

Among  the  remarkable  globes  which  have  appeared,  that  of 
Gottorp  in  the  academy  of  sciences  of  Petersburg!!  is  worthy 
of  notice.  This  is  a  large  concave  sphere  eleven  feet  in  diame- 
ter, containing  a  table,  and  seals  for  twelve  persons,  to  whom 
the  inside  suri'ace  represents  the  visible  |)lirnomena  o""  the  liea- 
vens.  The  stars  are  distinguished  by  gilded  nails,  according 
to  their  respective  magnitudes,  and  arranged  in  groups  as  the 
dillcrent  constellations  require.  The  outside  is  a  terrestrial 
globe,  representing  the  land  anil  water  on  the  surface  of  the 
earth.  It  is  callerl  the  Globe  of  Gollorp,  from  being  substituted 
for  one  originally  made  in  that  place,  which,  witli  inconceiv- 
able labour,  was  conducted  upon  rollers  and  sledges  over  snow 
5  I 
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and  tlirous'i  forests  to  Riga,  and  tlience  by  sea  to  Petersburgli. 
Ill  1751.  it  was  consumed  by  fire,  and  from  its  iron  plates  and 
materials,  the  present  globe  was  made. 

In  the  lower  room  of  the  king's  library  at  Paris,  there  are 
two  globes  nearly  equal  in  dimensions  to  that  at  Petcrsburgh, 
but  much  inferior  in  utility,  the  globe  of  Gottorp  combining 
in  one,  all  that  is  exhibited  by  both  the  others. 

But  large  as  these  globes  are,  they  become  diminutive  when 
compared  with  the  sphere  constructed  by  the  late  Dr.  Long. 
This,  he  tells  us,  is  eiijhteen feet  in  diameter;  and  it  will  enable 
thirty  persons  to  sit  williin  its  concavity,  without  any  incon- 
venience. The  entrance  is  over  the  south  pole  by  six  steps. 
This  wonderful  machine  stands  in  Pembroke  Hall,  in  the 
university  of  Cambridge.  All  the  constellations  and  stars  of 
the  northern  hemisphere,  visible  at  Cambridge,  are  painted 
upon  plates  of  iron,  which,  joined  together,  form  one  concave 
surface.  Unhappily,  it  is  now  very  much  damaged.  Part  of 
the  sheathing  is  destroyed,  and  the  remainder  is  covered  with 
rust  and  verdigrise.  This  neglected  state  of  an  ingenious  and 
useful  piece  of  workmanship,  reflects  considerable  disgrace 
upon  those  whose  duty  it  is  to  keep  it  in  repair.  Bui  the  dis- 
grace must  be  heightened  into  ignominv,  if  the  report  be  true, 
that  the  interest  of  £'200,  Bank  annuities,  was  becjueathed  by 
Dr.  Long,  to  keep  the  instrument  and  place  in  tood  order. 
This  truly  scientific  genllemau  was  a  native  of  Norfolk,  and 
died  in  1770,  aged  ninety-one. 

Thr  Celestial  Globe.  See  Plate. — Definitions:  Obs.The 
general  definitions  given  of  the  terrestrial  globe  apply  also  to 
the  celestial,  the  various  circles  of  which  are  more  aptly  illus- 
trated by  the — 

AiiMiLLARY  Sphere,*  fire  the  Plate,)  is  well  adapted  to  give 
youth  just  notions  of  those  imaginary  circles  which  astronomers 
have  applied  to  what  is  vulgarly  called  the  concave  sphere  of 
the  heavens ;  but  by  means  of  those  circles,  we  investigate,  with 
the  nicest  accuracy,  the  motions  of  the  celestial  bodies,  and 
thus  the  comnuii.icalion  of  a  sublime  science  is  facilitated. 

There  are  six  great  circles  of  the  sphere,  which  require  par- 
ticular attention ;  but  which  the  reader  is  now  acquainted 
with  :  they  are,  the  horizon,  the  meridian,  the  equator,  the 
ecliptic,  the  equinoctial  colure,  and  the  solstitial  colure. 

The  sphere  is  contained  in  a  frame,  on  the  top  of  which  is  a 
broad  circle,  representing  the  meridian. 

It  is  suspended  on  two  pins,  at  opposite  points  of  the  meri- 
dian. These  pins  are  a  continuation  of  the  axis  of  the  sphere 
both  ways,  and  as  the  sphere  turns  round  upon  them,  they  are 
considered  as  poles,  noilh  and  south. 

The  eijuator  goes  round  the  sphere  exactly  in  the  middle 
between  the  two  poles. 

The  ecliptic,  the  eolnres,  the  tropics,  and  polar  circles,  have 
been  already  defined,  and  are  easily  discovered. 

The  horizon  is  graduated  according  to  the  division  of  the 
ciicle  into  quadrants  and  degrees;  and  to  refer  celestial  ob- 
jects to  the  horizon,  we  have  also  the  points  of  the  compass 
laid  down.  Hence  the  amplitude,  or  distance,  of  heavenly 
bodies,  from  the  east  and  west  points,  and  their  azimuth,  or 
distance  from  the  meridian,  are  reckoned  on  the  horizon  of  the 
armillary  sphere. 

The  graduation  of  the  equator  enables  us  to  fix  the  right 
ascension  of  celestial,  and  the  lunijitiute  of  terrestrial,  objects. 

The  graduation  of  the  ecliptic  serves  to  indicate,  in  the 
armillary  sphere,  the  latitude  and  longitude  of  celestial  bodies. 

Thecolurcs  are,  in  a  manner,  the  limits  of  the  year,  pointing 
ont  the  seasons  by  their  two  opposite  points  of  the  ecliptic. 

The  hour  circle  tells  us  in  what  time  any  motion  of  the  earth, 
in  the  centre,  is  performed. 

In  fine,  many  details  of  the  science  may  be  pleasingly  and 
popularly  illustrated  by  this  contrivance. 

/'he  Appearances  of  the  Stars  in  the  Heavens  illustrated  hj  the 

Armillary  Sphere.— \iy  placing  a  small  patch  of  paper  on   the 

dillVrent   circles  to   represent  stars,  we  perceive,  that  those 

which  are  furthest  from  the  poles  will  describe  the  greatest 

ircles;  and  that  the  greatest  circles  are  described  by  those 

*  So  called  because  it  consists  of  a  noraber  of  rinejs  of  l)rass,  which  (tie 
o\A  Romnns  named  armiUte,  from  Iheii  reseuibiance,  perliaps,  to  br;icelets, 
or  rings  for  Ihe  aims. 


stars  situated  in  the  celestial  equator.  A  star  has  acquired  its 
greatest  elevation  when  it  comes  to  the  upper  semicircle  of  the 
meridian,  and  its  greatest  depression  when  it  is  at  the  lower 
circle  of  the  meridian:  the  meridian  bisects  its  arc  of  appari- 
tion. Some  circles  of  revolution  are  wholly  above,  others 
entirely  below,  the  horizon  ;  therefore  the  patches  on  those  cir- 
cles shew  us  which  stars  descend  below,  or  which  never  ascend 
above,  the  horizon.  And  any  object,  whose  circle  of  revolu- 
tion is  on  the  same  side  of  the  equator  with  the  elevated  pole, 
is  longer  visible  than  it  is  invisible;  the  contrary  holds  true  if 
it  be  on  the  other  side  of  the  equator. 

The  following  definitions  are  more  immediately  applicable 
to  the  celestial  globe. 

The  declination  of  the  sun,  of  a  star,  or  planet,  is  its  distance 
from  the  equinoctial,  northward  or  southward.  When  the  sun 
is  in  the  equinoctial  he  has  no  declination,  and  enlightens  half 
the  globe  from  pole  to  pole.  As  be  increases  in  north  declina- 
tion he  gradually  shines  farther  over  the  north  pole,  and  leaves 
the  south  pole  in  darkness;  in  a  similar  maimer,  when  he  ha.s 
south  declination,  he  shines  over  the  south  pole,  and  leaves  the 
north  pole  in  darkness.  The  greatest  declination  the  sun  can 
have  is  2.3°  28' ;  the  greatest  declination  a  star  can  have  is  90°, 
and  that  of  a  planet  30°  28'  north  or  south. 

The  latitude  of  a  star,  or  planet,  is  its  distance  from  the 
ecliptic,  north  or  south,  reckoned  towards  the  pole  of  the  eclip- 
tic, on  the  quadrant  of  altitude.  Some  stars  situate  in  and 
about  the  pole  have  90°  of  latitude  ;  the  planets  have  only  8°, 
and  the  sun  being  always  in  the  ecliptic  has  no  latitude. 

The  longitude  of  a  star,  or  planet,  is  reckoned  by  the  degrees 
of  the  ecliptic,  from  the  point  Aries  round  the  globe.  On  the 
celestial  globe  the  longitude  of  the  sun  corresponds  with  the 
sun's  place  on  the  terrestrial  globe. 

The  right  ascension  of  the  sun,  or  a  star,  is  that  degree  of 
the  equinoctial  which  rises  with  the  sun,  or  a  star,  in  a  right 
sphere,  and  is  reckoned  from  the  equinoctial  point  Aries  east- 
ward round  the  globe. 

Oblique  ascension  of  the  sun,  or  a  star,  is  that  degree  of  the 
equinoctial  which  rises  with  the  sun,  or  a  star,  in  an  oblique 
sphere,  and  is  likewise  counted  from  the  point  Aries  eastward 
round  the  globe. 

Oblique  descension  of  Ihe  sun,  or  a  star,  is  that  degree  of  the 
equinoctial  whichsets  with  thesun.or  a  star,  in  an  oblique  sphere. 

The  ascensional  or  dcscensional  dillcrence,  is  the  diflerence 
between  the  right  and  oblique  ascension,  or  the  difl"erence 
between  the  right  and  oblique  descension  :  and,  with  respect  to 
the  sun,  it  is  the  time  he  rises  before  six  in  the  spring  and  sum- 
mer, or  sets  before  six  in  the  autumn  and  winter. 

The  angle  of  position  of  a  star  is  an  angle  formed  by  two 
great  circles  intersecting  each  other  in  the  place  of  the  star,  the 
one  passing  through  the  pole  of  the  equinoctial,  the  other 
through  the  pole  of  the  ecliptic. 

The  poetical  rising  and  setting  of  (he  stars,  is  so  called  be- 
cause the  ancient  poets  referred  the  rising  and  setting  of  the 
stars  to  the  sun. 

When  a  star  rose  with  the  sun,  or  set  when  the  sun  rose,  it 
was  said  to  rise  and  set  cosmica  It/.  When  a  star  rose  at  sun- 
setting,  or  set  with  the  sun,  it  was  said  to  rise  and  set  achroni- 
calbj.  When  a  star  first  became  visible  in  the  morning,  after 
having  been  so  near  the  sun  as  to  be  bid  by  the  splendour  of 
his  rays,  it  was  said  to  rise  heliacally  ;  and  when  a  star  first 
became  invisible  in  the  evening,  on  account  of  its  nearness  to 
the  sun,  it  w  as  said  to  set  heliacally. 

A  Constellation  is  an  assemblage  of  stars  on  the  surface  of 
the  celestial  globe,  circumscribed  by  the  outlines  of  some 
assumed  figure,  as  ahull,  a  bear,  niton,  Sec.  This  division  of  the 
stflrs  into  constellations  direct  us  to  any  part  of  the  heavens 
where  a  particular  star  is  situated. 

The  zodiacal  constellations  are  12  in  number;  ihe  7wrthern 
constellations  41,  and  the  southern  46,  making  in  the  whole  99. 
The  largest  stars  are  called  stars  of  the  first  magnitude.  Those 
of  the  sixth  magnitude  are  the  smallest  that  can  be  seen  by  the 
naked  eye.  The  figures  on  the  left  hand  of  the  annexed  tables 
shew  the  number  of  stars  in  each  constellation ;  R  denotes 
right  ascension,  D  declination  of  the  middle  of  the  several  con- 
stellations, for  the  ready  finding  them  on  the  globe.  The  modern 
constellations  arc  distinguished  from  the  ancient  by  a  star. 
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The  Contents  nf  the  Crlestiul Glohe ,  aiid  the  Maps  of  the  Hearens, 
with  the  ISairtes  <</'  the  Siyns  anil  Constellations,  and  of  the 
Prittcipal  Stars  in  each,  with  their  Maynitudes. 


1.  The  Signs  of  the  Zodiac. 

Aries,  the  Ham,  Arielis  2 

Taurus,  the  Hull,  Aldebaran    I,  the  J 

Pleiades,  the  Hjades S 

Gemini,  the  Twins,  Castor  1,  Pollux  2 

Cancer,  the  Crab,  Acuheiie  4 

Leo, the  Lion,  Regulus,  or  Cor  Leon.s  } 

1,  Deneb  2 S 

Virgo,  the  Virgin,  Spica  Virgiiiis   1,  ) 

Vindeniiatrix  2 > 

Libra,  the  lialanee,  Zubenich  Meli  2  .  . 

Scorpio,  the  Scorpion,  Antares  1 

Sagittarius,  the  Archer 

Capricoriius,   the  Goat 

Aquarius,  the  Water-hearer,  Scheat  3 
Pisces,  the  Fishes 

II.  The  Northern  Constellations 

Andromeda,  Mirar  2,   Almaach  2  . . . . 
Aquila,  the  ij'ar/le,v/UU  Anliiiiius,  Al-  ) 

tair  1 S 

Canes   Vcnatici,     or   Asterion    and  } 

Chara*,  the  Grei/hounds i 

Auriga,  the  Charioteer,  or  Waggoner,  ) 

Capella  1 i 

Biiotes,  Arcturus,  Mirac  3 

Camelopardaiiis*,  the  Camelleopard. . . , 
Caput  Medusae,  the  Head  of  Medusa,  ) 

and  Perseus   J 

Cassiopeia,  Schedar  3 

Cepheus,  Alderaiuin  3 

Cerberus*,  the    Three -headed   Dog,) 

and  Hercules J 

Coma  IJerenicis,  Berenice's  Hair    . . . , 

Cor  Caroli*,  Charles's  Heart 

Corona  Borcalis,  the  Northern  Crown,  } 

Alphacca  2 J 

Cygnus,  the  Swan,  Deneb  Adige  1  . . . . 

Delphinus,  the  Dolphin 

Draco,  the  Dragon,  Raslabeu  2 

Equiilus,  the  Little  Horse 

Frederick's  Ehre,  Frederick's  Glori/  . . 
Hercules  (see  Cerberus)  Ras  Algetlii  1 

Lacerto,  the  Lizard 

Le  Messier* 

Leo  Minor*,  the  Little  Lion 

Lynx*,  the  Lynx 

Lyra,  the  Harp,  Vega  or  Wega  1  . . . . 
Mons  Mcnalus,  the  Mountain  Mcnalus 

Musca*,  the  Fli/ 

Pegasus,  the  Flying  Horse,  Maikab  I 

2,  Scheat  2 i 

Perseus  (see  Cap.   Med.)  Algenib  2,  ) 

Algol  2 I 

Sagitta,  the  Arrow 

Scutum  Sobieski*,  Sobieshi's  Shield  . . 

Serpens,  the  Serpent 

Scrpentarius  vol  Ophiucluis,  the  Scr-  ) 

pent-benrer,  Ras  Alphagus  2 \ 

Taurus    Poniatowski*,  the   Bull  of\ 

I'oniatowski ^ 

Taurus  Uegalis*.  the  Royal  Bull 

Triangulum,  the  Triangle 

Triangulum  Minus,  the  Little  'Triangle 
Tubus  Herschelii  Major,  HerschcVs  ) 

Great   Telescope ) 

Ursa  Major,  the  Great  Bear,  Dubhe  I ,  } 

Aliolli  2,  Bcncfnach  2 J 

Ursa  Minor,  the  Little  Bear,  Polar 

Star  or  Abrukabah  2 


u. 

Asc. 


30 
65 

111 

128 

150 

192 

2-26 
244 
285 
310 
336 
5 


15 

295 

200 

76 

212 
68 

44 


12  60 
338  So 


271 

185 
191 

235 

.308 
308 
270 
316 

245 
336 


150 
HI 
283 
225 
40 

340 

46 

295 
275 
236 

230 
275 

27 
31 
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236 


55  N 
50  N 
38  N 


66 
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85 
8:3 

95 

110 

51 
44 
69 
51 
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66 
71 

25 

66 

54 

58 

59 

55 
35 


43 
3 


81 
18 

80 
10 
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16 

63 
44 
22 
11 
6 

89 


18 

8 

64 

74 

7 

11 
5 

8r 

24 


41) 
41 


•  3 
4 

5 
6 

•  7 
8 
9 

10 

•  11 

•  12 
13 

•  14 
15 
16 
1 

•  18 
19 
2(1 
21 
22 

23 
24 
26 

■*  26 
27 

•  28 
29 
30 
31 

•  32 

33 

•  34 

35 

36 
37 
38 

39 

41 1 

41 

42 

43 
44 
45 

46 
47 

48 
49 

60 
51 
62 
.'>3 
64 


Constellations,  ^c.  continued. 


Vulpecula  cl  An^Ki',  the  Fox  and  Goose 
Taraudus*,  the  liein  Deer 

in.  TheSoutbern  Constellations. 

Apus,  vel  Avis  Indica*,  The  Bird  of) 

Paradise   ) 

Ara,  the  A  Itar 

Argo  Navis,  the  ship  Argo,  Cauopus  1 
Brandenburgiuni      Sceptrum*,      the  ) 

Sceptre  of  Brandenburyh j 

Canis  Major,  the  Great  Dog,  Sirius  1. . 
Canis  Minor,  the  Little  Dog,  Procyon  1 

Centaurus.  the  Centaur 

Celus,  the  IVhale,  Mcncar  2 

Chaniieleon*,  the  Cameleon 

Circinus*.  the  Compasses 

Columba  Noachi*,  Moah's  Dove 

Corona  Australis,  the  Southern  Crown 

Corvus,  the  Cruw,  Algorab  3 

Crater,  the  Cup  or  Goblet,  A  Ikes  3  . . .. 

Crux*,  the  Cross 

Dorado  or  Xipbias*,  the  Suord  Fish 
Equileus    Piclorious*,  the  Painters' ) 

Easel \ 

Eridanus,  the  River  Po,  Acherner  1  . . 

Fornax  Cheniica*,  the  Furnace 

Grus*,  the  Crane 

Horologium*,  the  Clock 

H\dra,  the  Water  Serpent,  Cor  Hy-  } 

dr;el \ 

Hydrus.  the  H'ater  Snake 

Indus*,  the  Indian 

Lcpus,  the  Hare 

Lupus,  the  Wolf 

Machina  Pneuuiatica*,  the  Air  Pump 

Microscopiuin*,  the  Microscope 

Monoccros*,  the  Unicorn   

Mons  Mensae*,   the  Table  Mountain  .  . 
Musca  Australis.   vel  Apis,  the  Sou-  ) 

them  Fly  or  Bee \ 

Norma,'vel  Quadra  KacUd'is*, Euclid's  } 

Si/uare   ) 

Ootans  Hadleianus*,  LladUg's  Octant 
Ollieina   Sculptoria*.    the    Sculptor's  ) 

Shop \ 

Orion,  Betelgeux  1,  Rigcl  1,  Bella-) 

trix  2 J 

Pavo*,  (/le  Peacock 

Phoenix* 

Piscis  Nolus  vel  Australis,  the  Sou-  ) 

them  Fish,  Fomalhaut  1 jl 

Piscis  Volans*,  the  Flying  Fish 

Praxiteles,  vel  Ccia  Sculptoria*,  the  I 

Engraver's  Tools j 

Pyxis  Nautica*,  the  Mariner's  Com-  ) 

pass     J 

Reticulus  Rhomboidalis*,the  Rhom-  i 

boidal  Act J 

Robur  Caroli,  Charla's  Oak 

Sextans*,  the  Sextant   

Solitaire,  an  Indian  Bird 

Telescopium,  the  Telescope 

Psalteriuni  Georgianum*,  the   Gear-  I 

gian  Psaltery 5 

Touchan,  the  American  Goose 

Tubus  Herschelli  Minor*,  Herckell's  ) 

Less  Telescope \ 

Triangulum  Australis*,  the  South  A  . . 

Xiplia.s,  {see  Dorado) 

Montgollier's  Balloon 

The  Press  of  Guttc^ibcrg 

Le  Chat,  the  Cat 


R. 

C 

Ase. 

- 

3(.0 

■26 

N 

30 

76 

N 

252 

75 

S. 

265 

56 

s. 

116 

50 

s. 

fi7 

15 

s. 

103 

20 

s. 

110 

3 

s. 

200 

60 

s. 

•26 

12 

s. 

175 

78 

s. 

222 

64 

s. 

86 

33 

s. 

278 

40 

s. 

185 

16 

s. 

168 

15 

s. 

183 

60 

s. 

76 

62 

s. 

84 

63 

s. 

60 

10 

s. 

42 

30 

s. 

330 

43 

s. 

40 

60 

s. 

139 

8 

s. 

2H 

68 

s. 

315 

55 

s. 

80 

18 

s. 

230 

45 

s. 

150 

32 

s. 

316 

36 

s. 

110 

0 

s. 

76 

72 

s. 

186 

68 

s. 

242 

45 

s. 

310 

80 

s. 

3 

38 

s. 

80 

0 

s. 

302 

68 

s. 

10 

50 

s. 

336 

30 

s. 

127 

68 

s. 

68 

40 

s. 

130 

30 

s. 

62 

62 

s. 

I39I6O 

s. 

143 

0 

s. 

278 

66 

s. 

359 

66 

s. 

2.')8 

66 

s. 

75 

62 

s. 
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Sote.  The  constellations  18,  21,  34,  37,  in  the  northern, 
and  45,  47,  52,  63,  and  54,  in  the  southern  hemisphere,  are 
inserted  because  foreign  astronomers  have  given  them  a  place 
in  the  heavens,  thouf;h  our  British  globe  makers  have  not  yet 
engraven  them  on  their  plates.  They  are  to  he  found,  however, 
in  the  maps  of  Dr.  Jamicsun's   Ca/eslial  Atlas. 

The  ancients  divided  the  .xtars  into  dilferent  groups,  called 
constellatiuns,  and  gave  parliciilar  names  to  each,  which  names 
the  grealer  part  of  them  have  hitliorlo  retained.  The  Pleiades 
and  Oiivn  are  mentioned  in  the  sacred  writings  by  Job,  and 
IIiniT  and  Hesiod  describe  several  constellations  by  names 
whicli  are  now  in  general  use. 


A  knowledge  of  the  principal  constellations  in  the  heavens 
will  be  an  useful  acquisition  to  the  student,  and  this  may  be 
obtained  by  noting  the  lime  when  they  come  to  the  meridian, 
that  is,  to  the  south. 

There  are  few  persons  wlio  are  unacquainted  with  the  seven 
(six  )  stars  called  the  Pleiades,  or  the  beautiful  constellation  of 
Orion.  The  Pleiades  come  to  the  meridian  of  London  about  an 
liour  before  Aldebaran,  and  Orion  culminates  an  hour  after  that 
star  ;  and  since  the  diurnal  diH'irenfc  of  time  of  a  star's  culmi- 
nating is  nearly  equal  to  the  diurnal  dillerencc  of  the  sun's  right 
ascension,  viz.  about  four  nunutes;  a  star  will  rise,  come  to  the 
meridian,  and  set,  nearly  four  minutes  earlier  every  day,  or 
about  two  hours  in  a  month. 


A  Table  of  the  Time  of  Culminating  of  the  Zndiaeal  Constellations  on  the  first  Day  of  every  3Ionth,  and  the  Semi-diurnal  Arc  at 

London. — N.  B.  The  Time  is  reckoned  from  Aoon  to  i\'oun. 


Zodirical  Coostelliilious, 


Aries,  Ari'tes,  a 

Taurus,  Aldebaran,  a.  . . 

Gemini,  Castor,  a 

Cancer,  Acabene,  a 

Leo,  Cor  Leonis,  a 

Virgo,  Spica,  a 

Libra, a 

Scorpio,  Antares,  a 

Sagittarius,  Boio.  c 

Capricornus,  Horn.  ft.  .. 
Aquarius,  R.  .Shoulil.  a. 
Pisces,  Strinff,  a 


Jan. 

Feb. 

JIar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

7i- 
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3i 
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19 

17 

15 

131 

HI 

91 
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6* 
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16} 

14 

11} 

12i 

m 

8f 

6| 

41 

2.a 

12J 

221 

201 

18} 

17 

15 

14 
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lOi 
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c>l 

n 

2 

12 

22 

20} 

181 

161 

loj 

13 

Hi 

9i 

7'i 

5.V 

31 

H 

23} 

21} 

191 
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18'- 

16i 

14^ 

l-2h 

loi 

8^ 

«^ 

4J 

'■21 

12} 

22} 

201 

VJi 

17\ 

15  J 

14 

12.^ 

10 

8 

6 

4} 

2} 

12} 

10} 

2U 

19^ 

175 

151 

13i 

llf 

9S 
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5| 

3} 

2 

23} 

23-i 

21, l 

19i 

17i 

15S 

13^ 

lU 

91 

71 

51 

3} 

n 

n 

23 

2U 

19i 

17^ 

151 

131 

lU 

ifh 

71 

5} 

3} 

3i 

I 

23i 

2U 

19} 

17i 
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13i 

11} 

9\ 

71 

61 

7 

4] 

3 

1 

23i 

214 

181 

16f 

14} 

13 

11} 

9} 

S.  Dinr.  Arc. 


8}  H. 
71  H. 
9}  H. 
7}  H. 
71  H. 
5}  H. 


H. 
H. 
H. 


4|  H. 
5}  H. 
6}  H. 


Problems  performed  by  the  Celestial  Globe. — Problem  1. — To 
find  the  rir/ht  ascension  and  declination  of  the  sun,  or  a  star. — 
Rule.  Bring  the  sun,  or  star,  to  that  part  of  the  brass  meridian 
numbered  from  the  equinoctial  towards  the  poles,  and  the 
degree  on  the  brass  meridian  is  the  declination,  and  the  right 
ascension  will  be  indicated  by  the  degree  on  the  equinoctial, 
between  the  brass  meridian  and  the  point  Aries.  Or  place 
both  the  poles  of  the  globe  on  the  horizon,  bring  the  sun  or  star 
to  the  eastern  part  of  the  horizon  ;  then  the  number  of  degrees 
which  the  sun  or  star  is  northward  or  southward  of  the  east, 
will  be  the  declination  north  or  south  ;  and  the  degrees  on  the 
equinoctial,  from  Aries  to  the  horizon,  will  be  the  right 
ascension. 

Examples.  1.  Required  the  right  ascension  and  declination 
of  a  Dubhe,  in  the  back  of  the  Great  Bear. — Answer.  Right 
ascension  162°  49',  declination  62°  48'  N. 

Problem  2. —  To  find  the  latitude  and  longitude  of  a  star. — Rule. 
Place  the  upper  end  of  the  quadrant  of  altitude  on  the  north  or 
south  pole  of  the  ecliptic,  according  as  the  star  is  on  the  north 
or  south  side  of  the  ecliptic,  and  move  the  other  end  till  the 
star  comes  to  the  graduated  edge  of  the  quadrant ;  the  number 
of  degrees  between  the  ecliptic  and  the  star  is  the  latitude  ;  and 
the  number  of  degrees  on  the  ecliptic,  reckoned  eastward  from 
the  point  Aries  to  the  quadrant,  is  the  longitude.  Or,  elevate 
the  north  or  south  pole  601°  above  the  horizon,  according  as 
the  given  star  is  on  the  north  or  south  side  of  the  ecliptic; 
bring  the  pole  of  the  ecliptic  to  that  part  of  the  brass  meridian 
numbered  from  the  equinoctial  towards  the  pole  ;  the  ecliptic 
will  then  coincide  with  the  horizon  :  screw  the  quadrant  of 
altitude  upon  the  brass  meridian  over  the  pole  of  the  ecliptic  ; 
keep  the  globe  from  revolving,  and  move  the  quadrant  till  its 
graduated  edge  comes  over  the  given  star ;  the  degree  on  the 
quadrant  cut  by  the  star  is  its  latitude;  and  the  sign  and 
degree  on  the  ecliptic  cut  by  the  quadrant  .shew  its  longitude. 

Examples.  1.  Required  the  latitude  and  longitude  of  a 
Aldebaran  in  Taurus  ? — Answ.  Latitude  6°  28' S.  longitude  2 
signs  6°  53' ;  or  6'>  .53'  in  Gemini. 

Problem  3. — The  right  ascension  and  declination  of  a  star,  the 
moon,  a  planet,  or  of  a  comet,  being  given,  to  find  its  place  on  the 
globe.-    Bring  the  given  degrees  of  right  ascension  to  that  part 


of  the  brass  meridian  numbered  from  the  equinoctial  towards 
the  poles  ;  then,  under  the  given  declination  on  the  brass  meri- 
dian, you  will  find  the  star,  or  the  place  of  the  planet. 

Examples.  1.  What  star  has  26l>^'  29'  of  right  ascension, 
and  52°  27'  north  declination!     Answ.  ft  in  Draco. 

2.  On  the  20th  of  August,  18t).5,  the  moon's  right  ascension 
was  91°  3',  and  her  declination  24°  48' ;  to  find  her  place  on  the 
globe  at  that  time.  Answ.  In  the  milky  way,  a  little  above 
the  left  foot  of  Castor. 

Problem  4. — The  latitude  and  longitude  of  the  moon,  a  star,  or 
a  planet  given,  to  find  its  place  on  the  globe — Place  the  division 
of  the  quadrant  of  altitude  marked  O,  on  the  given  longitude  in 
the  ecliptic,  and  the  upper  end  on  the  pole  of  the  ecliptic;  then 
under  tlie  given  latitude,  on  the  graduated  edge  of  the  qua- 
drant, you  will  find  the  star,  or  place  of  the  moon,  or  planet. 

Examples.  1.  What  star  has  0  signs  6°  16'  of  longitude,  and 
12°  36'  N.  latitude.     Answ.     y  in  Pegasus. 

2.  On  the  fifth  of  .Tune,  1820,  at  midnight,  the  moon's  longi- 
tude was  5'  15°  6',  and  her  latitude  1°  45'  N. ;  find  her  place 
on  the  globe. 

Problem  5. — To  find  the  rising,  setting,  and  culminating  of  any 
star, — its  continuance  above  the  horizon, — its  oblique  ascension 
and  deseension, — and  its  eastern  and  ueslern  am/ilitudcfor  any 
given  day  and  place. — Rectify  the  globe,  and  bring  the  given 
star  to  the  eastern  part  of  the  horizon,  the  index  will  shew  the 
hour  of  rising  ;  the  degree  of  the  equinoctial  that  rises  with  the 
star  is  its  oblique  ascension  ;  and  the  distance  of  the  star  from 
the  east  point  of  the  horizon  is  its  eastern  or  rising  amplitude. 

When  the  star  is  brought  to  the  meridian,  the  index  will 
shew  the  time  of  culminating. 

Bring  the  star  to  the  western  quarter  of  the  horizon,  and  its 
setting,  oblique  deseension,  and  western  amplitude,  will  be 
found  in  the  same  manner  as  its  rising,  eastern  amplitude, 
and  oblique  ascension. 

The  number  of  hours  from  rising  to  setting  will  be  the  time  of 
its  continuance  above  the  horizon. 

Examples.  1.  On  the  ninth  of  February,  when  it  is  nine 
o'riock  in  the  evening  at  London,  w  hat  stars  are  rising,  what 
stars  are  setting,  and  what  stars  are  on  the  meridian. — Attsw. 
Alphacca,   in  the   northern   Crown,   is  rising ;  Arcturus  and 
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Miracli  in  Bootes,  just  aljove  tlio  lioiizoii ;  Siriiis  on  llie  meri- 
dian ;  Procyon  and  Castor  and  Pollux,  a  little  cast  ijf  the 
meridian.  The  constellations  Orion,  Taurus,  and  Auri<ca,  a 
lillle  west  of  the  nuridiau  ;  Markal)  in  Pegasus,  just  below  tlie 
western  edge  of  the  horizon,  &c. 

2.  On  the  '2()lli  of  J;iniKiry,  at  two  o'clock  in  the  mornins,  at 
London,  what  stars  arr-  rising,  what  stars  are  scltinK,  and  what 
stars  are  on  the  meridian  (  Answ.  Vejca  in  Lyra,  the  head  of 
the  Serpent,  Spica  Virtcinis,  &c.  are  rising;  the  head  of  the 
Great  Bear,  the  claws  of  Cancer,  &c.  on  the  meridian  ;  the 
head  of  Andromeda,  the  neck  of  Cctus,  and  the  body  of  Colum- 
ba  Noachi,  &c.  are  seltinjf. 

.3.  When  does  Sirius  rise  at  London,  on  March  14;  at  what 
time  comes  it  to  the  meridian,  and  set;  how  long  does  it  con- 
tinue above  the  horizon  ;  what  are  its  ohlii|ue  ascension  and 
descension,  and  its  eastern  and  western  amplitude  ? 

Answ.  Kiscs  at  2h  2lni.  /).  m. 

Culminates C     57      ;).»«. 

Sets  H     30      p.  Ill- 

Above  the  horizon 9       0 

Oblique  ascension 120°  47' 

Oblique  descension   77     17 

Amplitude   27       OS. 

4.  Required  the  same  for  Fomalhaut,  at  the  Cape  of  Good 
Hope,  on  December  lOth  ? 

Answ.  K hen lOli     Om.  o.  jh. 

Culminates 5     30      p.m. 

Sets 1        0       a.m. 

Above  the  horizon 15      0 

Oblique  ascension 317°      0* 

Oblique  descension 3      0 

Amplitude   38      OS. 

Problem  0. — To  represent  the  face  of  t lie  hearens  for  any  given 
day  and  hour,  in  any  given  latitude. — Adjust  the  globe  as  in  the 
preceding  problems,  by  bringing  the  sun's  place  to  the  meri- 
dian, putting  the  index  to  12,  and  then  turning  the  globe  to  the 
given  hour;  and  the  stars  in  the  heavens  will  appear  exactly 
ID  the  same  situations  as  they  arc  upon  the  globe. 

Examples.  1.  Ke<iuired  the  situation  of  the  stars  for  the 
latitude  of  Newcastle,  on  October  6tli,  at  eight  o'clock  in  the 
evening.  In  this  survey  we  commence  at  the  north  point  of 
the  horizon,  and  proceed  eastward,  noticing  the  dill'creiit  con- 
stellations, and  the  relative  situation  of  the  stars  iu  these 
constellations. 

The  first  star  whicli  strikes  the  eye  of  the  observer,  in  the 
north-east  part  of  the  heavens,  is  Capella,  in  the  constellation 
Auriga,  or  the  waggoner:  it  is  of  the  first  magnitude,  of  the 
altitude  of  22°,  or  nearly  the  fourth  part  of  the  distance  from 
the  horizon  to  the  zenith.  There  are  two  stars  of  the  second 
magnitude,  which  fortn  with  Capella  a  tiiangle  :  the  star  which 
forms  the  short  side  of  the  triangle  is  in  the  right  shoulder  of 
Auriga,  and  is  marked  fi\  it  lies  at  the  dista?ice  of  about  8° 
from  Capella,  furtlicr  to  the  north  ;  its  altitude  is  18°  ;  the  star 
forming  the  longer  side  of  the  triangle  is  in  the  Bull's  northern 
horn  :  its  di.stance  from  Capella  is  not  more  than  25° ;  its 
altitude  not  more  tlKui5'';  azimuth  N.  E.  There  are  tlirec 
stars  of  the  fourth  magnitude,  a  little  to  the  south  of  Capella, 
that  bear  the  name  of  tlie  Kids. 

If  aline  be  drawn  through  the  two  stars  that  form  the  upper 
side  of  the  triangle,  and  cuntinucd  to  the  horizon,  it  will  point 
out  Castor,  ij,  in  Gemini,  just  rising;  azimuth,  E.  N.  E.  :  it  is 
between  the  first  and  second  magnitude.  The  other  stars  in 
this  constellation  have  imt  yet  risen. 

A  line,  drawn  between  Castor  and  Capella,  and  continued 
higher  in  the  heavens,  will  point  out  Perseus,  in  which  there 
are  three  stars,  one  of  the  second  magnitude,  n,  named  Algenib, 
and  two  of  the  third  magnitude,  one  on  each  side  of  Algenib, 
at  the  distance  of  about  5°;  they  form  a  line,  a  little  curved 
on  the  side  next  Auriga.  The  altitude  of  Algenib  is  37°;  azi- 
muth, N.  E.  by  E. 

A  little  to  the  south  of  Perseus  is  the  head  of  Medusa, which 
Perseus  is  holding  in  his  hand.  Bcsiiles  two  or  three  smaller 
stars,  it  contains  one  of  the  second,  and  one  of  the  third  mag- 
nitude :  the  name  of  the  brightest  is  Algol ;  altitude  33° ; 
azimuth,  E.  N.  B.  Algol  is  only  10°  distant  from  Algenib. 
Directly  below  the  head  of  Medusa,  about  14°  above  the 
45. 


horizon,  are  the  Pleiades,  or  Seven  Stars  ;  they  are  situated  in 
the  shoulder  of  Taurus,  and  arc  so  easily  known,  that  no 
description  is  necessary.  Aldebaran,  a  star  of  the  first  magni- 
tude, which  forms  the  eye  of  Taurus,  is  just  rising;  azimuth, 
E.  N.  E.  A  vertical  circle,  drawn  through  Aliol,  will  point  to 
it.  There  are  two  stars  of  the  third  magnitude,  and  several 
smaller,  very  near  Aldebaran,  whiih  form  with  it  a  triangle. 
The  whole  cluster  is  called  the  Hyades. 

A  line  drawn  from  Aldebaran  through  Algol,  and  continued 
to  the  zenith,  will  direct  to  Cassiopeia.  This  contains  five  stars 
of  the  third  magnitude,  besides  several  of  the  fourth:  it  is  in 
form  something  like  the  letter  Y,  or,  as  some  think,  an  inverted 
chair.  It  is  situated  above  Perseus,  within  30°  of  the  zenith. 
The  altitude  of  the  brightest  star  a,  called  Schcdar,  is  00°; 
azimuth,  E.  N.  E. 

Below  Cassiopeia,  and  west  of  Perseus,  is  Andromeda,  which 
contains  three  stars  of  the  second  magnitude.  .\  line  from 
Algenib,  parallel  to  the  horizon,  towards  the  south,  w  ill  pass 
very  near  these  three  stars  ;  and  as  they  are  all  of  the  same 
magnitude,  and  placed  nearly  at  the  same  distance  of  15°  from 
each  other,  they  may  easily  be  known.  The  name  of  the  .^tar 
nearest  Perseus,  and  which  is  in  the  foot  of  .•Vndromeda,  mark- 
ed y,  is  Almaack  :  its  altitude  is  49°  ;  azimuth,  E.  N.  E.  The 
name  of /3,  in  the  girdle,  is  Miracli  ;  its  altitude  44°;  azimuth, 
E.  The  altitude  of  n,  in  the  head  of  Andromeda,  is  4(5°;  azi- 
muth E.  S.  E. 

About  18°  below  Mirach  are  two  stars  in  Aries,  not  more 
than  ,5°  distant  from  each  other,  forming  with  Mirach  an 
isosceles  triangle:  the  most  eastern  star  a,  is  of  the  second 
magnitude  ;  the  other,  /^,  of  the  third,  attended  by  a  smaller 
star,  marked  y,  of  the  fourth  magnitude.  A  liue  drawn  from 
Mirach,  perpendicular  to  the  horizon,  will  pass  between  the 
two,  and,  besidi's,  will  point  to  a  star  of  the  second  magni- 
tude, directly  E.  not  3"  above  the  horizon. 

The  star  is  the  first  of  Cetus,  marked  a,  and  is  of  the  second 
magnitude;  it  is  named  Menkar:  a  line,  drawn  from  Capella 
through  the  Pleiades,  will  also  point  to  it.  Cetus  is  a  largo 
consti  llalion.  and  contains  eight  stars  of  the  third  magnitude; 
they  all  lie  to  the  west  of  Menkar ;  fl.  a  star  in  the  tail,  is  more 
than  40°  degrees  distant  from  it.  The  azimuth  of  (3  is  S.  E.  by 
E. ;  altitude  nearly  the  same  as  Menkar. 

The  constellation  Pisces  is  situated  next  to  Aries;  it  con- 
tains one  star  of  the  third  magnitude,  marked  a;  its  altitude  i.s 
10";  azimuth,  E.  by  S.  ;  it  is  distant  from  Menkar  15°.  A  line 
drawn  from  .Vlmaack,  through  a  in  .\rics,  will  point  to  it. 

If  we  return  again  to  a,  in  the  head  of  Andromeda,  we  shall 
find  three  other  stars  nearer  the  meridian,  which  with  it  form 
a  square  :  these  stars  are  in  Pegasus,  and  are  placed  at  the 
distance  of  15°  from  each  other  ;  they  are  all  of  the  second 
magnitude.  The  two  stars  forming  the  western  side  of  the 
S(piare  are  called,  the  upper  one  Scheat,  which  is  marked  fi, 
and  which  is  in  the  thij;h  of  Pegasus  ;  the  under  one  Markab, 
which  is  marked  «,  and  which  is  in  the  wing  :  the  lowest  star 
in  the  eastern  side  of  the  square  is  in  the  tip  of  the  wing,  and 
is  marked  y.  The  altitude  of  the  Scheat  is  5.5" ;  azimuth.  S.  E. 
1  E.      Altitude  of  Markab,  43»  ;  azimuth,  S.  E.  by  .S.  \  K. 

A  line  drawn  through  y  and  /3  (the  diagonal  in  the  square  of 
Pergasus,)  and  continued  to  the  meridian,  will  point  out  Cyg- 
nus,  a  remarkable  constellation,  in  the  form  of  a  large  cross, 
in  which  there  is  a  star  of  the  second  magnitude,  named  Ileneb 
or  Aridcd  ;  it  is  marked  a.  and  is  almost  directly  upon  the  meri- 
dian, at  the  altitude  of  80°.  C>gnus  contains  six  stars  of 
the  third  magnitude.  The  constellation  Cepheus,  which  con- 
tains no  remarkable  stars,  is  situated  between  Cygnus  and  the 
north  pole. 

Below  Pegasus,  and  nearer  the  meridian,  is  ,\quarius,  con- 
taining four  stars  of  the  third  magnitude.  A  line  drr^wn  from 
a  in  Andromeda,  throm;li  Markab.  will  point  to  a  iu  Aquarius. 
Its  altitude  is  32° :  azimuth,  S.  S.  E. 

A  bright  star  of  the  first  magnitude,  named  Foraalhaut,' in 
Piscis  Australis,  is  then  upon  the  horizon;  azimuth,  S.  S.  E. 

Delphinus,  a  small  constellation,  about  30'^  below  Cygnus, 
upon  the  meridiau,  contains  five  stars  of  the  third  ntagnitude  ; 
four  of  Ihcm  are  placed  close  together,  and  form  the  figure  of 
a  lozenge.  A  line  drawn  thri)U;;li  the  two  under  stars  of  the 
square,  will  point  to  it  :  its  altitude  is  about  50. 
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A  llllle  to  'the  west  of  Dclphiniis,  but  not  quite  so  higli,  is 
Aquila,  containing  one  verj*  bright  star  of  the  tirst  nia^nilude, 
named  Alair:  it  may  very  easily  be  known,  from  having  a  star 
on  each  side  of  it,  of  the  third  magnitude,  forming  a  straight 
line,  the  lenglh  of  tlie  line  is  only  about  6'.  Altitude  of  Atair, 
40»;  azimuth,  S.  S.  W. 

Considerably  above  Atair,  and  a  little  to  t!ie  west  of  Cygnus, 
is  Lyra,  containing  a  star  of  the  lirst  magnitude,  one  of  the 
most  brilliant  in  the  firmament.  It  is  called  Lyra,  or  Vega, 
and  is  35°  to  the  nortli-west  of  Atair  :  altitude  GO" ;  azimuth, 
W.  S.  W.     L;, ra,  Alair,  and  Arided  form  a  large  triangle. 

We  come  now  to  notice  three  constellations,  which  occupy  a 
large  space  in  the  western  side  of  the  heavens  :  these  are,  Her- 
cules, immediately  below  Lyra ;  Serpentarius,  between  Her- 
cules and  the  horizon,  e.\tcnding  a  little  more  towards  the 
south  ;  and  Bootes,  reaching  from  the  horizon  W.  N.  W.  to  the 
altitude  of  45'. 

Hercules  contains  eight  stars  of  the  third  magnitude:  the 
star  in  the  head,  a.  named  Ras  Algethi,  is  within  5°  of  a,  in  the 
head  of  Serpentarius.  This  last  is  a  star  of  the  second  magni- 
tude, and  is  named  Ras  .\lhague :  its  altitude  is  30°;  azimuth 
S.  W.  by  W.  5  W.  A  line  drawn  from  Lyra,  perpendicular 
to  the  horizon,  will  pass  between  these  two  stars.  The  other 
stars  in  Hercules  extend  towards  the  zenith,  and  those  in  Ser- 
nentarius  towards  the  horizon. 

The  constellation  Biiotcs  may  easily  be  known  from  the  bril- 
lianoy  of  Arcturus,  astar  of  the  first  magnitude,  and  supposed  to 
be  the  nearest  to  our  system  of  any  in  tlie  northern  hemisphere: 
it  is  within  10°  of  the  horizon  ;  azimuth,  W.  N.  W.  ijijotes 
also  contains  seven  stars  of  the  third  magnitude,  mostly  situ- 
ated higher  in  the  heavens  than  Arcturus.  The  star  imme- 
diately above  Arcturus  is  called  the  Mezen  Miracli,  and  is 
marked  e.  The  star  in  the  left  shoulder,  o,  named  Seginus, 
forms,  with  Mirach  and  Arcturus,  a  straight  line. 

Between  Serpentarius  and  Biiotcs  is  Serpens,  containing 
one  star  of  the  second  and  eight  of  tlie  third  magnitude  ;  a, 
in  Serpens,  is  nearly  at  the  same  distance  from  the  hoiizon  as 
Arcturus  ;  azimuth,  W. 

Above  Serpens,  and  a  little  to  the  east  of  Bootes,  is  the 
Northern  Crown,  containing  one  star  of  the  second  magnitude, 
named  Gemma,  and  several  of  the  third,  which  have  the  ap- 
pearance of  a  semicircle.  A  line,  drawn  from  Lyra  to  Arcturus, 
will  pass  through  this  constellation. 

We  come  now  to  Ursa  Major,  a  constellation  containing  one 
star  of  the  lirst,  three  of  the  second,  and  seven  of  the  third 
magnitude.  It  may  be  easily  distiuguished  by  those  seven 
stars,  which,  from  their  rcsemhiance  to  a  waggon,  are  called 
Charles's  Wain.  The  four  stars  in  the  form  of  a  long  square 
arc  the  four  wheels  of  the  waggon  ;  the  three  stars  in  the  tail  of 
the  Bear,  are  the  three  horses,  which  appear  fixed  to  one  of  the 
wheels.  The  two  hind  wheels  («  named  Dubhe  and  /3,)  are 
called  the  pointers,  from  their  always  pointing  nearly  to  the 
north  pole;  hence  the  pole  star  may  be  known.  The  altitude 
of  Dubhe  is  30°;  azimuth,  N.  by  W.  -J  W. :  the  distance  be- 
tween the  two  pointers  is  5° ;  the  distance  betw  cen  the  pole  star 
and  Dulihe  the  upper  pointer  is  33°. 

Ursa  Minor,  besides  the  pole  star,  of  the  second  magnitude, 
situated  in  the  tail,  contains  three  of  the  third,  and  three  of 
the  fourth  magnitude.  These  form  some  resemblance  to  the 
figure  of  Charles's  Wain  inverted,  and  may  easily  be  traced. 

Draco,  containing  four  stars  of  the  second,  and  seven  of  the 
third  magnitude,  spreads  itself  in  the  heavens  near  LVsa 
Minor;  the  four  stars  in  the  head  are  in  the  form  of  a  rhom- 
bus, or  lozenge  ;  the  tail  is  between  the  pole  star  and  Charles's 
Wain. 

Besides  these  constellations,  there  are  a  number  of  others, 
which,  as  they  contain  no  remarkable  stars,  we  have  not 
described  :  an  enumeration  of  these  will  suffice. 

The  Lynx,  between  Ursa  Major  and  Auriga;  Cameloparda- 
lus,  between  Ursa  Major  and  Cassiopeia  ;  Musca  and  the 
Greater  or  Less  Triangles,  between  Aries  and  Perseus  ; 
Hquuleus,  close  to  the  head  of  Pegasus  ;  Sagittarius,  setting 
in  the  S.  W. ;  Antinous,  and  Sobieski's  Shield,  below  Aquila; 
the  Fox  and  the  Goose,  between  Aquila  and  Cygnus  ;  the 
Greyhounds,  and  Berenice's  Hair,  between  Bootes  and  Ursa 
Major  :  and  Leo  Minor,  below  Ursa  Major. 


As  one  day  brings  the  stars  nearly  four  minutes  earlier  into 
the  same  situation  than  they  were  on  the  preceding  day;  by 
making  that  allowance,  the  above  view  of  the  heavens  witi 
answer  for  September  Clh,  about  10  o'clock;  September  21st, 
about  nine  o'clock  ;  or  October  21st,  about  seven  o'clock  in 
the  evening. 

2.  Point  out  the  situation  of  the  stars  for  the  latitude  of  Lon* 
don,  on  January  1st,  at  eight  o'clock  in  the  evening. 

3.  Required  the  situatiouof  the  stars  for  the  latitude  of  Paris, 
on  March  21st,  at  nine  in  the  evening. 

4.  W'hat  are  the  principal  constellations  that  will  be  above 
the  horizon  of  Edinburgh,  on  May  1st,  at  ten  o'clock  in  the 
evening. 

GLOBULAR  Chart,  the  representation  of  the  surface,  or  of 
some  part  of  the  surface,  of  the  terrestrial  globe  upon  a  plane, 
wherein  the  parallels  of  latitude  are  circles  nearly  concentric, 
the  meridian  curves  bending  towards  the  poles,  and  the  rhomb 
lines  are  also  the  curves. 

Globular  Projection.    See  Map. 

Globular  Sailhii/.     See  Sailing. 

GLOW  Worm.     See  Lampyris. 

GLUCINA,  in  Chemistry,  an  earth  so  named  from  its  sweetisli 
taste,  and  which  in  the  powder  or  in  fragments  is  almost  three 
times  as  heavy  as  water.  It  is  infusible  in  the  fire,  does  not 
contract  like  alumina,  by  great  heat,  and  has  no  efiect  on 
vegetable  colours.  It  is  insoluble  in  water,  but  combines  with 
acids,  making  with  them  soluble  salts,  distinguished  by  a  slightly 
astringent  taste.     It  was  first  discovered  in  aqua  marina. 

GLUE,  among  Artificers,  a  tenacious  viscid  matter,  which 
serves  as  a  cement  to  connect  things  together.  Glues  are  of 
different  kinds,  according  to  the  various  uses  they  are  designed 
for.  as  the  common  glue,  glove  glue,  parchment  glue,  isinglass 
glue,  Ike.  The  common  or  strong  glue,  is  made  of  the  skins  of 
animals;  as  oxen,  cows,  calves,  sheep,  &c.,  and  the  older  the 
creature  is,  the  better  is  the  glue  made  of  its  hide.  Indeed, 
whole  skins  are  but  rarely  used  for  this  purpose,  but  only  the 
shavings,  parings,  or  scraps  of  Ihem  ;  or  the  feet,  sinews,  &c. 
In  making  glue  of  paiings,  they  first  steep  them  two  or  three 
days  in  water;  then  washing  them  well  out,  they  boil  them  to 
the  consistence  of  a  thick  jelly,  which  they  pass,  while  hot, 
through  osier  baskets,  to  separate  the  impurities  from  it,  and 
then  let  it  stand  some  time  to  purify  it  further:  when  all  the 
filth  and  ordures  are  settled  to  the  bottom  of  the  vessel,  they 
melt  and  boil  it  a  second  time.  They  next  pour  it  into  fiat 
frames  or  moulds,  whence  it  is  taken  out  pretty  hard  and  solid, 
and  cut  into  square  pieces  or  cakes.  They  afterwards  dry  it  in 
the  wind,  in  a  sort  of  coarse  net;  and  at  last  string  it,  to  finish 
its  drying.  The  best  glue  is  that  which  is  oldest;  and  the 
surest  way  to  try  its  goodness,  is  to  lay  a  piece  to  steep  three 
or  four  days,  and  if  it  swell  considerably  without  melting,  and 
when  taken  out  resume  its  former  dryness,  it  is  excellent.  A 
glue  that  will  hold  against  fire  or  water  may  be  made  thus: 
mix  a  handful  of  quick  lime  with  four  ounces  of  linseed  oil, 
boil  them  to  a  good  thickness,  then  spread  it  on  tin  plates  in 
the  shade,  and  it  will  become  exceedingly  hard,  hut  may  be 
dissolved  over  a  fire,  as  glue,  and  will  effect  the  business  to 
admiration. 

Gi.uE.  Method  of  Prepariny  and  Using. — Set  a  quart  of  water 
on  the  fire,  then  put  in  about  half  a  pound  of  good  glue,  and 
boil  them  gently  together  till  the  glue  be  entirely  dissolved, 
and  of  a  due  consistence.  When  glue  is  to  be  used,  it  must  be 
made  thoroughly  hot;  after  which,  with  a  brush  dipped  in  it, 
besmear  the  faces  of  the  joints  as  quick  as  possible  ;  then 
clapping  them  together,  slide  or  rub  them  lengthwise  one  upon 
another  two  or  three  times,  to  settle  them  close;  and  so  let 
them  stand  till  they  are  dry  and  firm. 

Glue,  Parchment,  is  made  by  boiling  gently  shreds  of  parch- 
ment in  water,  in  the  proportion  of  one  pound  of  the  former  to 
six  quarts  of  the  latter,  till  it  be  reduced  to  one  quart:  the 
fluid  is  then  strained  from  the  dregs,  and  afterwards  boiled  to 
the  consistence  of  glue.  Isinglass  glue  is  made  in  the  same 
w  ay :  but  this  is  improved  by  dissolving  the  isinglass  iu  alcohol, 
by  means  of  a  gentle  heat.     Sfe  Cement. 

GLUTEN.  With  the  fecula  and  saccharine  matter  which 
con)pose  the  principal  part  of  nutritive  grain,  is  another  sub- 
Stance  approachiug  more  nearly  iu  its  characters  to  animal 
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nnttcr  tliaii  any  oilier  product  of  llie  vcj;ctal)Ie  system.  From 
llie  reseinlilaiiee  in  its  properties  to  the  animal  principle  for- 
merly ealleil  gluten,  but  now  described  under  the  term  /i'Arin, 
it  has  received  the  name  of  ve;;etahle  g;luten.  It  is  obtained  in 
larg;e  quantities  from  wheat,  auuiunting  to  the  li!lli  part  of  the 
whole  K''**'".  '^y  knea<ling  the  flour  into  paste,  which  is  to  be 
washed  very  cautiously,  by  kncadin<;  it  under  a  jet  of  water  till 
the  water  carries  olf  nothing  more,  but  runs  olf  colourless; 
what  remains  is  gluten  :  it  is  ductile  and  elastic;  it  has  some 
resemblance  to  animal  tendmi  or  membrane  ;  it  is  very  tena- 
cious, and  may  be  used  as  a  cement  for  broken  porcelain 
vessels.  It  has  a  peculiar  smell,  with  scarcely  any  taste. 
When  exposed  to  the  air  it  assumes  a  brown  colour,  and 
becomes  apparently  covered  with  a  coat  of  oil.  When  com- 
pletely dry  it  resembles  glue,  and  breaks  like  glass.  It  is 
insoluble  in  water,  alcohol,  and  elhcr  ;  but  the  acids  dissolve  it, 
and  the  alkalies  precipitate  it.  It  has  a  strong  aflinity  for  the 
colouring  matter  of  vegetables,  and  likewise  for  resinous  sub- 
stances. When  kept  moist,  it  ferments,  and  emits  a  very 
offensive  smell  ;  the  vapour  blackens  silver  and  load.  Its 
constituent  parts  are  oxygen,  hydrogen,  carbon,  and  azote. 
Though  it  exists  most  abundantly  in  wheat,  it  is  found  in  large 
quantities  in  many  other  plants.  It  is  gluten  that  renders 
wheat  so  fit  for  bread. 

GLYCYRRHIZA,  or  Liquouici:,  a  genus  of  the  diadelphia- 
dccandria  class  and  order.  Natural  order  of  papilionaeeoR  or 
leguminosa!.  There  are  four  species  ;  tall  perennial,  herba- 
ceous plants,  with  the  stalks  somewhat  woody  at  the  bottom. 
Their  propagation  is  elleeled  by  cuttings  of  the  small  roots. 
An  open  situation  and  a  deep  loose  soil  is  the  most  suitable  for 
them.  In  three  years  the  roots  will  be  fit  to  take  up.  Liquorice 
is  almost  the  only  sweet  that  quenches  thirst,  and  has  been 
employed  in  hydropic  cases,  to  prevent  the  necessity  of  drink- 
ing.    An  extract  is  made  from  the  root. 

GNAT.     See  Culex. 

GNEISS,  in  Mineralogy,  composed  of  ielspar,  quaitz,  and 
mica,  forming  plates,  laid  on  each  other,  and  separated  by  thin 
layers  of  mica;  dillcrs  trom  granite  by  being  divisible  like 
slate;  though,  like  that,  it  sometimes  contains  schorl  and  garnet. 
The  beds  of  gneiss  sometimes  alternate  with  layers  of  granular 
limestone,  schistose,  hornblende,  and  porphyry.  It  is  rich  in 
ores;  almost  every  metal  has  been  found  in  gneiss  rocks,  either 
in  veins  or  beds.  Sometimes  gneiss  is  found  in  a  curved  form, 
of  which  there  are  some  very  remarkable  rocks  in  the  island  of 
Lewis,  one  of  the  Hebrides. 

GNOMON,  in  Astronomy,  is  an  instrument  or  apparatus 
for  measuring  the  altitudes,  declinations.  Sec  of  the  sun  and 
stars.  The  gnomon  is  usually  a  pillar,  or  column,  or  pyramid, 
erected  upon  level  ground,  or  a  pavement.  For  making  the 
more  considerable  observations,  both  the  ancients  and  moderns 
have  made  great  use  of  it,  especially  the  former;  and  many 
have  preferred  it  to  the  smaller  ()ua(lraiils,  both  as  more  accu- 
rate, easier  made,  and  more  easily  applied.  The  most  ancient 
observation  of  this  kind  extant,  is  that  made  by  Pylliea-.,  in 
the  time  of  Alexander  the  Great,  at  Marseilles,  where  he  found 
the  height  of  the  gnomon  was  in  proportion  to  the  meridian 
shadow  at  the  summer  solstice,  as  21;iJ  to  GOO;  just  the  same 
as  Gassendi  found  it  to  be,  by  an  observation  made  at  the  same 
place,  almost  2000  years  after,  ri:.  in  the  year  I0'.'!6. 

The  elevation  of  the  pole  may  be  found  by  means  of  the  gno- 
mon, by  finding  the  meridian  height  of  the  sun  ;  for  this  being 
given,  we  have  the  elevation  of  the  e<|uator,  and  consecpiently 
that  of  the  pole.  The  meridian  height  of  the  sun  may  be  found 
in  the  following  manner:  Let  A  (', 
in  the  ainiexed  figure,  represent  the 
gnomon,  A  15  the  shadow,  C,  B 
part  of  a  ray  drawn  from  the  centre 
of  the  sun  passing  by  the  top  of  the 
gnomon,  and  terminating  the  sha- 
dow at  \i.  These  lines  form  the  right- 
angled  triangle  A  15  C,  and  of  which       ..-•' 

the  two  legs  A  15,  A  C  may  be  sup-     \{ 

posed    given,    their    lengths    being  " 

accurately  found  by  measurement;  then  having  the  two  sides, 
and  know  ing  the  angle  at  A  lo  be  a  right  angle,  the  angles  at  B 
and  C  arc  easily  found   by  the  known  rules  of  trigonometry  : 
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the  former  of  which  will   give  the  snu's  meridian  altitude,  and 
hence  the  latitude  of  the  place. 

This  method  of  observation,  liowever,  is  by  no  means  accu- 
rate, as  is  proved  by  the  following  deficiencies  in  the  ancient 
observations  made  in  this  manner:  1.  The  astronomers  did 
not  take  into  account  the  sun's  parallax,  which  makes  his 
a[)parent  altitude  less  than  it  vvould  be  if  the  gnomon  vscre 
placed  at  the  centre  of  the  earth.  2.  They  neglected  refrac- 
tion, by  which  the  apparent  height  of  the  sun  is  somevihat 
increased.  .").  They  made  their  calculations  as  if  the  shadows 
were  terminated  by  a  ray  coming  from  the  sun's  centre; 
whereas  it  is  bounded  by  one  coming  from  the  upper  edge 
of  his  limb.  These  errors,  how  ever,  may  be  easily  allowed  for  ; 
and  when  this  has  been  done,  the  ancient  observations  are 
generally  found  to  coincide  nearly  with  those  of  the  moderns. 
Gnomon,  in  Dialling,  is  the  style-pin,  or  cock  of  a  dial,  the 
shadow  of  which  points  out  the  hours.  This  is  alwajs  sup- 
posed to  represent  the  axis  of  the  world,  to  which  it  is  there- 
fore parallel,  or  coincident,  the  two  ends  of  it  pointing  straight 
to  the  north  and  south  poles  of  the  world. 

Gnomon,  in  Geometry,  is  the  space  included  between  the 
lines  forming  two  similar  parallelograms,  of  w  hieh  the  smaller  is 
inscribed  withio  the  larger,  so  as  to  have  one  angle  iu  each  com- 
mon to  both. 

Thus  AGFEandAUCD  being 

o I        C         similar    parallelograms,  having    a 

/  1         connnon    angle    at    A  ;    then    the 

j^       /  space    G  15  C  F  D  E  is   called    a 

E/^ 7  /ll         gnomon.     In  the  same  manner,  if 

G  F  and  K  F  be  produced  to  II  and 
I,  foiming  another  similar  paralle- 
logram F  il  (;  I,  then  is  also  the 
space  F  II  U  A  D  I  a  gnomon  ; 
and  the  same  may  otherwise  be 
fonncd  aboul  Ihe  angles  D  and  B. 

Gnomonic,  or  Gnomonical  Projrctioii,  that  which  repre- 
sents the  circle  of  a  hemisphere  upon  a  plane  touching  it  in  the 
vertex,  by  lines  or  rays  from  the  centre  of  the  hemisphere  to  all 
the  points  of  the  circles  to  be  projected.  In  this  projection  all 
the  great  circles  of  the  sphere  are  projected  into  right  lines. 
Any  lesser  circle  parallel  to  the  plane  of  projection,  is  project- 
ed into  a  circle.  And  any  lesser  circle  not  parallel  to  the  plane 
of  projection,  is  projected  into  a  conic  section.  The  gnomonic 
projection  is  also  called  Ihe  liuiolnffim/rapliic  projection,  because 
it  is  the  foundation  of  di;dling.  In  other  respects  it  is  not  much 
used,  because  the  circles  ol  the  sphere  arc  projected  into  conic 
sections,  which  are  dilTicult  to  be  desciibcd.  However,  this 
projection  has  its  conveniences  in  the  solution  of  some  pro- 
blems of  the  sphere,  on  account  of  the  great  circles  bi  ing  all 
projected  into  right  lines.  Emerson  lias  given  a  theory  and 
practice  of  the  gnomonic  projection,  in  his  treatise  on  the 
"  Projection  of  the  Sphere." 

Gnomonics,  the  art  of  dialling,  or  of  drawing  sun  and  moon, 
dials,  &c.  on  any  given  plane,  so  called,  as  it  shews  how  to  find 
the  hour  of  Ihe  day,  &e.  by  the  shadow  of  the  gnomon  or  style. 
GNOSTICS,  in  Church  History,  a  sect  of  Christians,"  so 
called  from  their  pretensions  to  be  more  enlightened  than 
others,  and  from  their  afl'eeting  to  be  able  to  bring  mankind  to 
the  knowledge  of  the  true  God. 

GO.'VT,  in  Ziiology,  Capra,  a  genus  of  quadrupeds,  of  Ihe 
order  of  pecorn,  of  which  there  are  nine  species  and  varieties, 
viz.  I.  Capra  Ibex,  found  in  several  parts  of  Europe  and  .Vsia, 
dwells  in  mountainous  parts,  and  is  an  animal  of  great  strcnglli 
and  agility.  The  colour  is  a  grajish  liiown.  2.  Capra  ^Tlgagrus, 
or  Caucasian  Ibex,  larger  than  the  common  goat,  in  some  de- 
gree resembles  a  stag.  The  female  has  neither  horns  nor  beard. 
It  iidiabits  the  highest  parts  of  mount  Caucasus,  and  is  strong 
and  SHift.  3.  Capra  Hircus,  or  conmion  goat,  found  in  almost 
every  part  of  the  globe  is  various  of  colour,  being  black, 
brown,  white,  or  spotted.  The  Itesli  is  good  when  joung,  and 
the  skin  is  used  for  making  gloves.  The  goat  goes  with  young 
four  months  and  a  half.  The  leather  made  of  Ihe  skin  of  the 
Chamois  goat  is  highly  esteemed.  The  following  are  the 
principal  varieties  of  Ihe  common  goat:  1.  Capra  Mambrica, 
or  .Syrian  goat,  is  remarkable  for  its  ears,  which  are  long  and 
pendulous.    2.  Capra  ,\ngoreiisis,  or  Angora  goat,  is  generally 
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of  a  niilk-wliite  colour,  short-Icg;<i;cd,  with  black,  spreading, 
spirally  twisted  liorns,  and  the  hair  on  tlie  Ijod)  lianjjiiig  in 
spiral  ringlets.  From  this  hair  fine  caniblels  are  made.  3. 
Capra  Depi  essa,  or  African  goat,  is  a  very  small  kind,  found  in 
some  parts  of  Africa.  4.  Capra  Reversa,  or  Whidah  goat,  is 
also  a  dwarf  variety  found  in  Africa,  where  it  is  much  esteemed 
as  an  article  of  food.  5.  Loug-horned  Whidah  goat.  6.  Capri- 
corn goat. 

GdBIUS,  the  Gohj,  in  Natural  History,  a  _n:enus  of  fishes  of 
the  order  tlioracici,  of  which  there  are  twenty-live  species. 

GOD,  the  Supreme  Being,  the  lirst  Cause,  or  Creator  of  the 
universe,  the  upholder  and  governor  of  all  things,  and  the  only 
true  object  of  religious  worship. 

GODFATHEKS  and  GODMOTHERS,  persons  who  at  the 
baptism  of  infants  lay  themselves  under  an  indispensable 
obligation  to  instruct  them  in  the  principles  of  Christianity, 
and  watch  over  their  conduct. 

GOGGLES,  in  Surgery,  instruments  used  for  the  cure  of 
squinting,  or  that  distortion  of  the  eyes  which  occasions  this 
disorder.  They  are  short  conical  tubes,  composed  of  ivory 
stained  black,  with  a  thin  plate  of  the  same  ivory  fixed  in  the 
tubes  ;  through  the  centre  of  the  plates  is  a  small  circular  hole, 
about  the  size  of  the  pupil  of  the  eye,  for  the  transmission  of 
the  ravs  of  light. 

GOLD.     See  AliKUM. 

Gold  Wire,  a  cylindrical  ingot  of  silver,  superficially  gilt,  or 
covered  with  gold  at  the  fire,  and  afterwards  drawn  succes- 
sively through  a  great  number  of  little  round  holes,  of  a  wire- 
drawing iron,  each  less  than  the  other,  till  it  is  sometimes 
no  bigger  than  a  hair  of  the  head. 

Gold  Wire,  flatted,  is  the  former  wire  flatted  between  two 
rollers  of  polished  steel,  to  fit  it  to  be  spun  on  a  stick,  or  to  be 
used  flat,  as  it  is  without  spinning,  in  certain  stulls,  laces, 
embroideries,  &c. 

Gold  Thread,  or  Spun  Gold,  is  flatted  gold  wrapped  or  laid 
over  a  thread  of  silk,  by  twisting  it  with  a  wheel  and  iron 
bobbins. 

Gold  Beatirty.  A  quantity  of  pure  gold  being  melted  and 
formed  into  an  ingot,  reduced,  by  forging,  into  a  plate  about 
the  thickness  of  a  sheet  of  paper;  the  gold  bcalcrs  cut  the 
plate  into  little  pieces  about  an  inch  square,  and  lay  them  in 
the  first  or  smallest  mould  to  begin  to  stretch  them  ;  after  they 
have  been  hammered  here  a  while  with  the  smallest  hammer, 
they  cut  each  of  them  into  four,  and  put  them  into  the  second 
mould,  to  be  extended  further.  Upon  taking  tliem  hence,  they 
cut  them  again  into  four,  and  put  them  into  the  third  nionld, 
out  of  which  they  are  taken,  divided  inlo  four  as  before,  and 
laid  in  the  last  or  finishing  mould,  where  they  arc  beaten  to 
the  degree  of  thinness  required.  They  take  them  out  of  the 
mould,  and  dispose  them  into  little  paper  books,  prepared  with 
a  little  red  bole  for  the  gold  to  stick  to ;  each  book  ordinarily 
contains  2.0  gold  leaves. 

Gold,  Burnished,  that  smoothed  or  polished  with  a  burnisher. 

Gold,  niosaic,  that  applied  in  pannels  on  proper  ground, 
distributed  into  squares,  lozenges,  and  other  compartments, 
part  whereof  is  shadowed,  to  heighten  or  raise  the  rest. 

Gold,  Shell,  that  used  by  the  illnininers,  for  writing  gold 
letters.  It  is  made  of  leaf-gold,  reduced  into  an  impalpable 
ponder,  by  grinding  on  a  marble  with  honey.  After  leaving 
it  to  infuse  some  time  in  aquaforti-i,  they  put  it  in  shells,  where 
it  sticks.  To  use  it,  they  dilute  it  with  gum-water,  or  soap- 
water. 

Gold,  Pure,  that  purged  by  fire  of  all  its  impurilies,  and  all 
alloy.  The  moderns  frequently  call  it  gold  of  24  carats.  Gold 
of  22  carats  has  one  part  of  silver,  and  another  of  copper; 
that  of  2.3  carats  has  half  a  part  (that  is,  half  a  twenty-fourth) 
of  each. 

GOLDEN  Number,  in  Chronology,  a  number  shewing  what 
year  of  the  Metonic,  or  lunar  C)  cle,  any  given  year  is.  To  find 
the  golden  number,  add  1  to  the  given  year,  and  divide  the 
sum  by  19;  what  remains  will  be  the  golden  number;  unless 0 
remain,  for  then  19  is  the  golden  number.  The  discovery  of 
the  Metonic  cycle  exhibited  such  extensive  astronomical  know- 
ledge, that  it  obtained  great  success  and  reputation  in  Greece, 
insonuich  that  the  order  of  the  period  was  engraved  in  letters 
of  gold  ;  whence  it  acquired  the  n?ivae  o(  galden  number. 


Golden  Uule,  the  name  usually  given  by  arithmeticians  to 
the  Rule  of  Proportion,  or  Rule  of  Three,  on  account  of  its 
extensive  usefulness. 

GOLDS.MITH,  or  Silversmith,  an  artist  who  makes  ves- 
sels, utensils,  and  ornaments,  in  gold  and  silver.  The  work  is 
either  performed  in  the  mould,  or  beat  out  with  the  hammer, 
or  other  engine.  All  works  that  have  raised  figures  are  cast  in 
a  mould,  and  afterwards  polished  and  finished:  plates,  or 
dishes,  of  silver  or  gtdd,  are  heat  out  from  thin  Hat  plates,  and 
tankards  and  other  vessels  of  that  kind  arc  formed  of  plates, 
soldered  together,  and  their  mouldings  are  beat,  not  cast.  The 
goldsmith  is  to  make  his  own  moulds,  and  for  that  reason 
ought  to  be  a  good  designer,  and  have  a  taste  in  sculpture  :  he 
also  ought  to  know  enouijh  of  metallurgy  to  be  able  to  assay 
mixed  metals  and  to  mix  the  alloy. 

GONDOLA,  a  sort  of  barge,  curiously  ornamented,  and 
navigated  on  the  canals  of  Venice.  The  middle-sized  gon- 
dolas are  upwards  of  thirty  feet  long,  and  four  broad  ;  they 
always  terminate  at  each  end  in  a  very  sharp  point,  which  is 
raised  perpendicularly  to  the  full  height  of  a  man. 

GONG,  in  Music,  a  Chinese  instrument  made  of  an  alloy  of 
twenty  parts  tin  and  seventy-eight  copper,  which  is  brittle,  and 
malleable  when  it  is  tempered,  and  can  accordingly  be  wrought 
easily  ;  but  it  becomes  hard,  elastic,  and  brittle,  when  it  is 
allowed  to  cool  in  the  open  air.  It  is  made  in  the  first  of  those 
states,  and  is  afterwards  rendered  elastic  and  hard.  If  struck 
with  a  hard  body  it  would  break  ;  but  if  struck  with  a  piece  of 
leather,  the  sound  is  at  first  very  small,  but  by  vibration  it  is 
communicated  to  the  rest  of  the  mass,  and  becomes  a  very 
loud  and  terrible  noise. 

GONIOMETER,  an  instrument  for  measuring  angles  of 
crystals,  S;c.  The  simplest  of  these  is  a  semicircular  scale  of 
degrees  A  A,  and  a  small  pair  of  nippers  B  11  B  B  destined  to 
receive  the  crystal,  or  other  body  of  which  the  angle  is  to  be 
measured.  The  centre  is  made  moveable,  so  as  to  permit  the 
legs  B  B  and  B  C  B  to  be  lengthened  or  shortened  by  means  of 


the  perforation.  The  crystal  to  be  measured  is  applied  be- 
tween the  compasses,  which  being  thus  set,  are  applied  to  the 
semicircular  scale,  and  the  value  of  the  angle  may  be  read  off 
at  its  edge.     Hence  in  the  figure  it  is  set  at  30°. 

GONIOMETRy,  is  a  method  of  measuring  angles  with  a 
pair  of  compasses,  and  that  without  any  scale  whatever,  except 
a  semicircle. 

GONIUM,  in  Natural  History,  agennsofthe  vermes  infu- 
soria, a  worm  very  .simple,  fl.it,  angular,  and  invisible  to  the 
naked  eye.  There  are  five  species,  of  which  G.  pectorale  is 
found  in  pure  water;  molecules  oval,  nearly  equal  in  size,  set 
in  a  quadrangular  membrane  like  diamonds  in  a  ring,  the  lower 
ones  larger  than  the  rest. 

GOOD  Behaviour,  in  Law.  Surety  for  good  behaviour,  is 
the  bail  for  any  person's  good  conduct  for  a  certain  time  ;  as 
surety  for  the  peace  is  a  recognizance  taken  by  a  competent 
judge  of  record  for  keeping  the  king's  peace.  .Justices  of  the 
peace  may  also  bind  persons  of  evil  fame  to  their  good 
behaviours. 

GOOGINGS,  certain  clamps  of  iron  or  other  metal,  bolted 
on  the  stern-post  of  a  ship,  whereon  to  hang  the  rudder,  for 
which  purpose  there  is  a  hole  in  each  of  them  to  receive  a  cor- 
respondent spindle,  bolted  on  the  back  of  the  rudder,  which 


COS 


DICTIONARY    OF    MECHANICAL   SCIENCE. 


COS 


405 


turns  thereby  as  upon  liingcs.  Tlicre  are  generally  four,  five, 
or  six  pooftinss  on  a  ship's  stern-posts  and  rudder,  according 
lo  her  size,  and  upon  these  the  rudder  is  supported,  and  tra- 
■*i.Tses  from  side  to  side  as  upon  an  axis.    See  the  article  Hi;lm. 

GOOSEBERRIES.  For  culinary  purposes  gooseberries  are 
generally  employed  before  they  arc  ripe;  but  this  is  founded 
on  erroneous  notions  of  their  chemical  properties,  since,  either 
for  sauces  or  wine,  though  they  arc  more  cool  and  refreshing, 
they  do  not  possess  the  delicate  llavour  and  rich  saccharine 
qualities  which  are  inherent  in  the  ripe  fruit.  Wine  made  of 
gooseberries  lias  great  resemblance  to  Clianipaigne.  In  the 
making  of  wine,  after  the  juice  has  been  expressed,  it  is  cus- 
tomary to  throw  away  the  shins  of  the  fruit.  These,  however, 
may  with  advantage  be  employed  in  distillation,  as  they  adord 
an  agreeable  spirit  somewhat  resembling  brandy.  When  kept 
a  few  months,  this  spirit  is  said  to  be  little  inferior,  either  in 
strength  or  flavour,  to  the  best  Cogniac  brandy.  Vinegar  may 
be  made  from  gooseberries.  Some  of  the  kinds  are  bottle<l 
while  green,  and  kept  for  winter  use ;  and  others  are,  for  the 
sajne  purpose,  preserved  with  sugar.  Gooseberries  vary  much 
in  colour,  size,  and  cpiality.  Some  are  smooth,  and  others 
hairy.  Some  arc  red,  others  green,  and  others  yellow  or 
amber  coloured.  Wild  gooseberries  are  greatly  inferior  in  size 
to  those  which  are  cultivated  in  gardens. 

GOOSENiXK,  a  sort  of  iron  hook  litted  on  the  inner  end 
of  a  boom,  and  introduced  into  a  clamp  of  iron  or  eye-bolt, 
which  encircles  the  mast,  or  is  fitted  to  some  other  place  in  the 
ship,  so  that  it  may  be  unhooked  at  pleasure. 

Goose  Winysof  a  Sail,  the  clues  or  lower  corners  of  a  ship's 
main-sail  or  fore-sail,  when  the  middle  part  is  furhd  or  lied  up 
to  the  yard.  The  goose  wings  are  only  used  in  a  storm,  to  scud 
before  the  wind,  when  the  sail,  even  diuiinislied  by  a  reef, 
would  be  too  great  a  press  on  the  ship  in  that  situation. 

GORDIUS,  Hair  Worm,  a  genus  of  the  vermes  intcstina 
class  and  order.  There  are  five  species.  G.  aquaticus  is  from 
four  to  six  inches  long,  of  a  pale  brown  colour,  and  darker  at 
vhe  extremities:  it  is  found  in  stagnant  waters,  and  twists 
itself  into  various  contortions  and  knots;  if  handled  witliout 
caution,  it  will  inflict  a  bite  that  occasions  the  whitlow. 

GORING,  or  Goking-Ci.oth,  that  part  of  the  skirts  of  a 
sail  where  it  gradually  widens  from  the  upper  part  or  head, 
towards  the  bottom  or  foot;  the  goring-cloths  are,  therefore, 
those  which  are  cut  obliquely  and  added  to  the  breadth.  See 
the  article  Sail. 

GOSS.VMER,  the  name  of  a  fine  filmy  substance,  like  cob- 
web, seen  to  Hoat  in  the  air  in  clear  days  in  autumn,  is  probably 
formed  by  the  (Ijing  spider,  which  in  traversing  the  air  for 
food,  shoots  nut  these  threads  from  its  anus,  which  are  borne 
down  by  the  dew,  &c. 

GOSSYPIUM,  or  Cotton,  a  genus  of  tlie  polynodria  order, 
in  the  monadelphia  class  of  plants,  and  in  the  natural  order  of 
columnifer;e.  See  page  198  for  a  description  of  Cotton.  In 
warm  countries  cotton  plants  are  cultivated  in  great  quantities 
in  the  fields,  for  the  sake  of  the  cotton  they  produce;  but  the 
first  species  is  most  generally  cultivated.  The  pods  are  some- 
times as  large  as  middling-sized  apples,  closely  filled  with  the 
seed  surrounding  the  cotton. 

It  is  impossible  to  ascertain  with  precision  the  actual  amount 
of  any  of  the  great  manufactures  of  the  kingdom  ;  but  of  cot- 
ton it  may  be  safely  asserted,  that  the  value  is  from  thirty  to 
forty  millions  of  pounds  sterling  per  annum.  The  average 
annual  amount  of  (H)lton-wool  imported  during  the  last  seven 
years  was  145,0(10,000  lbs.,  from  which  deduct  1,0  millions  for 
exports,  and  10  millions  for  cotton-wool  used  at  home  in  an 
unmanufactured  state,  1'20  millions  remain.  Taking  the  price 
of  this  wool  at  Is.  per  lb.,  and  the  increase  of  value  by  manu- 
facture at  five  times  the  cost  of  the  raw  material,  the  amount 
will  stand  thus:  — 
1 '20,000,000  lb.  of  cotton  at  Is.  per  lb.  £6,000,000 

Increased  value  bv  manufacture 30,000,000 

Gross  amount £36,000,000 

Average  value  of  cotton  manufactures  exported. .     1C,6()0,379 


Home  consumption £I9.13!),621 

This  result  is  not  very  dissimilar  to  the  statement  made  by 
the  pre^iidenl  of  the  Board  of  Trade  in  tlie  House  of  Commons, 


on  tlie  8th  of  March,  1824,  that  the  annual  value  of  cotton 
goods  manufactured  had  risen  to  the  incredible  amount  of 
£.33,337,000. 

Every  part  of  the  cotton  trade,  from  the  importation  of  the 
raw  material  to  its  completion  by  the  weaver,  the  bleacher,  the 
dyer,  and  the  calico  printer,  is  carried  on  in  L:incashire.  but 
the  branch  for  which  Manchester  is  chiclly  distinguished  is 
the  spinning.  In  this  department  of  the  trade  there  are  at  pre- 
sent (August,  182j.)  104  spinning  factories  in  the  townships  of 
Manchester,  Chorlton-row,  Ardwick,  Salford,  Pendleton,  and 
Hulme,  worked  by  110  steam-engines,  of  the  aggregate  power 
of  3698  horses.  In  the  year  1787,  the  number  of  spinning 
factories  in  the  county  of  Lancaster  amounted  only  to  42,  and 
those  Here  in  general  of  a  magnitude  very  inferior  to  the  mills 
which  at  present  exist  in  this  place. 

From  a  calculation  made  in  1817,  it  appears,  that  the  num- 
ber of  persons  then  employed  in  the  spinning  of  cotton  in  this 
country  was  110,708  ;  that  the  aid  they  derived  from  steam  was 
equal  to  the  power  of  20,768  horses;  and  that  the  number  of 
spindles  in  motion  was  6,615,833.  By  this  immense  process 
3,987,>500,000  hanks  of  cotton  yarn  were  produced  yearly,  taking 
the  average  at  40  lianks  to  the  pound  ;  and  the  quantity  of  coal 
consumed  in  their  production  is  slated  at  5000  tons. 

Raw  cotton  converted  into  yarn  in  the 
United  Kingdom  in  1817 110,000,0001b. 

Loss  in    spinning   estimated  at  IJoz. 

per  pound 10,312,500 

Quantity  of  yarn  produced,  .. 99,C87,500lb. 

Number  of  hanks,  taking  the  average  at  40 

per  lb 3,937,500,000  lb. 

Number  of  spindles  employed,  each  spindle 
being  suppo.sed  to  produce  two  hanks  per 
day,  at  300  working  days  in  the  year,  ....  6,64.5,833 

Number  of  persons  employed  in  spinning, 
supposing  each  to  produce  120  hanks  per 
day 110,763 

Horse  power  employed,  equal  in  number  to  20,768 

Four  ounces  and  a  half  of  coal  estimated  to  produce  one  hank 
of  No.  40;  and  ISO  lb.  of  coal  per  day,  equal  to  one-horse 
power. 

The  increase  of  manufactures  since  1817  has  been  consider- 
able, certainly  not  less  than  20  per  cent,  as  will  appear  from 
the  increased  average  annual  quantity  of  cotton  wool  imported. 

The  number  of  men  employed  in  1825,  in  one  branch  of  the 
cotton  manufacture  in  Great  Britain,  ri;.  in  cotton  twist 
spinning,  amounts  to  250,000,  and  these  men,  aided  by  the 
power  of  water  and  .^team,  as  first  movers  to  machinery,  spin 
as  much  thread  as  could  have  been  spun  before  the  introduc- 
tion of  such  machinery  by  the  bands  of  24  millions  of  men  ;  and 
this  calculation  respecting  the  pow  er  of  machinery  is  supported 
by  a  fact  otherwise  inexplicable;  namely,  that  cotton  wool 
grown  in  Hindoostan,  is  imported  into  Britain,  where  it  is 
manufactured,  and  afterwards  returned  to  Hindoostan,  and 
sold  there  at  prices  ruinous  to  the  Indian  manufacturer, 
although  bis  workmen  arc  contented  with  the  slender  wages  of 
two-pence  a  day  ! 

About  four-fifths  of  the  wliole  amount  of  the  cotton  trade  of 
the  kingdom  centres  in  the  county  of  Lancaster;  and  it  is 
calculated  that  the  capital  employed  in  Lancashire  in  this  trade 
alone,  in  buildings  and  machinery,  ruiounts  to  I'S.OOO.CtK). 
Steam,  it  has  been  already  observed,  is  now  applied  tu  a  con- 
siderable extent  in  tlve  weaving  as  well  as  in  the  spinning  ;  and 
we  have  ascertained,  that  there  arc  at  present  (July  1825)  in 
the  parish  of  Manchester  alone,  upw  ards  of  20,000  steam  looms 
in  motion.  In  Mr.  Guest's  book  on  "  The  Cotton  Manufac- 
tures, '  the  number  of  steam  or  power  looms  in  Great  Britain 
were  estimated  at  10,000;  that  estimate  was  even  too  low,  and 
the  probability  is,  that  there  are  now  in  England  and  Scotland 
not  fewer  than  40,000  power  looms  employed  in  the  weaving  of 
cotton  alone,  8000  of  which  are  in  Si'otland. 

GOTHIC  Style,  in  .Vrchitecture.  The  characteristics  of 
this  manner  of  building  are  pointed  arches,  greater  height 
than  breadth  in  the  proportions,  and  profuse  ornament,  chiefly 
derived  from  an  imitation  of  the  leaves  and  flowers  of  plants. 
See  AiiCniTucTURE. 
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GOUGE,  an  instrument  or  tool  used  by  divers  artificers, 
beinj:^  a  sort  of  round  liollow  chisel  for  cutting  holes,  &c.  either 
in  wood  or  stone. 

GOUGING,  is  the  name  g;iven  to  a  barbarous  practice  in  the 
soiitliern  states  of  North  America,  where  two  men  ii^ht,  and 
endeavour  with  their  thumbs  to  scoop  out  each  other's  eyes. 

GOVERNMENT,  in  fjeneral,  is  the  polity  of  a  slate,  or  an 
orderly  power  constituted  for  the  public  good.  Ciiil  f^overn- 
nient  was  instituted  for  the  preservation  and  a<lvaiK;emcnt  of 
men's  civil  interests,  and  for  the  better  security  of  their  lives, 
liberties,  and  properties.  The  various  forms  of  ftovernment 
may  be  reduced  to  one  of  these  heads  ;  either  the  civil  autho- 
rity is  delegated  to  one  or  more,  or  else  it  is  still  reserved  to 
the  whole  body  of  the  people  ;  whence  arises  the  distinction  of 
government  into  monarchy,  aristocracy,  and  democracy.  A 
mixed  a:overnuient  is  composed  by  the  combination  of  the 
simple  forms.  The  government  of  this  country  is  a  mixed 
government,  being  formed  by  a  combination  of  the  three  regu- 
lar species  :  the  monarchy  residing  in  the  king,  the  aristocracy 
in  the  house  of  peers,  and  the  republic  being  represented  by 
the  house  of  commons,  so  as  to  unite  the  advantages  and  ex- 
clude the  inconveniences  of  the  several  simple  forms.  The 
executive  power  of  the  laws  being  lodged  in  a  single  person, 
they  liave  all  the  advantages  of  strength  and  despatch  that  are 
to  be  found  in  tlie  most  absolute  monarchy,  and  the  legislature 
of  the  kingdom  being  intrusted  to  three  distinct  powers, 
entirely  independent  of  each  other,  and  actuated  by  di Herein 
springs,  and  attentive  to  dillerent  interests,  there  can  be  no 
inconvenience  attempted  by  either,  but  will  be  understood  by 
one  of  the  otiiei  two. 

GOVERNOR,  a  contrivance  for  equalizing  the  motion  of 
mills  and  machinery.  When  any  part  of  the  machinery  of  a 
mill  is  suddenly  slopped,  or  suddenly  set  going,  and  the  mov- 
ing power  remains  the  same,  an  alteration  in  the  velocity  of 
the  mill  will  take  place  ;  and  it  will  move  faster  or  slower. 
Every  machine  having  a  certain  velocity  at  which  it  will  work 
to  more  advanlage  than  at  any  oilier,  the  change  of  velocity 
arising  from  the  foregoing  cause,  is  in  all  cases  a  disadvantage, 
and  in  delicate  operations  exceedingly  hurtful.  In  a  cotton- 
mill,  for  instance,  which  is  calculated  to  move  the  spindles  at  a 
certain  rate,  if  from  any  cause  the  velocity  is  increased,  a  loss 
of  work  immediately  takes  place,  and  an  increase  of  waste 
from  the  breaking  of  threads,  &c. ;  on  the  other  hand,  there 
must  be  an  evident  loss  from  the  machinery  moving  slower 
than  is  necessary. 

In  steam-engines  this  evil  is  remedied  by  a  contrivance 
called  a  Governor,  (see  the  Plate,  fig.  1.)  Two  balls  are  fixed 
to  the  ends  of  rods,  in  continual  revidution,  and  as  soon  as  the 
motion  becomes  a  little  too  rapid,  the  balls  rise  considerably, 
and,  by  the  intervention  of  a  lever,  act  upon  a  tlirottle-valve, 
which  diminishes  the  quantity  of  steam  admitted,  and  of  course 
serves  to  make  the  motion  less  rapid. 

The  Sle<ime»f/ine  Governor. — I  K,  fig.  1,  represents  a  spin- 
dle kept  in  motion  by  the  engine;  A,  15,  the  centrifugal  balls; 
C  A,  and  C  B,  the  rods  which  suspend  the  balls.  These  rods 
cross  one  another,  and  pass  through  the  spindle  at  C,  where 
the  whole  are  connected  by  a  round  pin  put  through  the  spin- 
dle and  the  rods  at  C,  which  serves  as  the  point  of  suspension 
for  the  centrifugal  balls  or  revolving  pendulum.  A  part  of  the 
spindle  above  C,  is  sipiare,  and  nicely  polished,  so  that  the 
piece  of  brass,  M,  may  slide  easily  upon  it.  The  piece  of  brass 
M  is  round  on  the  outside,  and  has  an  external  groove  turned 
upon  Ihe  upper  end  of  il  to  receive  the  lever  N  O,  whose  ful- 
crinn  is  at  P.  This  piece  of  brass  is  connected  with  the  ball- 
rods  by  two  short  pieces  and  joints  D  E,  F  G.  The  construction 
of  steam-engine  governors  sometimes  difiers  a  little  from  that 
now  described  ;  hut  if  this  construction  be  understood,  there 
will  be  no  difficulty  in  comprehending  any  other. 

Operation. — When  the  engine  goes  too  fast,  the  balls  fly  off 
from  the  spindle,  and  depress  the  end,  N,  of  the  lever,  which 
partly  sliuls  the  throttle-valve,  and  diminishes  the  quantity  of 
steam  adnutted  into  the  cylinder;  and,  on  the  other  hand, 
when  the  cu;:inc  goes  too  slow  the  balls  (all  down  toward  the 
spindle,  and  elevate  the  end  N  of  the  lever,  which  partly 
opens  Ihe  throltlc-valve.  and  increases  the  quantity  of  steam 
admitted  into  the  cylinder. 


Governor  for  a  Wind-milL — In  a  wind-mill,  when  the  velocity 
is  increased  by  the  irregular  acliou  of  the  wind,  the  corn  is 
sometimes  forced  rapidly  through  the  mill  without  being  suffi- 
ciently ground.  There  is  a  contrivance  for  preventing  this, 
(similar  to  the  governor  of  a  steam-engine,  but  which  was 
much  earlier  in  use,)  and  called  in  some  parts  of  England  a  'lift' 
tenter.  By  means  of  the  centrifugal  force  of  one  or  more  balls, 
which  fly  out  as  soon  as  the  velocity  is  augmented,  and  allow  a 
lever  to  rise  with  them,  the  upper  mill-slonc  is  made  to 
descend,  and  bring  it  a  little  nearer  to  the  lower  one.  This 
machine,  says  Dr.  Gregory,  is  curious,  and  might  perhaps  iit 
other  cases  be  usefully  applied.  We  shall,  therefore,  describe 
two  constructions  on  the  same  principles. 

First  Construetinii  of  Lift-tenters  for  Wind-mills. — This  ma- 
chine, and  part  of  the  slone-spindle  and  framing  with  which  it 
is  connected,  are  represented  in  the  Plate,  fig.  3.  To  the 
stone-spindle  there  are  fixed  four  arms  A,A,  A,  A;  and  there 
are  four  similar  arms  B,  B,B,  B,  firmly  attached  to  the  hollow 
cylinder  C,  which  is  loose  on  the  spindle  F  G.  The  pendulums 
D,  D,  D,  D,  are  hung  above,  to  Ihe  arms  A,  A,  A,  A,  and  through 
holes  toward  their  lower  extremities  pass  the  anus  of  the  loose 
cylinder.  When  the  mill  is  at  rest,  the  pendulums  bang  ver- 
tically ;  but,  by  their  centrifugal  force,  when  the  mill  is  in 
motion  they  hang  obliquely  ;  and  that  oldiquity  is  increased  in 
proportion  to  Ihe  velocity,  and  proportionately  raises  the  looso 
cylinder  C.  This  cylinder  C  acts  on  the  one  end  of  the  lever  E, 
which  has  a  connexion  with  the  clove  upon  which  the  bridge 
of  the  stone-spindle  rests,  and  accordingly  raises  or  depresses 
the  upper  mill-stone  in  proportion  as  the  wind  blows  weak  or 
strong. 

Second  Construction. — Another  modification  of  the  same  prin- 
ciple (applied  above  the  milt-stones,)  but  having  one  pendulum 
only,  is  represented  by  fig.  4,  aiul  will  be  easily  understood 
from  what  has  been  said  respecting  the  first  construction  of  the 
old  lift-tenters. 

Wiiter-irlieel  Governors. — Governors  are  sometimes  applied 
to  water-wheels,  and  made  on  various  constructions.  Smiths' 
bellows  have  been  applied  to  that  use,  the  upper  board  rising 
or  falling  in  proportion  to  the  velocity  of  the  lower  board, 
which  received  its  motion  from  the  mill.  But  we  shall  describe 
a  construction  which  has  for  several  years  been  at  work  in 
Cartside  cotton-mill,  erected  under  the  direction  of  the  late 
Robert  Burns,  Esq. 

First  Construction. — The  principles  of  this  water-wheel 
governor  are  nearly  the  same  as  those  of  the  steam-engine 
governor.  It  has  a  revolving  pendulum  which  receives  its 
motion  from  the  mill,  and  in  proportion  as  the  machinery 
moves  faster  or  slower,  the  centrilugal  force  acts  upon  the 
governor,  and  raises  or  depresses  an  iron  cross,  which,  acting 
on  a  lever,  reverses  the  motion  by  the  wheel-work,  which  ope- 
rates upon  a  sluice  so  as  to  enlarge  or  lessen  the  passage  of 
the  water  to  the  water-wheel ;  this  sluice  is  made  on  the  prin- 
ciples of  the  throttle-rahe,  that  it  may  be  moved  by  a  small 
power.  .So  long  as  the  machinery  is  moving  at  a  proper  velo- 
city, this  wheel-work  of  tlie  sluice  apparatus  remains  at  rest. 
Fig.  5,  represents  difi'erent  views  of  this  machine,  and  some  of 
its  parts  detached.  The  same  letter  in  all  the  figures  refers  lo 
the  same  part.  The  revolving  pendulum  EFG  H,  receives  its 
motion  from  the  mill-work  by  means  of  a  rope  giving  motion  to 
a  pulley  I.  The  upright  shaft  M  N.  is  kept  in  constant  motion 
by  the  wheel- work  O  P  R  S.  The  wheel  N  acls  constantly  into 
the  two  bevelled  wheels  T  and  U,  and  makes  them  move  in 
contrary  directions.  They  arc  loose  on  the  shaft  when  the 
mill  is  going  at  its  proper  speed.  But  if  the  null  moves  either 
too  fast  or  too  slow,  the  one  of  these  wheels,  by  means  of  a 
clutch  Q,  in  a  way  to  be  descrihed,  is  connected  with,  and 
carries  round,  the  lying  shaft  DC,  and,  by  a  pair  of  bevelled 
wheels,  comuiunicates  nuitiou  to  Ihe  obli(pie  shaft  B  W;  which 
again,  by  a  screw  X,  and  quadrant-wheel  Y,  moves  the  sluice 
Z,  and,  by  making  it  sland  more  or  less  oblique,  alters  the  area 
of  the  i)assagc  for  the  water. 

From  inspe('ting  fig.  .5,  No.  1,  it  will  appear  evident  that  the 
box  a,  will  he  raised,  or  depressed,  in  pioporlion  as  the  balls 
E  and  F,  of  the  revolving  pendulum  EFG  II,  are  rtmoved  fur- 
ther or  brought  nearer  to  the  centre  of  motion;  for  when 
the  velocity  is  greatest,  the  balls  E  and   F,  by  their  centri- 
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fu^al  force,  uill  oxtcnd  themselves  furthest  from  the  centre  of 
motion,  and  raise  tlic  hox  a.  See  also  fig.  5,  No.  2,  No.  3,  and 
No.  4.  To  the  liox  «,  i.s  fixed  a  cross  be.  There  is  a  forked 
lever  dqe,  the  fulcrcjm  of  which  is  at/,  and  which  turns  hori- 
zontally. This  forked  lever  has  four  prongs,  1,  2,  3,  4,  repre- 
sented distinctly  in  No.  Z.  When  the  mill  is  at  its  proper 
speed,  the  cross  works  within  the  prongs  1  and  2;  in  this  sim- 
ation  of  the  forked  lever,  the  clutch  Q  is  disengaged  from 
both  the  wheels  T  and  U,  and  they  move  on  their  bushes  with- 
out carrying  round  the  lying  shaft.  See  No.  2.  The  clutch  is 
made  to  slide  on  a  part  of  the  shaft  which  is  square.  When 
the  mill  moves  too  quick,  the  cross  gland  is  raised,  and,  in 
turning  round,  hits  the  prong  3,  which  immediately  causes  the 
lever  to  throw  the  clutch  into  the  arms  of  the  wheel  U.  This 
wheel  then  carries  the  chilcli  and  shaft  round  with  it,  and  hy 
the  means  already  described,  acts  on  the  sluice,  and  by  lessen- 
ing the  quantity  of  water  falling  on  the  wheel,  diminishes  its 
velocity.  On  the  other  hand,  when  the  mill  goes  too  slow,  the 
cross  is  depressed,  and,  striking  the  prong  4,  reverses  the 
motion  of  the  shaft,  and  so  produces  a  contrary  elfect  on  the 
sluice.  Moreover,  the  train  of  wheel-work  is  so  calculated  as 
very  much  to  reduce  the  motion  at  the  sluice,  and  this  is  found 
from  experience  to  be  necessary.  Were  the  area  of  the  aper- 
ture too  suddenly  changed,  the  eftVct  on  the  water-wheel  would 
be  too  violent.  Every  time  the  mill  is  stopped,  it  is  proper  to 
lift  the  wheel  R  out  of  gear.  The  centre  on  which  the  sluice 
turns  should  be  one-third  of  its  height  from  the  bottom,  in 
order  that  the  pressure  of  the  water  above  the  centre  may 
balance  that  below.  At  m  there  is  an  upright  shaft,  which  is 
worked  by  hand  when  required. 

Second  C'oiistruvtion  of  t lie  Water-u/icpl  Governor. — Fig.  6,  re- 
presents a  sluice  regulator  as  executeil  in  some  parts  of  Eng- 
land. It  dill'crs  little  from  that  already  described,  only  that 
the  lying-shaft  A  H  receives  its  motion  immediately  from  the 
mill,  instead  of  from  the  axle  of  the  revolving  pendulum,  as  in 
the  first  construction.  From  having  so  minutely  described  that 
construction,  the  attentive  reader  will  liiid  no  difficulty  in  com- 
prehending fig.  6,  from  inspecting  the  Plate.  See  liuehanau's 
Essnys  on  Mill  Work. 

GRACE,  in  Music,  either  in  vocal  or  instrumental  per- 
formances, consists  in  giving  due  place  to  the  decorative  addi- 
tions, and  that  easy,  smooth,  and  natural  expression  of  the 
passages  which  best  conveys  the  beauties  of  the  composition. 

Grace,  Dajis  of,  three  days  immediately  following  the  time 
of  payment  of  a  bill,  within  which  the  creditor  must  protest  if 
payment  is  not  obtained,  in  order  to  entitle  him  to  recover  the 
amount  hy  legal  proceedings  against  the  drawer,  acceptor, 
and  indorser — one  or  all. 

GRACULA,  the  Grukle,  a  genus  of  birds  of  the  order  pica;. 
There  are  13  species,  of  which  we  shall  notice  the  following: 
G.  kelegiosa,  or  the  minor  grakle,  is  of  the  size  of  the  black- 
bird, is  found  in  the  East  Indies,  is  rendered  familiar  with  the 
greatest  ease,  and  taught  to  speak  with  greater  facility  than 
even  the  parrot,  and  also  enounces  its  words  with  more  dis- 
tinctness. It  feeds  on  berries  and  fruits,  and  is  particularly 
partial  to  cherries.  The  paradisa-a  trislis  is  rather  largei  than 
the  foriner,  and  inhabits  the  Philippine  islands.  It  is  exceed- 
ingly voracious,  and  has  been  known  to  swallow  a  young  rat 
nearly  two  inches  long,  after  beating  it  against  the  wires  of  its 
cage  to  soften  it. 

GRADUATE,  one  who  has  taken  a  degree  in  an  university. 

GRADUATION,  in  Mathcnialics,  the  act  of  graduating  or 
dividing  any  thing  into  degrees  or  equal  parts. 

GRAFTINCi,  in  (Jardcnitig,  inserting  a  scion  or  shoot  of  a 
tree  into  another,  so  as  to  make  it  yield  fruit  of  the  same  nature 
with  that  of  the  tree  from  which  the  graft  was  taken.  The  ope- 
ration is  performed  in  the  following  manner:  cut  olT  the  head 
of  the  stock  at  the  proper  height,  and  in  a  fair  part  of  the  bark, 
making  a  smooth  flat  top.  The  most  proper  size  for  stocks  is 
from  half  an  inch  to  an  inch  in  diameter.  Dwarf  trees  are  to 
be  grafted  within  six  inches  of  the  ground,  and  standards  as 
high  as  the  stock  will  hear,  considering  whether  tl.cy  are  to 
be  half  or  full  standards.  The  scions  should  be  healthy  and 
strong,  and  taken  from  the  outsides  of  fruitfid  trees,  where  the 
juices  of  the  wood  have  been  properly  digested  hy  sun  and  air; 
they  should  be  taken  from  trees  just  in  their  prime,  or  at  full 


hearing,  and  not  before.  Let  them  be  cut  two  or  three  weeks 
sooner  than  wanted.  The  middle  of  scions  is  fittest  for  the 
purpose  ;  but  do  not  cut  off  the  tops  till  they  arc  brought  out 
to  graft,  for  they  keep  best  in  length.  Take  oil  a  little  of  the 
lower  end  of  the  scion  first,  and  then  cut  it  in  length  so  qs  to 
have  three  or  four  eyes  to  appear  above  the  claying.  The  time 
for  gi ailing  is  usually  from  mid-February  to  mid-March  ;  but 
in  ii  forward  season  sooner,  and  in  a  backward  one  sometimes 
later. 

t'left-firnfting  has  been  the  most  common  method.  The 
stocks  for  this  mode  should  be  strong,  about  three-quarters 
of  an  inch  <liameter,  or  more;  but  it  may  be  used  witVi  very 
young  stocks,  ha\ing  scions  of  like  thickness.  Cut  off  the 
head,  so  as  to  have  (on  the  sunny  side)  a  smooth  part  in  the 
stock,  where  the  scion  is  to  be  placed,  and  cutting  a  part  of 
the  stock  off  slopewise,  opposite  to  this  place,  leave  the  top  or 
the  crown  of  the  stock  about  half  an  inch  wide.  Then  cleave 
the  stock  with  a  strong  knife,  or  thin  sharp  chisel,  about  two 
inches  deep,  as  near  the  middle  as  possible,  so  as  not  to  divide 
the  pith,  and  if  any  roughness  appears  in  the  slit,  smooth  it  ofT 
with  a  penknife;  but  something  of  the  wedge  kind  must  be  put 
into  the  slit  to  keep  it  open  to  receive  the  scion,  Iraving  pro- 
per room  to  put  it  in.  Cut  the  scion  on  each  side  to  the  form 
of  a  wedge  at  bottom,  an  inch  or  more  long,  making  that  side 
which  is  to  be  placed  inwards  in  the  stock,  thinner  by  about 
one-third.  Put  the  scion  in,  so  that  its  bark  and  that  of  the 
stock  may  be  level ;  and,  consequently,  that  the  two  barks 
may  unite  and  run  into  each  other;  for  on  this  one  principle 
depends  the  whole  art  of  grafting.  The  graft  must  be  nicely 
whipped  round  with  wet  bass  pulled  tight,  and  the  whole 
clayed  over  to  an  inch  above,  and  half  an  inch  below,  smooth- 
ing it  oil  taper  with  a  trowel  or  knife  dipped  in  water. 

Wliipyrnfdnr/  has  the  advantage  of  cleft-grafting  in  neat- 
ness, and  not  requiring  the  stocks  to  be  so  old  by  a  year  or 
two,  as  very  small  ones  will  do;  for  the  stock  is  directly 
covered  by  the  scion,  and  it  takes  with  certainly  if  properly 
performed.  Having  cut  the  head  of  the  stock  ofi',  and  the 
scion  to  its  proper  length,  slope  the  lower  end  of  the  scion 
about  an  inch  and  a  half,  and  to  a  pnint:  then  cut  the  stock  to 
answer  it,  bark  against  bark,  and  tie  them  togctlicr  exactly  to 
their  place,  and  clay  it. 

Grafting  in  the  bark,  or  crnu-n-ijraflinp,  is  a  good  w  ay  both 
for  case  of  operation  and  certainty  of  success;  but  it  will 
hardly  suit  any  other  fruit  than  apples  or  pears.  The  head 
being  cut  oil',  make  a  straight  slit  down  and  through  the  bark 
from  the  top,  at  the  place  destined  for  the  graft,  nearly  as  long 
as  the  slope  cut  olT  the  scion,  which  may  be  one  and  a  half  or 
two  inches.  Loosen  the  bark  a  little  at  the  lop  of  the  score, 
and  then  with  some  smooth  instrument  of  dry  Iiard  wood, 
ivory,  bone,  or  silver,  rather  than  iron  or  steel,  open  the  bark 
snlliciently  to  receive  the  scion.  Tlii'i  instrument  should  be 
thin,  tapered,  and  rounded  towards  the  point,  to  suit  the  shape 
of  the  scion's  face;  one  side  of  it  flat,  and  the  other  a  little 
convex,  the  Hat  side  being  applied  to  the  wood  of  the  stock; 
let  it  be  rather  narrower  than  the  scion,  that  it  may  not  loosen 
the  bnrk  too  wide.  Cut  a  bit  of  the  bark  of  the  scion  smooth 
off  at  the  bottom,  that  it  may  not  turn  up  in  pushing  dow  n.  It 
will  be  proper  to  cut  the  scion  with  a  small  shoulder,  to  rest 
upon  the  slock,  score  the  bark  on  each  side  the  scion,  so  that 
it  may  fall  close  to  the  slock,  and  to  the  edges  of  the  scion. 
Hind  and  clay.  This  way  of  grafting  is  used  most  proj)erly  with 
strong  slocks  ;  and  sometimes  is  applied  to  large  branches, 
and  even  trunks  of  old  trees,  to  change  the  sorts  or  renew  the 
w  ood . 

SIdi-f/r'if/inri  is  done  in  the  bnrk,  much  like  inoculation  a 
scion  being  inserted  instead  of  a  bu<l  ;  but  there  must  be  a 
fluent  sap  first,  i.e.  the  bark  must  part  readily  from  the  wood 
before  this  mode  of  grafting  is  nttcmpteil.  The  head  of  the 
stock  is  not  to  be  cut  olV,  only  thinned  a  little  if  it  is  too  Isrge 
and  the  side  shoots  taken  away.  The  bark  of  the  stock,  where 
the  insertion  of  the  scion  is  to  be,  must  be  cut  through  in  the 
form  of  the  letter  T,  as  wide  and  as  long  as  is  suflicient  to 
receive  the  scion,  cut  as  before,  with  a  slope  face  of  at  least  an 
inch  long,  taking  advantage  (if  it  may  be)  of  a  part  of  the 
stock  that  is  a  little  gibbous.  Let  the  bark  of  the  stock  he 
neatly  raised  to  receive  it,  but  yet  no  moie  than  necessary  ;  a 
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litlle  l)it  of  ihc  bark  may  be  sliced  off  the  part  that  is  over  the 
cross  cut,  to  receive  the  scion  tlie  better. 

Approach-yriiftiny,  or  InarvhUig,  is  performed  in  April  or 
May.  When  tlie  stock  we  wouhl  firaft,  and  the  tree  we  would 
propasate,  grow  near  together,  bend  the  best-situated  young 
branch  of  the  tree  or  shrub  to  be  propaj;ated,  to  the  stock  to 
be  f;rafted,  and  having  determined  on  the  part  at  which  most 
conveniently  to  fix  the  shoot,  cut  the  bark  of  that  part  of  tlie 
shoot  ofl',  with  nearly  half  the  wood  (not  to  touch  the  pith)  to 
the  length  of  about  three  inches  for  a  strong  branch,  or  less  for 
a  weaker.  Then  cut  exactly  so  much  of  the  bark  and  branch 
of  the  stock  off,  as  will  receive  the  cut  part  of  the  brancii  or 
shoot,  so  as  to  bring  bark  and  bark  in  contact  in  every  part, 
and  if  the  contrivance  of  lipping  is  used,  it  will  secure  them 
better  l<igellier.  Bind  and  clay,  and  tie  the  work  so  that  the 
wind  may  have  no  power  over  it. 

Budding,  or  Inuctdation,  is  the  most  considerable  mode  of 
propagation.  It  is  performed  as  soon  as  good  shoots  with 
good  eyes  of  the  present  year  can  be  had,  so  that  the  season 
may  be  reckoned  from  mid-June  to  mid-.\ugust.  Peaches  and 
nectarines  are  propagated  on  plum-stocks.  Plums  and  cher- 
ries m;iy  be  inoculated  on  sucker  stocks  of  any  kind.  Pears, 
if  for  standards,  should  be  inoculated  on  pear-stocks,  and  on 
those  raised  from  seed  rather  than  suckers  ;  but  if  for  dwarfs, 
quince-stocks  may  be  best  used,  to  keep  the  trees  from  grow- 
ing olf  too  fast.  Let  the  scions  for  inoculation  be  taken  only 
from  the  outside  branches  of  healthy  and  fruitful  trees,  but  the 
buds  must  not  be  cut  from  the  upper  part  of  the  scions.  Before 
tlie  buds  are  prepared,  get  the  stock  ready  to  receive  them,  by 
taking  oil  lateral  shoots,  leaving  an  uncut  single  stem.  At  the 
part  fixed  on  for  the  inoculation  (uhich  should  be  smooth,  and 
rather  on  the  north  side)  cut  the  bark  through  to  the  wood  in 
form  thus,  T,  the  cross  and  the  down-slit  being  of  the  length 
necessary  to  take  in  the  bud,  which  may  be  cut  with  from  one 
to  two  inches  of  bark  ;  putting  the  point  of  a  knife  (or  .some 
other  instrument,  rather  not  of  iron  or  steel)  into  the  top  of  the 
down-cut  of  the  slock,  raise  the  bark  all  the  way  to  the  bottom, 
so  that  it  will  just  receive  the  bud  easily.  There  are  knives 
made  on  purpose  for  budding,  with  flat  ivory  hafts.  To  pro- 
cure proper  buds,  put  jour  knife  in  (suppose)  about  three- 
fourths  of  an  inch  above  the  eye,  and  with  a  slope  downwards 
cut  the  scion  half  through,  then  do  it  at  the  saiiie  distance 
below  the  eye,  and  sloping  it  upwards  cut  up  the  middle  of  the 
wood,  till  the  knife  meets  the  upper  incisions,  so  the  eye,  or 
bud,  «ill  be  directly  in  the  middle.  Then  separate  the  wood 
from  the  bark,  which  is  to  be  done  thus:  with  jour  nail,  or  the 
point  of  a  knife,  loosen  the  bark  at  the  top,  and  strip  it  from 
the  wood  ;  or  rather  with  a  swan  or  large  goose  quill,  made  in 
the  form  of  an  apple-scoop,  (having  a  reyyilar  smooth  edge,)  push 
it  down  between  the  bark  and  wood,  pressing  it  against  the 
wood.  Examine  the  inside  of  the  bark,  and  if  there  is  a  ca\ity 
just  behind  the  eye  or  bud,  it  is  good  fur  nothing.  The  leaf 
that  grows  by  the  eye  is  to  be  cut  down  to  near  its  footstalk. 
See  tliat  the  bark  of  the  stock  is  loosened  a  proper  length  and 
breadth,  and  if,  when  the  bud  is  put  in,  it  should  prove  a  little 
too  long,  cut  the  spare  part  olf;  so  that  the  top  of  the  bud 
being  squared,  falls  in  straight  with  the  cross  cut  of  the  stock. 
Thus  fixed,  bind  it  moderately  tight  in  its  place  with  wet  bass, 
beginning  at  the  bottom,  and  passing  by  the  bud,  go  on  to  the 
top,  or  rather  above  it.  Care  must  be  taken  that  the  bud  is 
not  hurt,  and  it  is  to  be  left  only  just  starting  out  between  the 
bass.  If  the  buds  have  taken,  it  will  be  seen  in  about  three 
weeks  or  a  month,  by  their  appearing  fresh  and  plump.  As 
often  as  any  shoots  appear  below  the  budding,  cut  them  ofl', 
and  also  some  of  the  shoots  above,  if  there  are  many  of  them  : 
for  it  is  not  proper  that  an  inoculated  stock  should  have  a 
large  head.  In  a  month  loosen  the  bandage,  by  taking  it  oil', 
and  putting  it  on  gently  again  for  another  month.  In  March, 
cut  the  head  of  the  stock  oil' with  a  keen  knife,  close  behind 
the  budding,  ia  a  sloping  direction. —  Wutliins's  Cyctupctdia. 

GR.\IN,  the  name  of  a  small  weight,  the  20lh  part  of  a 
scruple  in  apothecaries'  weight,  and  the  'J4th  of  a  pennyweight 
troy.  A  grain-weight  of  gold-bullion  is  worth  about  two-pence, 
and  that  of  silver  half  a  farthing. 

Gk.mn  also  denotes  the  component  particles  of  stones  and 
metals,  the  veins  of  wood,  &c. 


Grain  and  Skeds  are  composed  chielly  of  starch  or  coagu- 
lated mucilage,  generally  coud)ined  with  gluten,  oil,  or  albu- 
minous matter  ;  in  corn  with  gluten,  in  peas  and  beans  with 
albuminous  matter,  and  in  rapeseed,  hempseed,  linseed,  and 
the  kernels  of  most  nuts,  with  oils.  Sir  H.  Davy  found  in  lUO 
parts  of  wheat  sown  in  autumn,  of  starch,  77  ;  of  gluten,  19. 
In  100  parts  of  wheat  sown  in  spring,  of  starch,  70;  of  gluten, 
24.  In  lUO  parts  of  Barhary  wheat,  of -Starch,  74  ;  of  gluten, 
23.    In  100  paits  of  Sicilian  wheat,  of  starch,  75;  of  gluten,  21. 

GRALL.'E,  in  Ornithology,  is  an  order  of  birds  in  the  Lin- 
naean  system,  which  includes  20  genera,  iw'r.  the  phaenicopterus, 
platalea,  palamedea,  mycteria,  tantalus,  ardea,  corrira,  recur- 
virostra,  seolopax,  tringa,  fulica,  parra,  vaginalis,  psophia, 
cancroma,  rallus,  scopus,  glareola,  haematopus,  and  cha- 
radrius. 

GRAMM.\R,  is  the  art  of  speaking  and  writing  a  language 
correctly  ;  and  the  purpose  of  language  is  to  communicate  our 
thoughts. 

In  English  there  arc  ten  parts  of  speech,  namely,  the  noun, 
the  article,  the  adjective,  the  pronoun,  the  verb,  the  participle, 
the  adverb,  the  preposition,  the  conjunction,  and  the  inter- 
jection. 

A  noun,  or,  as  it  is  sometimes  called,  a  substantive,  is  the 
name  of  any  person,  place,  or  thing,  as  James,  London,  land, 
leisure. 

An  article  is  a  word  prefixed  to  nouns,  to  point  them  cot, 
and  to  shew  how  far  their  signification  extends. 

The  articles  are  o,  an,  the ;  the  is  definite  ;  a  and  an  indefi- 
nite :  thus,  we  say  the  house,  when  we  mean  any  particular 
house  ;  a  house,  «  hen  we  refer  to  one  generally. 

A  noun  may  be  known  by  taking  an  article  before  it,  as  a 
book,  an  owl,  the  moon;  or  by  its  making  sense  of  itself,  as 
virtue,  poverty,  uealth. 

Nouns  are  either  proper  or  common: — proper  nouns  are  the 
the  names  appropriated  to  individuals,  as  Charles,  Paris, 
Thames;  and  common  nouns  denote  the  species  of  things,  as  a 
man,  a  city,  a  river ;  thus  Paris  is  a  proper  noun,  being  a  name 
appropriated  to  a  particalar  city  ;  but  city  is  a  common  noun, 
as  understood  of  any  city. 

All  nouns  are  of  the  third  person  when  spoheji  of,  and  of  the 
second  w  hen  spoken  to.  Examples.  The  men  run  ;  trees  are 
green ;  here  men  and  trees  are  spoken  of,  and  are  of  the  third 
person: — me7i  and  cttizehs,  listen  to  my  words;  in  this  case  Hie» 
and  citizens  are  spoken  to,  and  are  of  the  second  person. 

To  nouns  belong  person,  gender,  number,  and  case. 

Gender  is  the  distinction  of  nouns  with  regard  to  sex  ;  there 
are  three  genders,  the  masculine,  feminine,  and  neuter.  The 
inasculine  gender  denotes  aiiimals  of  the  male  kind,  as  a  man,  a 
horse,  a  bull.  The  feminine  gender  indicates  animals  that  are 
females,  as  woman,  cow,  mare.  But  the  neuter  gender  signifies 
objects  neither  male  nor  female,  as  pen,  paper,  booh. 

Number.  There  are  two  numbers  belonging  to  nouns,  the 
si7igular  and  the  plural.  The  singular  is  used  to  express  one 
object  ;  and  the  plural  is  used  when  two  or  more  are  to  be 
expressed. 

The  plural  is  generally  formed,  (\.)  By  adding  s  to  the  sin- 
gular, as  river,  rivers.  (2.)  By  adding  es  when  the  singular 
ends  ch,  s,  sh,  x,  and  r,  as  church,  churches ;  kiss,  hisses ;  lash, 
lashes ;  fox,  foxes.  (3.)  By  changing  the  terminations  of  nouns 
ending  in  f  or  fe  into  ves,  as  calf,  calves  ;  knife,  knives.  (4.) 
When  nouns  end  in  y,  the  plural  is  formed  by  changing  y  into 
ies.  as fy, /lies. 

There  are  many  exceptions  to  these  general  rules,  as  ox, 
oxen;  mxtff',  muff's;  chief,  chiefs;  key,  keys;  goose,  geese ;  fool, 
feet,  &c. 

Some  nouns  admit  of  a  singular  termination  only,  as  wheat, 
steel,  sloth:  some  have  the  plural  termination  only,  as  bellows, 
scissars,  ashes  ;  and  in  some  nouns  the  singular  and  plural  are 
the  same,  as  deer,  sheep,  &c. 

Case  is  the  variation  of  nouns,  serving  to  express  the  differ- 
ent relations  they  bear  to  each  other. 

English  nouns  have  three  cases,  the  nominative,  \.\ie possessive, 
and  the  objective. 

The  7wminative  expresses  the  name  of  a  thing,  on  the  subject 
of  the  verb  ;  as  the  bny  runs. 

Tlie  possessive  denotes  property  or  possession,  and  is  formed 
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by  adding  s  to  the  nominative,  uilli  an  apostrophe  before  it, 
as  Solomon's  wisdom,  the  cow's  crib.  When  the  noun  ends  in*, 
tlie  apostrophe  only  is  added,  as  the  Slulioners'  arms. 

The  objective  case  denotes  tlie  object  of  an  active  verb,  or  of  a 
proposition;  as,  Charles  teaches  Jaraes ;  Charles  and  James 
live  in  London.         Nouns  are  declined  thus  : 

Aomiiialive.     Man.    ~\  Men.    "j 

Possessive.       Man's.  I- Si7ir/ular.         Men's.  ^P/ura/. 
Objective.         Man.    J  Men.    } 

The  nominative  and  objective  are  spelt  alike;  but  in  a  sen- 
tence the  nominative  comes  before  the  verb,  and  the  objective 
after  a  verb  active,  or  preposition. 

Adjectives.  An  adjective  is  a  word  added  to  a  substantive, 
to  denote  its  quality,  or  property,  as  white  paper,  black  ink, 
green  grass.  Adjectives  change  their  terminations  to  augment 
or  diminish  the  quality  of  the  noun  ;  and  these  chanses  are 
caUp.d  dcffiees  of  coynparison.  There  are  three  degrees  of  com- 
parison, the  positive,  as  brave;  the  comparative,  as  braver; 
and  the  superlative,  as  bravest. 

The  positive  is  changed  into  the  comparative  by  the  addition 
o(  r,  ot  er  ;  as  ivise,  wiser  ;  hard,  harder;  and  into  the  iu/)e)7a- 
tive  by  adding  st  or  est ;  as  wise,  wisest ;  hard,  hardest. 

The  words  more  and  most,  placed  before  an  adjective,  have 
the  same  effect,  as  mure  wise,  most  wise. 

Monosi/llablcs  are,  for  the  most  part,  compared  by  er  and 
est ;  as  hard,  harder,  hardest ;  and  dissyllables  by  more  and  most ; 
as  modest,  more  modest,  most  modest. 

Some  adjectives  are  compared  very  irregularly,  as 

Good,         better,         best.    I  Many,         more,         most. 
Little,         less,  least.  I  Bad,  worse,        worst. 

Some  comparatives  form  the  superlative  by  adding  most,  as 
/ore,  former,  foremost ;  up,  upper,  uppermost;  and  some  adjec- 
tives have  only  two  degrees  of  comparison,  as  under,  undermost. 

Pronouns.  A  pronoun  is  a  word  used  as  a  substitute  for  a 
noun,  and  there  are  three  sorts  of  pronouns;  the  personal, 
as  /.  thou,  he ;  we,  ye,  the;/:  the  RELATIVE,  as  irho,  which,  what ; 
and  the  adjective,  as  some,  other,  any,  one,  all,  such. 

The  third  persons  singular  of  the  personal  pronouns,  he,  she, 
and  it,  admit  of  gender;  and  pronouns,  like  nouns,  have  three 
cases,  the  nominative,  possessive,  and  objective.  They  are 
mostly  different  from  each  other. 

Singular. 
I. 


JFirst  person. 


Second  person. 


Third  person. 


Tiom. 

Poss. 

Obj. 

hom, 

Poss, 

Obj. 

ISom, 

Poss. 

Obj. 


Mine. 

Me. 

Thou. 

Thine 

Thee. 

He,  she,  it. 


Plaral. 

We 

Ours. 

Us. 

Ye  or  you. 

Yours. 

You. 


He,  she.  It.    1  „,,        ... 
His,hers,its.jT'V7-""^'^-'' 
Him,  her,  it.  i       "'*="'• 


In  pronouns  K\\e  first  person  is  the  speaker ;  the  second  is  the 
person  spoken  to ;  and  the  third  is  the  person  spoken  of. 

Relative  pronouns  are  such  as  relate  to  some  word  or  phrase 
going  before,  which  Is  called  the  antecedent;  these  are,  wlio, 
which,  and  that.  Who  is  applied  to  persons,  which  to  animals 
and  inanimate  things.  That  is  applied  both  to  persons  and 
things. 

iVhat  is  a  compound  rel  tive,  and  is  equivalent  to  that  which. 
"  This  is  what  I  wished,"  that  is,  "  the  thing  which  I  wished." 

Who,  which,  what,  arc  called  interrogativcs,  when  used  in 
asking  questions.  The  cases  o{  who  are,  Nom.  Who.  Poss. 
Whose      Obj.  Whom. 

A<ljective  pronouns  are  either  possessive,  distributive,  de- 
monstrative, or  indefinite. 

The  possessive  are  those  that  relate  to  po.ssession,  or  pro- 
perty :  these  are  m)/,  thy,  his.  her,  our,  your,  their. 

The  distributive  pronouns  are  those  which  denote  the  persons 
or  things  that  make  up  a  number,  as  taken  separately  and 
singly  .  these  are  each,  every,  either. 

The  demonstrative  pronouns  are  those  which  point  nut  the 
subjects  to  which  Ihey  belong:  as  this  and  that:  these  ■,\ii(\  those. 

The  indefinite  are  those  which  express  their  sul)jicls  in  an 
indefinite  or  general  manner,  as  some,  other,  ani/,  one,  all,  such. 

The  Verb.  A  verb  is  a  word  that  expresses  action,  passion, 
suffering,  or  a.  stale  ofbeintj,  as  /  u-rite,  I  am  beaten,  lam.  And 
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verbs  are  either  active,  transilives,  as  I  diy  the  ground,  or  neuter, 
as  /  run,  or  auxiliary,  as  /  am. 

A  verb  transitive  supooses  a  person  or  thing  that  acts,  and  a 
person  or  thing  tliat  is  affected  by  the  action:  thus,  /  dig  the 
ground,  there  is  the  person  who  acts,  and  the  ground  acted  upon. 

Tlic  person  or  thing  that  acts  is  called  the  agent,  and  the 
person  or  thing  acted  upon  is  called  the  object ;  as  when  we  say, 
Alexander  conquered  Darius;  Alexander  is  the  agent,  and 
Darius  the  object. 

A  verb  transitive  supposes  an  agent  and  an  object: — a  verb 
intransitive  implies  an  agent,  and  has  no  object,  as  I  walk  ;  but 
it  may  be  followed  by  a  noun  of  the  same  signification,  as 
/  run  a  race. 

To  find  the  agent  of  a  transitive  verb,  we  ask  the  question, 
who,  or  what,  before  the  verb;  as  Who  conquered  Darius? 
answer,  Alexander,  the  agent.  To  find  the  object,  you  ask  the 
question.  Whom  did  Alexander  conquer?  answer,  Darius,  the 
object. 

The  radical  form  of  verbs,  or  that  from  which  all  the  modili- 
cations  of  thera  are  derived,  is  that  in  which  they  follow  the 
particle  to ;  as  to  love,  to  run. 

The  auxiliary,  or  connecting  verbs,  are,  am,  are,  be,  become,  is, 
was,  were  ;  and  they  serve  to  connect  qualities  with  their  sub- 
jects, or  are  used  in  conjunction  with  other  verbs  ;  as  I  am  cold  ; 
John  and  James  arc  going  to  London  ;  God  is  goad. 

The  person  or  thing  preceding  a  connecting  verb  is  called  the 
subject,  and  a  quality  or  thing  coming  after  it  is  called  the 
predicate. 

The  properties  of  verbs  are  mood,  tense,  number,  and  person. 

Mood  expresses  the  sense  of  the  vcrli,  and  there  are  four 
moods,  the  indicative, imperative,  subjunctive,  and  infinitive. 

The  indicative  merely  declares  a  thing,  as  1  walk  ;  does  he  u  alh? 

The  imperative  expresses  a  command,  &c.  as  run  into  the 
village  ;  copy  this  writing. 

The  subjunctive  expresses  a  thing  conditionally,  and  is  pre- 
ceded by  a  conjunction:  I  will  love  him,  though  he  reprove  me. 
Were  he  more  kind,  he  would  bemore  amiable;  that  is,  if  l\e  were 
more  kind.  Sec. 

The  infinite  mood  is  preceded  by  the  preposition  to,  and  is 
not  limited  by  person  or  number ;  as  to  act,  to  run,  to  be  loved. 

The  tenses  mark  the  division  of  time;  they  are,  (1.)  The 
present,  expressing  the  time  noiv:  (2.)  The  perfect,  expressing 
time  past:  (3.)  The  future,  expressing  time  to  come. 

In  verbs  there  arc  tuo  numbers,  singular  and  plural,  and 
three  persons,  viz.  first,  second,  and  third,  singular  and  plural, 
answering  to  the  pronouns,  /,  thou,  he;  we. ye  or  i/ou,  they. 

All  words  whatever,  except/,  thou,  we, ye  or  you,  are  of  the 
third  person. 

The  second  person  of  the  present  tense,  indicative  mood,  is 
formed  by  adding  st  or  est,  to  the  first  person,  as  love,  love*/  ; 
walk,  walkfif,  according  as  the  verb  has,  or  has  not,  the  final 
e.  In  the  plural  number  there  is  no  change;  as  we  love;  ye  or 
you  love  ;  they  love. 

The  third  jierson  is  formed  by  adding  to  the  first  th  or  eth  . 
as  love,  love/A  ;  walk,  walk(7/i  ;  but  ih  or  eth  is  often  changed 
to  *,  as  he  loveth  or  loves  ;  he  walkcth  or  walks. 

The  first  and  third  persons  of  the  perfect  tense  are  formed  by 
adding  d  or  ed,  to  the  first  person  of  the  present,  according  as 
the  verb  has  or  has  not  the  final  c  ;  as  love,  lo\ed;  walk,  walkfrf. 

The  second  person  is  formed  by  adding  est  to  the  first  per- 
son, which  is  usually  changed  into  47.  as  loved,  lovedst.  The 
future  tense  is  known  by  the  sign  4/111//  or  will;  as  I  shall  com. 
pletc  this  work.     /  hi'// complete  it. 

The  imperative  mood  has  only  two  persons,  the  second  and 
third,  singular  or  plural,  and  let  is  its  sign.  The  sub/unctire 
mood  has  only  two  tenses,  the  present  and  past,  and  ils  signs 
are  may,  can,  might,  could,  would,  should.  The  iiiliiiitive  mood 
has  two  tenses,  the  present,  as  to  write,  and  the  past,  to  have 
written,  without  either  number  or  person. 

Participles  are  certain  forms  of  the  verb,  and  are  so  called 
from  participating  the  active  properties  of  verbs,  and  theybrm 
and  construction  of  adjectives.  They  are  the  present,  and  the 
past  or  perfect. 

The  present  participle  is  formed  by  adding  ing  to  the  verb, 
as  walk,  walking:  if  the  verb  end  in  c  the  e  is  dropt,  as  love, 
loving  :  make,  inaki«_7  ;  be  makes  being,  and  dye,  di/eing. 
OH 
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Tlie  perfect  partipiple  is  formed  by  adding  d  or  ed  to  the 
veib,  as  love,  lo\e(/;  walk,  walk<f/.  But  there  are  inanj' excep- 
tiuiis,  as  write,  written  ;  diaw,  drawn  ;  hind,  bound,  &c. 

The  perfect  tense,  and  perfect  participle  of  \erbs,  liaving 
only  one  sj  liable,  ajid  ending  in  d  or  t.  are  the  same  as  the 
present ;  as  reod,  read,  ha\ing  read;  hurt,  litirt.  having  Intrt. 

In  verbs  ending  in  d,  preceded  by  a  diphthong,  one  of  the 
vowels  is  dropped  in  the  perfect  tense  and  perfect  participle; 
as  bleed,  bled,  having  bled  ;  feed,  fed,  liaving  fed. 

In  verbs  ending  in  iiir/  and  c/i,  the  perfect  tense  and  perfect 
participle  eniis  mylit;  as  bring,  brought;  teach,  taught. 

Many  verbs  have  the  per.ect  tense  and  perfect  participle 
ending  in  (  ;  as  d«ell,  dwelt ;  leave,  left ;  pass,  past. 

Auxiliary  verbs  are  used  with  other  \eibs  to  ascertain  the 
time  and  oiher  circumstances  of  an  action  with  greater  preci- 
sion ;  and  in  forming  the  tenses,  the  ehaiioe  of  termination  is 
confined  to  the  auxiliary,  as  I  do  love  ;  thou  duit  love  ;  he  dutli 
love,  &.C.     I  am  loving,  thou  art  loving. 

An  adverb  is  a  part  of  speech  joined  lo  a  verb,  an  adjective, 
and  sometimes  to  another  adverb,  to  express  some  quality  or 
cireumstaiiee  respecting  it;  as  he  writes  Kt/i,  a  <;»/]/ benevo- 
lent man  ;  he  fought  very  braveli/. 

Some  adverbs  admit  of  comparison  ;  as  soon,  sooner,  soonest ; 
and  those  ending  in  /;/  are  compared  by  the  words  mi.cf  and 
tnost.  as  godly,  more  godly,  niosl  godly. 

Prepositions  express  the  rela'.ion  that  one  word  has  to 
another;  as  he  went /o  Cauibiid^e.  He  walked />«7«  London 
to  York  ill  lour  days.     They  are  supported  bi/  industiy. 

C'ovjuncliuiis  join  words  and  sentences  together,  and  shew 
the  niaijner  of  their  dependence  upon  one  another;  as  John 
and  Jiiii  cs  live  in  the  country.  I  will  run  if  yon  wish  it.  Con- 
junctions are  either  conjunctive,  as  arid,  or  disjunctive,  as  or. 

Interjections  are  broken  or  imperfect  words,  denoting  some 
emotion  or  passion  of  the  mind  ;  as  alas!  I  drtad  to  hear  the 
news.     Oh!  how  anxious  I  am! 

Si/ntax  treats  of  the  agreement  and  connexion  of  words  in  a 
sentence.  A  sentence  is  an  assemblage  of  words  forming  a 
complete  sense  :  the  i)rincipal  parts  of  which  are,  the  subject, 
the  attribute,  and  the  object.  The  subject  is  the  thing  chiefly 
spoken  of;  the  allribule  is  the  thing' or  action  affirmed  or 
denied  of  it;  and  the  object  is  the  thing  afleeted  by  such  action; 
as,  "  Alexander  pursued  Darius;"  .Alexander  is  the  subject  ; 
pursued,  the  attribute  ;  Darius,  the  object.  The  subject  is  the 
nominative  to  the  verb,  and  usually  goes  before  it;  and  the 
word  or  phrase  denoting  the  object  follows  the  verb.  "  A  pru- 
dent  man  restrairrs  his  passions:"  in  this  case,  "A  prudent 
iiian,"  is  the  subject;  "restrains,"  the  attribute;  "his  pas- 
sions," the  object. 

Syntax  cor.sists,  (1.)  Of  concord,  which  is  the  agreement  of 
one  word  vviih  airother,  in  gender,  case,  and  nuiirber.  (2.)  Of 
i;overnment,  which  is  the  power  whir-h  one  part  of  speech  has 
over  airother  in  directing  its  mood,  tense,  or  case. 

A  verb  must  agree  with  its  nominative  case  in  number  and 
person  ;  as,  "  I  learn  ;"  "  thou  w  alkest  ;"  "  the  man  runs." 

Two  or  more  nouns  singular,  joined  together  with  a  conjunc- 
tion copulative,  have  verbs  and  pronouns  agreeing  with  them  in 
the  plural  ;  as,  "Cicero  and  I  are  well;"  but  if  lire  conjunction 
be  disjunctive,  the  verb  will  be  singular,  as,  "  Thomas  or  John 
hopes  to  be  at  home." 

A  noun  of  multitude  may  sometimes  have  a  verb  or  pronoun 
agreeing  with  it,  eilher  in  the  singular  or  plural  number,  as, 
"  the  multitude  eagerly  pHc.tue  their  pleasures;"  or,  "  the  mul- 
titude eageily  pursues  its  pleasures." 

Pronorfns  must  always  agree  with  their  antecedents,  and  the 
nouns  for  «hich  they  stand,  in  gender  and  number;  as,  "  The 
man  icliom  I  respect."  "  This  is  the  (lower  which  I  admire." 
"  'I'hr  hoys  and  girls  enjoy  their  play." 

\\'lii  n  no  nominative  ease  comes  between  the  relative  and 
the  verb,  the  relative  is  the  nominative  ;  as,  "  The  friends  ir/io 
\>alked  with  us." — When  a  nominative  comes  between  the  rela- 
ti.e  and  the  verb,  the  relative  is  governed  by  some  oilier  verb; 
as,  "  to  whom  I  owe  my  being  ;"  here  the  relative  uhom  is 
governed  by  the  preposition  to. 

Every  adjective  belongs  to  a  substantive  expressed  or  under- 
stood ;  as,  "  Few  are  really  happy,"  that  is.  few  persons.  ''This 
is  a  beautiful  i)lant,"  that  is,  this  plant  is,  &c. 


The  article  a  or  an  agrees  with  the  singular  nouns  only  ;  but 
the  article  the  may  agree  with  singular  or  plural  nouns  ;  as, 
"  the  field,"  "  the  fields." 

One  substantive  governs  another,  signifying  a  dilTerent 
thing  in  the  possessive  case  ;  as,  "  My  brother's  horse." 

Transitive  verbs  govern  the  objective  case  ;  as,  "The  master 
instructs  we  or  him."  "A  good  cause  supports  us  or  them." 

One  verb  governs  another  in  the  infinitive  mood;  as,  "  I  am 
ready  to  answer  him,  or  her.'' 

ParticipK  s  govern  the  same  cases  as  the  verbs  from  which 
they  are  derived;  as,  "  his  friend  is  weary  in  adnwuishiny  him." 

Adverbs  are  for  the  most  part  placed  before  adjectives,  after 
transitive  or  intransitive  verbs,  and  frequently  between  the 
auxiliary  and  the  verb;  as,  "  He  spoke  a  verij  long  time,  and 
was  altentively  heard  by  all  the  company." 

Two  negatives  destroy  one  another;  as,  "  His  jnanner  is  nut 
ungraceful  ;"  that  is,  "  He  has  a  graceful  manner." 

Prepositions  govern  the  objective  case;  as.  "He  spoke 
well  of  her."    "  I  ran  by  her,  or  him."     "  They  will  come  lo  iis." 

Conjunctions  connect  the  same  moods  and  tenses  of  verbs, 
and  eases  of  nouns  and  pronouns;  as,  "  I'he  friend  praised 
and  rewarded  us."  "  The  master  reproved  him  and  me  and  her." 

Conjunctions  that  are  of  a  positive  nature  recpiirc  the  indi- 
cative mood;  as,  "  He  is  healthj  because  he  is  temperate:"  but 
those  that  imply  something  doubtful  require  the  subjunctive 
mood,  as,  "  If  I  were  to  admonish  him,  he  would  not  attend" 

^^  hen  the  qualities  of  dilfcrent  things  are  compared,  the 
latter  noun  or  pronoun  agrees  with  the  verb,  or  is  governed  by 
the  verb  or  the  preposition  expressed  or  understood  ;  as,  "  You 
walk  faster  than  I,"  that  is,  "  than  I  walk."  "  They  were  more 
fortunate  than  we,"  that  is,  "  than  we  were."  "  He  loved  her 
iv:ore  than  me,"  that  is,  "  more  than  he  lored  me."  "  It  is 
belter  expressed  by  him  than  her,"  that  is,  "  than  by  her." 

GR.\MME,  the  unit  in  French  weights.  It  is  the  weight  of 
one-hundredth  part  of  the  metre  of  distilled  water,  at  its 
maximum  density.  It  answers  to  16.444  grains  The  denomi- 
nations of  wejshts  proceed  decimally  both  ways. 

GRANARY,  a  building  to  store  corn  in. 

GR ANATITE,  a  stone  found  in  Spain,  France,  and  Switzer- 
land. It  is  crystallized  in  a  very  peculiar  form;  two  six-sided 
prisms  intersect  each  other,  eilher  at  right  angles  or  obliquely. 
It  is  of  a  greyish  or  reddish  brown  colour.  Specific  gravity 
3.'2S61.  Usually  opaque.  Glassy  or  greasy.  It  is  fusible 
before  the  blow-pipe.  One  hundred  parts  consist  of  44  alu- 
mina; 33  silica;  13  oxide  of  iron;  3.84  lime;  1.00  oxide  of 
manganese. 

GRAND  JURY.  The  sheriff  of  every  county  is  bound  to 
return,  to  every  commission  of  oyer  and  terminer,  and  of  gaol 
delivery,  and  to  every  session  of  the  peace,  twenty-four  good 
and  lawful  men  of  the  county,  some  out  of  every  hundred,  to 
inquire,  present,  do,  and  execute  all  those  things  which  on  the 
part  of  our  lord  the  king  shall  then  and  there  be  commanded 
them.  They  ought  to  be  freeholders  ;  but  to  what  amount  is 
not  limited  by  law.  Uprm  their  appearance  they  are  sworn 
upon  the  Grand  Jury,  to  the  amount  of  twelve  at  the  least,  and 
not  more  than  twenty-three,  that  twelve  may  be  a  majority. 
They  are  only  to  hear  evidence  on  behalf  of  the  prosecution; 
for  the  finding  of  an  indictment  is  only  in  the  nature  of  an 
inquiry  on  aceusaliou,  which  is  afterwards  to  be  tried;  and 
they  are  only  to  inquire,  upon  their  oaths,  whether  there  is 
sufficient  cause  to  call  upon  the  party  to  answer  it.  If  twelve 
agree  to  find  the  bill,  it  must  be  pronounced  a  true  bill,  but  it 
cannot  be  found  by  a  smaller  nunil)er.  The  mode  of  finding  a 
bill  is  by  indorsing  it  a  true  bill  ;  when  it  is  rejected  it  is  in- 
dorsed "  ignoramus,"  or  not  frmnd  ;  and  no  one  can  be  tried 
by  indictment  without  the  finding  by  a  Grand  Jury. 

GR.VNITE  is  considered  as  the  foundation  rock  on  which 
slate  rocks  and  all  secondary  rocks  are  laid.  From  its  great 
relative  depth,  granite  is  not  frequently  met  with,  except  in 
situations  vvheie  it  appears  to  have  been  forced  through  the 
more  suiieificial  covering  of  the  globe.  Granite  is  a  hard  rock, 
whose  eoustitiient  parts  are  the  three  substances,  quartz,  fel- 
spar, and  mica,  which  are  more  or  less  perfectly  crystallized, 
and  closi  Iv  united  together.  The  three  minerals  of  which 
granite  is  composed  vary  much  in  their  proportions  in  different 
granite  rocks  ;  and  often  in  specimens  from  the  same  rock. 
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Tlie  crystals  arc  large,  or  small,  or  ci|ualiT  iiilcrmixcfi,  in  one 
pari,  and  in  anuthir  part  ()uurtz  or  fil.'par  };ii'iitly  prnloniiiiatc. 
Some  granites  are  composed  of  small  grains,  and  have  large 
crystals  of  fi  Ispar  interspersed  ;  these  are  denominated  por- 
phyritic  granites.  Specimens  of  Cornish  and  Scotch  granites 
are  not  (iiffieult  to  procure  in  London,  as  they  are  commonly 
used  for  paving-stones.  In  the  former,  the  felspar  is  white,  in 
j.ome  specimens  it  is  suft  and  earthy  :  the  mica  appears  like 
glistening  scales  wliivh  have  a  tarnished  semi-nictallic  lustre. 
The  quartz  has  a  viireous  appearance,  and  is  of  a  light  grey 
colour.  In  Scotch  gi unite  the  felspar  has  more  commonly  a 
reddish  bro«n  colour.  The  mica  is  not  unfrequently  Mack 
and  splendent :  this  distinguishes  it  at  first  sight  from  liorn- 
bleiidc-,  which  is  sometimes  intermixed  with  this  granite.  Very 
small' grained  granites  can  scarcely  be  distinguished  from 
sand-stune.  In  general,  felspar  may  he  considered  as  forming 
the  most  abundant  part  of  granite  ;  it  is  sometimes  in  a  de- 
composing state,  owing  to  the  pota.sh  which  frequently  forms  a 
constituent  pait  of  this  mineral.  It  is  not  improbable,  how- 
ever, that  what  is  considered  as  decomposing  granite,  may  in 
some  instances  be  the  original  state  of  the  rock.  Granite  is 
not  stratified,  but  is  sometimes  separated  into  tabular  masses, 
which  h;ive  been  mistaken  for  strata.  It  is  more  frequently 
divided  into  large  masses  or  blocks  which  have  a  t(  ndcncy  to 
assume  a  rliomboidal  Ibrm.  Granite  also  exists  in  round 
masses,  which  are  composed  of  concentric  spherical  layers, 
separated  by  granite  of  a  less  compact  kind,  and  enclosing  a 
harder  central  nucleus.  These  gloliular  masses  are  three  or 
four  yards  or  more  in  diameter,  and  are  sometimes  found 
detached,  and  sometimes  imbedded  in  granite  of  a  softer  kind  : 
probably  the  detached  globes  of  granite  were  also  once  im- 
bedded in  a  similar  rock,  wliiih  has  been  decomposed  and 
worn  away.  This  globular  structure  is  not  peculiar  to  granite. 
When  granite  rises  high  above  the  surface,  it  forms  lofty 
peaks  and  rugged  piles,  which  at  a  distance  resemble  im- 
mense ruins. 

GRANULATION,  the  method  of  dividing  metallic  sub- 
stances into  grains  or  small  particles,  in  order  to  facilitate 
their  combination  with  other  substances,  and  somelinies  for 
the  purpose  of  readily  subdividing  them  by  weight.  This  is 
done  either  by  pouring  the  melted  metal  into  water,  or  by 
agitating  it  in  a  box  until  the  moment  of  congelation,  at  which 
instant  it  becomes  converted  into  a  powder. 

GRANT,  in  Law,  a  gift  in  writing  of  such  a  thing  as  cannot 
be  passed  or  convejed  by  word  only,  as  a  grant  is  the  regular 
method,  by  the  commim  law,  of  trsinsferring  the  property  of 
incoiporeal  hereditaments,  or  such  things  whereof  no  livery  of 
seisin  can  be  had.  The  operative  words  in  grants  are  dedi  et 
concessi.  "  I  have  given  and  granted."  Grants  may  be  void 
by  uncertainty,  impossibility,  being  against  law,  a  wrong  title, 
or  a  mode  to  defraud  crcililors. 

GRAPE.  AVeViTis.  Grapes  have  been  repeatedly  examined 
by  the  best  informed  chemists  and  most  accurate  tests,  but 
without  that  success  which  might  have  been  expected.  They 
are  found  to  contain  much  sugar,  a  portion  of  mucilage  and 
jelly,  some  albumen  and  colouring  matter.  Tartrate  of  potash, 
tartaric  acid  ;  the  citric  and  malic  acids  have  likewise  been 
discovered  in  tliem. 

GRAPLIN,  FtuE,  an  instrument  nearly  resembling  the  fol- 
lowing, but  dill'ering  in  the  construction  of  its  flukes,  which  are 
furnished  with  slro:ig  barbs  on  its  points;  these  are  usually 
fixed  by  a  chain  on  the  yard-arms  of  a  ship,  to  grapple  any 
adversary  whom  she  intends  to  board,  and  are  particularly 
rc()uisile  in  (ire-sliips. 

GRAPNKL,  or  GitAPLtNo,  a  sort  of  smali  anchor,  fitted  with 
four  or  live  llukcs  or  claws,  and  commonly  used  to  fasten  boats 
or  other  small  vessels. 

GRASS,  in  Botany,  one  of  the  seven  natural  families  into 
which  all  vegetables  are  distributed  by  Liima-us.  They  are 
defined  to  be  plants  which  have  very  simple  leaves,  a  jointed 
stem,  a  husky  calyx  named  a  glume,  and  a  single  seed.  This 
description  includes  corn  as  well  as  the  grasses.  Most  of 
these  plants  are  annual  or  perennial  herbs,  some  of  them  are 
erect,  ollirrs  creep  upon  the  ground.  The  roots  in  the  greatest 
number  creep,  and  emit  fibres  from  each  knot  or  joint ;  in 
others,  they  are  simply  branched  and  fibrous.     The  stems  and 


branches  are  round ;  the  leaves  are  simple,  alternate,  entire, 
very  long,  and  commonly  nairow;  liiey  are  generally  placed 
immediately  upon  the  stem,  except  in  the  H;inibno,  and  a  fev» 
others  which  have  a  foot-stalk  at  the  origin  of  the  leaves. 

GK.\TINGS,  a  sort  of  open  cover  for  the  hatches,  resem- 
bling lattice-work,  serving  to  give  light  to  the  lower  apart- 
ments, and  to  permit  a  circulation  of  air;  both  of  which  are 
particularly  necessary,  when,  from  the  turbulence  of  the  sea, 
the  ports  between  decks  are  obliged  to  be  shut. 

GR.WE.  in  Music,  is  applied  to  a  sound  which  is  of  a  low 
or  deep  tone.  The  tlii<ker  the  cord  or  string,  the  more  grave 
is  the  note  or  tone  ;  and  the  smaller  the  more  acute.  Grave, 
in  the  Italian  music,  denotes  a  very  grave  and  slow  motion, 
somewhat  faster  than  adagio,  and  slower  than  largo. 

Grave  Accent,  in  Orammar.  shews  that  the  voice  is  to  be 
lowered  :  its  mark  stands  thus  '.     See  .Accent. 

GRAVEL,  a  congeries  of  pebbles,  which  mixed  with  a  stiff 
loam,  mak's  lasting  and  elegant  walks, 

GRAVKU.     .SVe  EvGUAViNO. 

GRAVIMETER,  the  name  given  by  M.  Guyton  to  an  ii'stru- 
ment  for  measuring  spcrilic  gravities:  he  adopts  this  name 
rather  than  either  areometer  or  h\drometer,  because  these 
latter  terms  are  grounded  upon  the  supposition  that  the  lii|uid 
is  always  the  thing  weighed  ;  whereas,  with  regard  to  solids,  tlic 
liquid  is  but  the  known  term  of  comparison  to  which  the  un- 
known weight  is  referred.  This  in.strument  is  executed  in 
glass,  and  is  of  a  cylindric  form,  being  tli:it  wliicli  requires  the 
smallestquantityoflluid.andisonthat  aicount  preferable,except 
so  far  as  it  is  necessarv  to  deviate  from  the  security  of  a  ver- 
tical position.  Like  Nicholson's  Hydrometer,  wldch  is  else- 
where explained  in  this  work,  it  carries  two  basins;  one  of 
them  su])erior,  at  the  extremity  of  a  thin  stem,  to«:irds  the 
middle  of  whiih  Uie  fixed  point  of  immersion  is  marked.  The 
other,  or  lower  basin,  tciminates  in  a  point;  it  contains  the 
ballast,  and  is  attached  to  the  cylinder  by  two  branches.  The 
moveable  suspension  by  means  of  a  hook  has  the  inconvenience 
of  shortening  llie  lever  which  is  to  secure  the  vertical  position. 

The  cylinder  is  0  71  inches  in  diameter,  and  (itWS  inches  in 
length.  It  carries  in  the  upper  basin  an  additional  constant 
weight  of  11.5  grains.  These  dimensions  might  be  increased 
so  as  to  render  it  c;ipable  of  receiving  a  much  more  consider- 
able weight;  but  this  is  unnecessary.  In  the  lower  basin 
used,  and  eonse<iuently  entirely  immersed  in  the  fluid,  is  a 
bulb  of  glass  loaded  with  a  suthcient  quantity  of  mercury,  in 
order  that  its  total  weight  may  be  equal  (o  the  constant  addi- 
tional  weight,  added  to  the  weight  of  the  volume  of  water  dis- 
placed by  this  piece.  It  will  be  readily  understood  that  the 
weight  being  determined  at  the  same  temperature  at  which  the 
instrument  was  originally  adjusted,  it  will  sink  to  the  same 
mark  on  the  stem,  Hluthcr  it  be  loaded  with  a  constant  addi- 
tional weight  in  the  upper  basin,  or  w  licthcr  the  clfeet  of  this 
weight  be  produced  by  the  additional  piece  in  the  lower  dish. 
From  this  explanation  there  will  be  no  difficulty  in  seeing  how 
this  instrument  may  be  adapted  to  every  case  in  practice. 

It  may  be  used,  1.  for  solids.  It  dilli-rs  not  in  this  respect 
from  Nicholson's  hydrometer.  The  onlv  cond-ition  will  be,  as 
in  his  instrument,  th:if  the  absolute  weight  of  the  body  Jo  he 
examined  shall  he  rather  less  than  the  constant  additional 
weight,  which  in  this  instrument  is  115  grains. 

2.  For  li(piids  of  less  specific  gravity  than  water,  the  instru- 
ment, without  the  additional  weight  above  mentioned,  weigh* 
about  469  grains,  in  the  dimensions  before  laid  down.  It  would 
be  easy  to  limit  its  weight  to  the  utmost  aceurary.  \\i-  have 
therefore  the  range  of  one-liflh  of  buoyancy,  and  conse  luently 
the  means  of  ascertaining  all  the  intermediate  densities  from 
water  to  the  most  highly  rectified  spirit  of  wine,  which  is 
known  to  bear  in  tliis  respect  tlie  ratio  of  8  to  10  with  regard 
to  water. 

3.  When  liquids  of  greater  specific  gravity  than  water  are  to 
be  tried,  the  constant  weight  being  applied  below,  by  means 
of  the  additional  piece,  which  weighs  about  1.18  grains,  the 
instrument  can  receive  in  the  upper  basin  more  than  4  times 
the  usual  additional  weight,  without  losing  the  equilibrium  of 
its  vertical  position.  In  this  state  it  is  capable  of  shewing  tin- 
specific  gravity  of  the  most  concentrated  acids. 

4.  It  possesses  another  property  common  to  Nicbolsou's  in- 
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strunicnt,  namely,  that  it  may  be  used  as  a  balance  to  deter- 
mine the  absolute  weight  of  such  bodies  as  do  not  exceed  its 
additional  load. 

5.  Lastly,  the  purity  of  the  water  beinp  known,  it  v\ill  indi- 
cate the  decrees  of  rarefaction  and  condensation  in  proportion 
to  its  own  bulk. 

This  instrument  may  be  readily  constructed  by  any  work- 
man in  glass.  The  additional  piece  for  the  lower  basin  will 
require  some  attention  to  make  it  agree  perfectly  with  the  con- 
stant upper  weight,  as  to  the  immersion  of  the  in^tniment.  Hut 
this  object  may,  by  carefnl  adjustment,  be  ascertained  w  illi  the 
utmost  certainty  and  accuracy.  The  bulb  of  glass  is  for  this 
purpose  drawn  out  to  a  line  point,  a  sunicient  quantity  of  mer- 
cury is  then  introduced  to  sink  it,  and  the  aperture  closed  with 
a  little  piece  of  wax.  The  bulb  being  then  placed  in  the  lower 
basin  of  the  instrument,  the  upper  basin  is  to  be  loaded  until 
the  mark  on  the  stem  becomes  accurately  coincident  with  the 
surface  of  the  water.  The  sum  of  the  weights  added  above  is 
precisely  equal  to  that  of  the  quantity  of  morcmy  necessary  to 
be  added  to  that  in  the  glass  bulb;  which  done,  nothing  more 
is  needed  than  to  seal  the  point  by  fusion,  taking  care  not  to 
change  its  bulk.  The  whole  is  rendered  portable  by  means  of 
a  case  in  which  all  the  delicate  parts  are  secured  from  pressure, 
and  the  heavier  parts  supported  in  such  a  manner  as  to  resist 
the  excess  of  motion  they  are  capable  of  acquiring  in  conse- 
quence of  their  mass.  This  last  circumstance  is  frequently 
overlooked  by  such  workmen  as  are  employed  in  tl)e  package 
of  instruments  ;  w  hence  it  necessarily  follows,  that  some  strain 
or  fracture  must  be  produced  when  matters  of  very  unequal 
density  are  exposed  to  receive  a  common  impulse. 

Hide  to  find  the  specific  Gravity  of  an)/  Solid  bij  t/ie  Grnvimeter. 
"  From  tlie  weight  in  the  upper  dish,  when  the  instrument  is 
properly  inunersed  in  the  unknown  fluid,  take  the  weight  which 
is  placed  with  the  body  in  the  same  scale  at  the  like  adjust- 
ment. The  remainder  is  the  absolute  weight  of  the  solid.  Mul- 
tiply this  by  the  specific  gravity  of  the  fluid,  and  reserve  the 
product.  From  the  additional  weight  when  the  body  is  placed 
in  the  lower  basin,  take  the  weight  when  it  was  placed  in  the 
upper.  The  remainder  will  be  the  loss  of  w  eight  by  inmiersion. 
DiNide  the  reserved  product  by  the  loss  by  immersion,  and  the 
quotient  will  be  the  specific  gravity  of  the  solid  with  regard  to 
distilled  water  at  the  standard  temperature  and  pressure." 

To  find  the  specific  Gravilij  of  a  Fluid  proceed  thus  :  "  To  the 
weight  of  the  gravimeter  add  the  weight  required  in  the  upper 
basin  to  sink  it  in  the  unknown  fluid.  Again,  tolhe  weight  of 
the  gravimeter  add  the  weight  required  in  the  same  manner  to 
sink  it  in  distilled  water.  Divide  the  first  sum  by  the  latter,  and 
the  quotient  will  be  the  specific  gravity  of  the  fluid  in  question." 

GRAVING,  the  act  of  cleaning  a  ship's  bottom  when  she  is  laid 
aground  during  the  recess  of  the  tide.  See  the  article  Breaming. 

GRAA'ITYTION,  (from  gravitate,  Latin),  the  act  of  tending 
to  a  centre.  Or,  gravitation  may  be  more  generally  defined, 
the  exercise  of  gravity,  or  the  action  which  a  body  exercises 
on  anoilur  body  by  the  power  of  gravity.     See  Attraction. 

GRAVITY,  (Giawifas,  Latin,)  in  Physics,  the  natural  tendency 
or  inclination  of  bodies  towards  a  centre. 

Terrestrial  Gravity,  is  that  force  by  which  all  all  bodies  are 
continually  urged  towards  the  centre  of  the  earth.  It  is  in  con- 
sequence of  this  force  that  bodies  are  accelerated  in  their  fall, 
and  when  at  rest  that  they  press  the  body,  or  that  part  of  the 
body  by  which  they  are  supported. 

As  to  the  cause  of  gravity,  or  its  nature,  nothing  whatever  is 
known,  and  it  would  be  useless  and  unprofitable  to  occupy  any 
part  of  this  article  in  detailing  the  several  vague  hypotheses 
that  have  been  advanced  to  account  for  this  most  important 
law  of  nature.  All  that  can  be  said  is,  that  it  appears  to  be 
an  essential  property  of  matter,  or,  at  least,  of  all  matter  that 
has  hitherto  become  the  object  of  human  investigation,  though 
it  is  by  no  means  certain  that  matter  may  not  exist  which  is 
not  subject  to  its  influence. 

This  part  of  the  subject  appears  to  be  totally  out  of  the  reach 
of  human  comprehension,  instead  therefore  of  wasting  our 
time  in  useless  speculation  as  to  the  cause,  let  ns  onlv  attend 
to  its  effects,  and  content  ouiselves  with  examining  nmre  par- 
ticularly the  manner  iu  which  this  principle  operates  on  mate- 
rial bodies,  and  the  laws  by  which  it  appears  to  be  regulated  ; 


the  principal  of  which,  as  deduced  from  experiment,  or  from 
the  most  unequivocal  inferences,  are  as  follows: 

1.  That  gravitation  takes  place  between  the  most  minute 
particles  of  bodies.  2.  That  it  is  proportional  to  the  masses  of 
those  bodies.  3.  that  it  varies  inversely  as  the  square  of  the 
distance  in  proceeding  from  the  surface  of  the  body  upwards, 
or  from  its  centre.  4.  That  it  varies  directly  at  the  distance, 
in  descending  from  the  surface  to  the  centre  in  uniform  sphe- 
rical bodies.  5.  That  it  acts  equally  on  bodies  in  a  state  of 
rest,  as  on  those  in  motion,  and  that  its  action  in  the  latter 
ease  is  alwa^  s  the  same,  whether  that  motion  be  to  or  from 
the  centre  of  attraction,  or  in  any  other  direction.  6.  That  it 
is  transmitted  instantaneously  from  one  body  to  another. 
With  regard  to  this  last,  Laplace  has  shewn,  that  if  the  trans- 
mission of  this  force  was  not  instantaneously  communicated 
from  the  sun  to  the  extreme  bounds  of  the  solar  system,  an 
acceleration  would  take  place  in  the  motion  of  the  planetary 
bodies;  and  as  no  such  acceleration  has  been  observed,  beyond 
what  may  be  accounted  for  and  computed  on  other  principles, 
we  have  reason  to  conclude  that  the  propagation  of  gravitation 
is  instantaneous. 

Gravity,  as  relating  to  the  science  of  mechanics,  is  divided 
into  absolute  and  relative. 

Absolute  Grwity,  is  that  by  which  a  body  descends  freely 
and  perpendicularly  in  a  vacuum  or  nonresisting  medium,  the 
laws  of  wliich  are  given  under  the  article  Accilleration. 

Relative  Gravity,  is  that  by  which  a  body  descends,  when 
the  absolute  gravity  is  constantly  counteracted  by  a  uniform 
but  inferior  force,  such  as  in  the  descent  of  bodies  down 
inclined  planes,  or  in  resisting  mediums.  See  Inclined  Plane, 
Resistance,  and  Resisting  Mediums. 

Specific  Gravipy,  is  the  relative  gravity  of  any  body  or  sub- 
stance, considered  with  regard  to  some  other  body  which  is 
assumed  as  a  standard  of  comparison,  and  this  standard,  by 
universal  consent  and  practice,  is  rain  water,  on  account  of 
its  being  less  subject  to  variation  in  dilferent  circumstances  of 
time,  place,  &c.  than  any  other  body,  whether  solid  or  fluid. 
And  by  a  very  fortunate  coincidence,  at  least  to  English  phi- 
losophers, it  happens,  that  a  cubic  foot  of  rain  water  weighs 
1000  ounces  avoirdupois:  and  consequently  assuming  this  as 
the  specific  gravity  of  rain  water,  and  comparing  all  other 
bodies  with  this,  the  same  numbers  that  express  the  specific 
gravity  of  bodies,  will  at  the  same  time  denote  the  weight  of  a 
cubic  foot  of  each  in  avoirdupois  ounces,  which  is  a  great  con- 
venience in  numerical  computations. 

From  the  preceding  definition,  we  readily  draw  the  following 
laws  of  the  specific  gravity  of  bodies  ;  viz. 

1.  In  bodies  of  equal  magnitude  the  speci.lc  gravities  arc 
directly  as  the  weights,  or  as  their  densities. 

2.  In  bodies  of  the  same  specific  gravities  the  weights  will  be 
as  the  magnitudes. 

3.  In  bodies  of  equal  weights,  the  specific  gravities  are 
inversely  as  the  magnitudes- 

4.  The  weights  of  diO'erent  bodies  are  to  each  other  in 
the  compound  ratio  of  their  magnitudes  and  specific  gravities. 

Hence  it  is  obvious,  that,  of  the  magnitude,  weight,  and  spe- 
cific gravity  of  a  body,  any  two  of  these  being  given,  the 
third  may  be  found  ;  and  we  may  thus  find  the  magnitude  of 
bodies,  which  are  too  irregular,  to  admit  of  the  application  of 
the  common  rules  of  mensuration  ;  or  we  may  by  knowing  the 
specific  gravity  and  magnitude,  find  the  weight  of  bodies  which 
are  too  ponderous  to  be  submitted  to  the  action  of  the  balance 
or  steel-yard;  or,  lastly,  the  magnitude  and  weight  being 
given,  we  may  ascertain  their  specific  gravities. 

Exam-  The  weight  of  a  marble  statue  being  748  lbs.  avoirdu- 
pois, required  the  number  of  cubic  feet,  &c.  wliich  it  con- 
tains ;  the  specific  gravity  of  marble  b<ing  ■274"2. 

Since  a  cubic  foot  neighs  2742  ounces,  we  have 
as  2742  :  748  X    1(>  :  :    1    :  436  feet. 

2.  Required  the  weight  of  a  block  of  granite  whose  length  is 
63  feet,  and  breadth  and  thickness  each  12  feet ;  the  specific 
gravity  of  granite  being  3500. 

Here  63  x  I'J  X  12  =  9072  feet ;  then  again,  as  I  :  9072  :  : 
3500  :  31752000  ouni:cs  ;  or  885  ton.  ISJ  ewt.  The  above  are 
said  to  be  the  dimensions  of  one  of  the  stones  in  the  walls  of 
Balbeck. 
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Other  propertie*  relating  to  the  specific  gravity  of  bodies  are 

as  follows  ;  viz.  1.  A  Ixxly  itiiiiiprseJ  iu  a  fluid  will  siuk,  il'its 
spccilin  gravil)  be  greater  than  that  of  the  fluid;  if  it  bt-  less, 
tlie  body  will  rise  to  the  top,  and  be  only  partly  immerged  ; 
and  if  tlie  specific  gravity  of  the  solid  and  fluici  be  equal,  it 
will  remain  at  rest  in  any  part  of  the  fluid  in  which  it  may  be 
placed.  2.  When  a  body  is  heavier  than  a  fluid,  it  loses  as 
much  of  its  weight  when  immersed,  as  is  equal  to  a  quantity  of 
the  fluid  of  the  same  bulk  or  magnitude.  :).  If  the  specific  gra- 
vity of  the  fluid  be  greater  than  that  of  the  body,  then  the  quan- 
lit)  of  the  fluid  displaced  by  the  part  irnnierged,  is  equal  to 
the  weight  of  the  whole  body.  And  hence,  as  the  specific  gra- 
vity of  tlie  fluid  is  to  that  of  the  body,  so  is  the  whole  magni- 
tude of  the  body  to  the  part  iramergcd.  4.  The  specific  gravi- 
ties of  equal  solids,  are  as  their  parts  immerged  in  the  same 
fluid.  5.  The  specific  gravities  of  fluids  are  as  the  weights  lost 
by  the  same  immerged  solid. 

Hence  are  drawn  the  following  rules  for  ascertaining  the 
specific  gravities  of  liotli  solids  and  fluids. — Tofind  the  specific 
graviti/  of  a  bothj.  This  m;iy  be  done  generally  by  means  of  the 
hydrostatic  balance,  v,\\\c\\  is  contrived  for  the  easy  and  exact 
determination  of  the  weights  of  bodies,  either  in  air,  or  when 
immersed  in  water,  or  other  fluid,  from  the  difl'erence  of  which 
the  specific  gravity  of  both  the  solid  and  tluid  maybe  com- 
puted. 

1-  When  the  body  is  heavier  than  water.  Weigh  it  both  out  of 
water  and  in  water  ;  then  say. 

As  the  weight  lost  in  water 

Is  to  the  whole  or  absolute  weight. 

So  is  the  specific  gravity  of  water 

To  that  of  the  body. 

2.  When  the  body  is  lighter  than  Water.  In  this  case  attach 
to  it  a  piece  of  another  body  heavier  than  water,  so  that  the 
mass  compounded  of  the  two  may  sink  together.  Weigh  the 
denser  body  and  the  compound  body  separately,  both  out  of 
the  water  and  in  it ;  and  find  how  much  each  loses  in  the  water 
by  subtracting  its  weight  in  water  from  its  weight  in  air  ;  and 
subtract  the  less  of  these  remainders  from  the  greater.  Then 
use  this  proportion. 

As  the  last  remainder 
Is  to  the  weight  of  the  light  body  in  air, 
So  is  the  specific  gravity  of  water 
To  the  specific  gravity  of  the  body. 

3.  When  the  specific  r/rarity  of  a  fluid  is  required.  Take  a 
piece  of  some  body  of  known  specific  gravity  ;  weigh  it  both  in 
and  (Hit  of  the  fluid,  and  find  the  loss  of  weight  by  taking  the 
dill'erence  of  these  two  ;  tlien  say. 

As  the  whole  or  absolute  weight 

Is  to  the  weight. 

So  is  the  specific  gravity  of  the  solid 

To  the  specific  gravity  of  the  fluid. 
In  the  case  of  solid  substances,  they  may  be  cither  denser 
than  water  or  rarer,  and  they  may  be  insoluble  in  it  or  incapa- 
ble of  soliiiion.     The  mode  of  determining  their  .specific  gravity 
will  accDrdiiigly  be  diflerent. 

1.  Insoluble  solid  bodies,  denser  than  water  are  weighed  in 
vacuo,  and  then  in  distilled  water  :  and  the  loss  of  weight  w  liieh 
they  suffer  by  immersion,  is  to  their  whole  weight,  as  unit  is 
to  their  specific  gravity. 

2.  Insoluble  solid  bodies,  lighter  than  water,  require  to  be 
joined  to  some  heavier  substance,  in  order  to  make  them  sink 
in  that  liquid.  The  weight  of  the  ballast,  when  immersed 
alone,  must  be  previously  ascertained.  Tliis  weight,  diminish- 
ed, by  the  weight  of  the  coiiiponnd  after  immersion,  will  there- 
fore give  the  buoyant  power,  or  the  weight  ofa  mass  of  water 
equal  to  the  bulk  of  the  rare  substance.  The  weight  thus 
corrected  is  hence  to  the  weiglit  of  the  sulistainie  in  vacuo,  as 
unit  is  to  ils  specific  gravity.  The  coniputalion  may  be  simpli- 
fied, however,  by  using  what  is  called  a  ualcr  weir/ht.  or  an 
exact  counterpoise  of  the  tongs  or  bucket  by  which  tiie  body  is 
kept  immersed  in  the  fluid. 

••3.  When  the  solid  substances  to  be  examined  are  saline,  or 
liable  to  solution  in  water,  they  niav  be  gently  heated,  and 
covered  with  a  thin  coat  of  melted  bee's'-wax.  Thus  defended, 
they  may  now  be  plunged  without  any  risk  in  distilled  water. 
A  slight  allowance  should  be  made  for  the  buoyant  influence 
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of  the  coat  of  wax  itself,  which,  however,  must  be  very  miuute, 
since  this  plastic  material  has  very  nearly  the  density  of  watt r 

itself 

A  solid  substance,  rarer  than  the  fluid  medium,  must  evi- 
dently sink,  till  it  displace  an  e(pial  weight  of  the  fluid.  The 
submerged  part  of  the  solid  hence  always  marks  the  volume  of 
this  equiponderant  mass.  If  the  floating  body  have  a  globular 
shape,  terminated  by  a  long  slender  stem,  its  depression  in  any 
liquid  will  nicasure  the  smallest  differences  of  specific  gravity. 

The  stem  may  be  made  exactly  cylindrical,  for  instance,  and 
divided  into  portions  which  correspond  to  tlie  thousandth  parts 
of  the  bulk  of  the  ball.  Such  is  the  general  construction  of  the 
hydrometer,  a  very  convenient  instrument  for  examining  rea- 
dily the  densities  of  difl'erent  liquids.  The  stem  will  scarcely 
bear  more  than  an  hundred  distinct  subdivisions  ;  but  the 
range  can  be  easily  enlarged,  by  attaching,  as  circumstances 
may  require,  loads  answering  to  ioo,  200,  300,  &c. 

(Dne  of  the  easiest  and  simplest  methods  of  determining  the 
densities  of  difl'erent  licpiids,  is  by  a  set  of  small  glass  beads, 
previously  adjusted,  and  numerically  marked.  Thrown  into 
any  liquor,  the  heavier  balls  sink,  till  they  approach  the 
required  density,  and  become  gradually  buoyant,  and  the  one 
which  first  rises  to  the  surface  indicates,  in  thousandth  parts, 
the  specific  gravity  of  tlie  fluid.  These  balls  are  adapted  for 
examining  liquids,  whether  lighter  or  heavier  than  water. 

IJut  the  most  accurate  and  concise  mode  of  ascertaining  the 
density  of  liquids,  is  to  employ  a  small  glass  measure  with  a 
very  short  narrow  neck,  and  adjusted  to  hold  exactly  a  thousand 
grains  of  distilled  water.  The  vessel  being  filled  with  any 
other  liiiuid,  the  weight  of  it  is  observed,  and  thence  its  rela- 
tive density  to  water  may  be  found,  by  merely  striking  ofl'  three 
decimal  places.  At  each  operation,  the  glass  must  be  care- 
fully rinsed  with  pure  water,  and  again  dried,  by  heating  it, 
and  then  sucking  out  the  humified  air,  for  a  few  minutes,  by 
help  of  a  slender  inserted  tube. 

If  fluids  of  various  densities,  and  not  disposed  to  unite  in 
any  cliemieal  aflinity,  be  poured  into  a  vessel,  they  will  arrange 
themselves  in  horizontal  strata,  according  to  their  respective 
densities,  the  heavier  always  occupying  a  lower  place.  This 
stratified  arrangement  of  the  several  fluids  will  succeed,  even 
though  a  niutual  attraction  should  subsist,  provided  only  that 
ils  operation  be  feeble  and  slow.  Thus  a  body  of  quicksilver 
may  occupy  the  bottom  ofa  glass  vessel,  above  it  a  layer  of 
concentrated  sulphuric  acid,  next  this  a  layer  of  pure  water, 
and  then  another  layer  of  alcohol.  The  sulphuric  acid  would 
scarcely  act  at  all  upon  the  mercury,  and  a  considerable  time 
would  elapse  before  the  water  sensibly  penetrated  the  acid,  or 
the  alcohol  the  water.  Bodies  of  diflerent  densities  might 
remain  suspended  in  those  strata.  Thus,  while  a  ball  of  plati- 
num would  lie  at  the  bottom  of  the  quicksilver,  an  iron  hall 
would  float  on  its  surface  ;  but  a  ball  of  brick  would  be  lifted 
up  to  the  acid,  and  a  ball  of  beech  would  swim  in  the  water, 
and  another  of  cork  might  rest  on  the  top  of  the  alcohol. 

Tabic  of  Specijic  Gravities  of  Metals,  Stones,  Earths,  ^-c. 
It  may  be  convenient  here  to  state,  merely  in  round  num- 
bers, the  specific  gravities  of  the  more  remarkable  substances. 


Metals. 

Platinum,  purified 19-.50 

hammered,  . .   20-.34 

laminated,    . .   20-34 

■  drawn  into  wire,  2207 


Gold  pure  and  cast, ....  19'2G 

hammered,   19-36 

Mercury,    13-67 

Lead,  cast,     11-36 

Silver,  pure  and  cast,.  .  10-47 

hammered,    lO'ol 

Bismuth,  cast, 9-82 

Copper,  cast,     8"79 

wire, 8-89 

Brass,  cast 8-40 

wire, 8  54 

Cobalt  and  Nickel,  cast,  7-81 

Iron,  cast 7-21 

Iron,  malleable,    7"79 

5n 


Steel,  soft 7-83 

hainuiered 7-84 

Tin,  cast 7-30 

Zinc,  cast, 7-20 

Antimony,  cast,    4-95 

Molybda^num 4'74 

Sulphate  of  barytcs 4'43 

Zircon  of  Ceylon 4-41 

Stones. 

Oriental  ruby 4-28 

Brazilian  ruby, 3"53 

Bohemian  garnet,    4-19 

Oriental  topaz, 401 

Diamond 3-50 

Crude  manganese 353 

Flint  glass,    2-89 

Glass  of  St  Gobiu,  ....  2-49 

Fluorspar,    318 

Parian  marble,     2-34 
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Peruvian  emerald,  . 2'78 

Jasper, '2'70 

Earths,  Sic. 

Carbonate  of  lime, 271 

Kock  crystal, 2  65 

Flint 2-09 

Sulphate  of  lime, 2-32 

Sulphate  of  soda, 2-20 

Common  salt 2'lo 

Native  sulphur 2u:! 

Nitre, 200 

Alabaster 1-87 

Phospliorns, 1-77 

Plumha-o, 1-86 

Alum 1'72 

Asphaltuni,   1.40 

Jet 1-21 

Coal,  from 1-24  to  1-30 

Sulphuric  acid, 1*84 

Nitric  acid, 122 

Muriatic  acid, l-t9 

Lkjuiils,  Oils,  iS"c. 
Equal  parts  by  weight  of  ivaler 
"     ■     "    ■  "...        -93 

•92 
•82 
•74 
•71 


liesins.  Gums,  ffc- 

Gum  arable  and  honey,  1'45 

Pitch 1-15 

Isinglass, I'll 

Yellow  amber 1'08 

Hen's  eg;g,  fresh  laid,. .  1'09 

Human  blood, 1'06 


Camphor,  . . 
White  wax, 

Tallow, 

Pearl, 


•99 

■97 

•94 

2-75 

Sheep's  bone, 2  '22 

Ivory, 1  92 

Ox's  horn, 1  84 

Wood. 

Lignum  vitae 1-33 

Ehony, M» 

Mahogany,  1  OG 

•93 
•85 
•84 
•60 
■50 
•38 
"24 


Dry  oak, 

Beech,  

Asli, 

Elm,  from    80  to 

Fir,  from 67  to 

Poplar, 

Cork, 

Gases. 

Chlorine, -00302 

Carbonic   acid  gas,  . .   '00164 

Oxygen  gas, '09134 

Atmiispheiic   air, •00121 

Azotic  gas, -00098 

Hydrogen  gas, -00008 


and  alcohol, 
Ice 

Strong  alcohol,. 
Sulpluiiic  a'lher 

Naphtha, 

Sea  water, 103 

Oil  of  sassafras, 1  t»9 

Linseed  oil, ^94 

Olive  oil, ^91 

Wliitesugar, 1^6l 

One  hundred  cubic  inches  of  chlorine,  carbonic  acid  gas, 
oxygen  gas,  atmosplieric  air,  azotic  gas,  and  hydrogen  gas, 
■weigh  respectively  76-2,  46'5,33  9,305,-29-6,  and  21  grains  troy. 
One  cubic  inch  of  distilled  water  at  the  ordinary  temperature 
of  62  degrees  Fahrenheit,  weighs  in  air  25-25  grains.  Hence  the 
weight  of  a  cylindrical  inch  of  water  weighs  1983  grains;  but 
the  same  measure  of  quicksilver  would  weigh  2G91  grains, 
which  affords  a  ready  metliod  for  ascerlaiuing  the  diameters  of 
very  narrow  or  capillary  glass  tubes. 

Since  the  avoirdupois  pound  contains  7001  grains  Troy, 
it  must  be  equal  to  the  weight  of  27,727  cubic  inches  of  water. 
Wherefore,  a  cubic  foot  of  water  weighs  62,3'22  pounds,  or 
almost  exactly  one  thousand  ounces  avoirdupois.  A  cubic  foot 
of  water  seems  to  have  anciently  corresponded  to  the  weight 
of  a  bushel  or  firlot  (fnurlldet)  of  wheat,  four  of  which  make  a 
boll,  eight  limes  this  a  ton,  and  the  double  of  this  again  a  chal- 
der.  The  ton  is  therefore  '2000  lbs.,  or  more  generally  reckoned 
twenty  hundred  weight,  each  hundred  consisting  of  112lb. 

The  weight  of  a  cable  of  7-20  feet,  or  1-20  fathoms  length, 
worked  up  from  strands  180  fathoms  long,  is  found,  by  multi- 
plying the  square  of  the  circumference  in  inches  by  19^  lb. 
The  square  of  half  the  diameter  will  hence  nearly  express  in 
pounds  the  weight  of  a  foot  of  cord.  A  chaldron  of  Newcastle 
coals  is  reckoned  equal  to  \\  ton  or  3024  lb.  the  bushel  being 
only  the  34th  part,  or  84  pounds  avoirdupois. 

When  the  specific  gravity  of  any  substance  is  known,  it  is 
easy  to  calculate  by  tlie  foregoing  tnJile  ofspecifie  gravities,  the 
weight  of  any  given  bulk  of  that  body,  as  the  figures  which 
denote  the  specific  gravity  denote  also  tlie  number  of  ounces 
avoirdupois  in  a  solid  foot;  the  figures  are  now  considered 
whole  numbers. 

Exam.  1.  Of  Lead.  What  is  the  weight  of  7  solid  feet  of  lead! 
Here  the  tabular  number  for  lead  is  11-352,  which  multiplied 
by  7  gives  79461;  and  this  divided  by  16,  liy  28,  and  4,  gives 
■44cwt.  1  qr.  11  lbs.  12  oz.  for  the  quotient  or  weight  of  7  solid 
feet  of  lead. 

2.  Of  Oak.  AVhatisthe  weight  of  48  solid  feet  of  oak?  From 
the  table  oak  is  found  to  contain  9-25  ounces  in  a  solid  foot ; 
therefore  925  x  48 -f-  16  by  28  and  4  gives  24  cwt.  Scjrs.  3  lbs. 
for  the  weight  of  48  feet  of  solid  oak. 

3.  Of  Cork.  What  is  the  weight  of  56  solid  feet  of  cork  ? 
Here  from  tlie  table  cork  weighs  240  ounces  every  solid  foot; 
therefore  240  x  56  -r  16,  by  28,  and  4,  gives  7  cwt.  2  qrs.  for  the 


answer.— This   subject   is   treated   hereafter  under   the   v^ord 
Hyukosta TICS,  and  the  article  Solid  Bodies  Floating  in  Fluid. 
GlvAVITY,  in  Music,  is  the  mo<!ilication  of  any  sound  by 
which  it  becomes  deep  or  low  in  respect  of  some  other  sound. 

GREAT  CiRCLii  Sailing,  the  manner  of  conducting  a  ship 
in,  or  rather  pretty  near  the  arch  of  a  great  circle,  that  passe.'? 
through  the  zenith  of  the  two  places,  vis.  from  whence  she 
came,  and  to  which  she  is  bound. 

GREEK  Fire,  an  invention  of  the  middle  ages,  which  for 
many  years  was  kept  a  secret  by  the  court  of  Constantinople, 
and  enabled  the  Greeks  for  a  time  to  resist  the  arms  of  the 
Mahometans.  It  was  employed  in  battles  by  land  ajid  sea, 
and  on  one  occasion,  was  the  means  of  destroying  a  fleet  em- 
ployed in  the  siege  of  Constantinople.  It  eontimied  to  burn 
under  water.  The  composition  is  now  unknown,  and  has 
ceased  to  be  an  object  of  interest,  from  the  invention  of  the 
more  formidable  fire  of  gunpowder.  It  is  thought  that  it  was 
made  of  asphalgum,  nitre,  and  sulphur. 

Greek  (.'Inu-ch.  In  the  eighth  century  there  arose  a  differ- 
ence betivcen  the  eastern  and  western  churches,  which,  in  the 
course  of  about  two  centuries  and  a  half,  ended  in  a  total 
separation.  The  Greek,  or  Eastern,  or,  as  it  is  sometimes 
called,  the  Russian  church,  spread  itself  over  the  eastern  parts 
of  Europe.  It  bears  a  considerable  resemblance  to  the  church 
of  Rome,  but  denies  the  infallibility  and  supremacy  of  the 
Pope:  it  rejects  also  the  worship  of  images,  and  the  doctrine 
of  consubstantiation,  or  the  union  of  the  body  of  Christ 
with  the  sacramental  elements.  The  administration  of  bap- 
tism is  performed,  as  in  the  case  of  Christ  himself,  St.  Matt/i. 
iii.,  or  of  Philip  and  the  Eunuch,  Acts,  ch.  viii.,  by  immersing 
the  whole  body.  The  Greek  church  has  the  same  division  of 
clergy,  and  distinction  of  ranks  and  offices,  with  'the  church 
of  Rome. 

GREEN,  one  of  the  original  colours  excited  by  the  rays  of 
light,  and  which  colour  depends  on  the  absorption  of  carbonic 
acid. 

GnEEN,  Brunsuich,  is  made  by  saturating  cold  water  with 
muriated  ammonia,  and  adding  three  times  as  much  copper 
clipping  as  ammonia.  The  moisture  is  to  be  evaporated, 
taking  care  that  no  dust  be  allowed  to  get  to  it.  The  muriate 
of  ammonia  is  decomposed  by  the  copper,  which  is  itself  cor- 
roded and  converted  into  a  green  oxide.  It  is  then  to  be 
digested  in  successive  portions  of  alcohol,  as  Ions  as  any  green 
oxide  is  taken  up;  the  solutions  are  now  to  be  added  together, 
and  the  licjuor  to  be  driven  off  by  a  moderate  heat;  the  resi- 
due is  tlie  pigment  required. 

Green  Cloth,  aboard  or  court  of  justice, held  in  the  counting 
house  of  the  king'  s  household,  composed  of  the  lord  steward 
and  oflicers  under  him,  who  sit  daily.  To  this  court  is  commit- 
ted the  charge  and  oversight  of  the  king's  household  in  matters 
of  justice  and  government,  with  a  power  to  correct  all  offend- 
ers, and  to  maintain  the  peace  of  the  verge,  or  jurisdiction  of 
tlie  court  royal ;  which  is  every  way  about  two  hundred  yards 
from  the  last  gate  of  the  palace  where  his  majesty  resides. 
Without  a  warrant  first  obtained  from  this  court,  none  of  the 
king's  servants  can  be  arrested  for  debt. 

GREENHOUSE,  or  conservatory,  a  house  in  a  garden  con- 
trived for  sheltering  and  preserving  the  most  tender  and 
curious  exotic  plants,  which,  iir  our  climate,  will  not  bear  to 
be  exposed  to  the  open  air  during  the  winter  season.  These  are 
generally  large  and  beautiful  structures,  equally  ornamental 
and  useful.  ^ 

GREGORIAN  Calendar,  that  which  shews  the  new  and  full 
moon,  will)  the  time  of  Easter,  and  the  moveable  feasts 
depending  thereon,  by  means  of  epacts,  disposed  through  the 
several  months  of  the  Gregorian  year. 

Gregorian  ii/;or/i,  the  epocha  or  time  whence  the  Grego- 
rian calendar  or  computation  took  place.  The  year  1826  is 
the  244th  year  of  that  epocha. 

Gregorian  I'cnr.  the  Julian  year  corrected  or  modelled  in 
such  a  manner  as  that  three  secular  years,  which  in  the  Julian 
account  are  bissextile,  are  here  common  years,  and  only  every 
fourth  secular  year  is  made  a  bissextile  year. 

The  Julian  computation  is  more  than  the  solar  year  by  eleven 
minutes,  which  in  one  hundred  and  thirty-one  years  amounts 
to  a  whole  day.     By  this  calculation  the  vernal  equinox  was 
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anticipated  ten  days  from  tlic  time  of  the  general  council  of 
Nice,  Iield  in  the  year  325  of  tlie  Christian  era,  to  the  time  of 
Pope  Gregory  Xlll.,  who  lliurcfore  caused  ten  days  to  be 
taken  out  of  Octnljcr,  iu  158'2,  to  make  the  equinox  tall  on  the 
twenty-first  of  March,  as  it  did  at  the  lime  of  that  council  :  and 
to  prevent  tlie  like  variation  for  the  future,  he  ordered  that 
three  days  should  be  abated  in  every  four  hundred  years,  by 
reducing  the  leap-year  at  the  close  of  each  century  for  three 
successive  centuries  to  common  years,  and  retaining  llie  leap- 
year  at  the  close  of  each  fourth  century  only.  This  is  not 
exactly  conformable  to  the  true  solar  year,  because  that  in  four 
hundred  years  it  gets  one  hour  and  twenty  minutes. 

GRENADE,  or  Gkknado,  is  a  kind  of  small  bomb  or  .shell, 
being  furnished  with  a  touch-hole  and  fuse,  and  is  thrown  by 
hand  from  the  tops.  Sec.  whence  they  are  most  generally  styled 
hmid-yvenadcs.  See  the  article  Engagement.  Tliuanus  ob- 
serves, that  the  first  time  grenadoes  were  used  was  at  the 
siege  of  Wacklindonck,  a  town  near  Gueldies;  and  that  the 
inventor  was  an  inhabitant  of  Venice,  who,  in  making  an 
experiment  of  the  cll'ect  thereof,  occasioned  two-thirds  of  that 
city  to  be  burnt,  the  fire  having  been  kindled  by  the  fall  of  a 
grenado.  The  best  way  to  secure  a  man's  body  from  the  ellect 
of  a  grenado  is  to  lie  Hat  down  on  the  ground  previous  to  its 
explosion. 

GREN.\ILLE,  a  preparation  of  copper,  which  the  Chinese 
use  as  a  red  colour  in  some  of  their  finest  china.  This  colour 
is  thus  obtained  :  when  copper  is  in  fusion,  water  is  sprinkled 
over  it,  and  a  pellicle  or  coat  forms  itself  on  the  surface  of  the 
copper,  which  is  taken  off  with  iron  pincers,  and  immediately 
llirown  into  a  vessel  of  cold  water,  where  it  forms,  by  prccipi- 
tati'ni,  the  red  cohiur  named  GrenaiUr. 

GKEYWACKE,  a  coarse  kind  of  slate,  which  has  been  so 
named  by  the  Germans.  It  is  thus  described  by  Dr.  Thompson: 
"Grcywacke  is  composed  of  grains  of  sand,  which  are  of  various 
sizes,  and  sometimes  even  approach  iu  mngniludc  to  rolled 
masses.  These  are  connected  together  by  a  basis  of  clay-slate, 
(connnon  slate,)  and  hence  this  rock  derives  its  grey  colour 
and  solidity.  Tliese  fragments  are  somelimcs  quartz,  some- 
times a  kind  of  indurated  clay-slate,  and  sometimes  llinty-slate. 
The  texture  of  grcywacke  becomes  gradually  finer  and  finer 
grained,  till  at  last  it  can  no  longer  be  perceived,  and  a  slaty 
structure  succeeds.  It  then  passes  into  grcywacke  slate. 
Grcywacke  slate  is  nothing  else  than  a  variety  of  clay-slate. 

GKIFFON,  ill  Heraldry,  an  imaginary  animal  feigned  by  the 
ancients  to  be  half  eagle  and  half  lion  ;  by  this  form  tliey  intend- 
ed to  give  an  idea  of  strength  and  snil'iness  joined  together, 
with  an  extraordinary  vigilance  in  guarding  the  things  intrust- 
ed to  its  care. 

GRINDING,  the  reducing  hard  substances  to  fine  powders, 
either  by  the  mortar,  or  by  way  of  levigation  upon  a  marble. 

GRIPE,  a  piece  of  timber  laced  against  the  lower  piece  of 
the  stern  froai  the  foremost  end  of  the  keel,  joining  with  the 
knee  of  the  head :  its  use  is  to  defend  the  lower  part  of  the 
stern  from  injury,  but  is  often  made  the  larger,  that  the  ship 
may  keep  a  good  wind.     See  the  article  Foukfoot. 

Gripe  «/' n  .SVi//),  is  the  compass  or  sharpness  of  her  stern 
under  water,  chiclly  towards  the  bottom  of  her  stern.  The 
design  of  shaping  her  so  is  to  make  her  gripe  the  more,  or  keep 
a  good  wind,  for  which  purpose,  sometimes  a  false  stern  is  put 
upon  the  true  one. 

GRIPES,  a  nmchiue  formed  by  an  assemblage  of  ropes, 
hooks,  and  dead-ejcs,  and  used  to  secure  the  boats  upon  the 
deck  of  a  ship  at  sea,  and  prevent  them  from  being  shaken  bv 
the  labouring  of  the  vessel.  The  hooks,  which  are  fastened  at 
their  ends,  are  fixed  in  ring  bolts  in  the  deck  on  each  side  of 
the  boat;  whence,  passing  over  her  middle  and  extremities, 
they  are  extended  by  means  of  the  dead  eyes,  so  as  to  render 
the  boats  firm  and  secure. 

GRIPING,  the  inclination  of  a  ship  to  run  to  windward  of 
ber  course,  particularly  when  she  sails  with  the  wind  on  her 
beam  or  quarter:  this  ellect  is  partly  occasioned  by  the  shock 
of  the  waves  that  strike  the  ship  perpetually  on  tin-  weather 
quarter,  and  force  the  stern  to  leeward  ;  but  principally  by  the 
arrangement  of  the  sails,  which  disposes  the  ship  continuaily  to 
edge  to  windward,  while  in  this  situation  of  sailing ;  in  such 
case  they  say,  she  gripes  or  is  griping. 


GRIT,  a  genus  of  argillaceous  earths,  with  a  texture  more  or 
less  porous,  equable  and  rough  to  the  touch.  It  neither  gives  fire 
with  steel  nor  elfcrvesces  with  acids.  When  fresh  and  breathed 
on,  it  exhales  an  earthy  smell.  Its  specific  gravity  varies  from 
20  to  2.C.  and  is  used  for  mill-slones  and  whet-stones,  and 
sometimes  for  filtering-stones  and  building. 

GROG,  a  general  name  for  any  spirituous  liquor  and  water 
mixed  together;  but  is  more  particularly  applied  to  rum  and 
water  cold  without  sugar. 

GROIN,  among  Builders,  is  the  angular  curve  made  by  the 
intersection  of  two  semi-cylinders  or  arches  ;  and  is  either 
regular  or  irregular: — regular,  as  when  the  intersecting  arches, 
whether  semicircular  or  semielliptical,  are  of  the  same  diame- 
ters and  heights, — and  irrer/ular,  when  one  of  the  arches  is 
semicircular,  and  the  other  semi-elliptical. 

GROMMET,  a  sort  of  ring  or  small  wreath  formed  of  a 
strand  of  rope  laid  in  three  times  round;  used  to  fasten  the 
upper  edge  of  a  sail  to  its  stay  in  diHercnt  places,  by  means  of 
which  the  sail  is  accordingly  hoisted  or  lowered.  Instead  of 
grommets,  hanks  have  been  lately  introduced.  See  the  article 
Hanks. 

GROSS,  in  law  books,  signifies  absolute  or  independent  on 
another:  thus  an  advowson  iu  gross  is  one  distinct  and  sepa- 
rate from  the  manor. 

Gross  Beah,  the  English  name  of  a  bird  called  by  authors 
loxia.     See  LoxiA. 

Gross  Weit/ht,  the  whole  weight  of  merchandises,  with  their 
dust  and  dross;  as  also  the  bag  or  chest  wherein  they  are  con- 
tained. An  allowance  is  usually  made  out  of  the  gross  weight 
for  tare  and  tret.    SVeTARt. 

GROTTO,  a  large  deep  cavern  or  den  in  a  mountain  or  rock. 

Groito  (/(/  f'line,  is  a  little  cavern  near  Pozzuoli,  two  miles 
from  Naples  ;  the  air  c<intained  in  it  is  of  a  mcphitical  or  nox- 
ious quality,  it  is  in  truth  carbonic  acid  gas.  The  vapour  rises 
only  to  a  certain  height.  When  a  dog  or  any  other  creature  is 
forcibly  kept  below  it,  or  cannot  hold  its  head  above  it,  it 
presently  loses  all  motion,  and  falls  down  in  a  swoon,  the 
limbs  convulsed  and  trembling,  till  at  last  no  more  signs  of  life 
appear  than  a  very  weak  and  almost  insensible  heating  of  the 
heart  and  arteries,  which,  if  the  animal  is  left  a  little  longer, 
(|uickly  ceases  too,  and  then  the  case  is  irrevocable  ;  but  if  it 
is  snatched  out  and  laid  in  the  open  air,  it  soon  comes  to  life 
again,  and  sooner,  if  thrown  into  the  adjacent  lake.  The  efiects 
are  produced  mcnly  by  carbonic  acid  gas,  which  accumulates 
at  the  bottom  of  the  grotto.  A  human  being  is  perfectly  safe, 
because  the  gas  rises  only  a  short  way  from  the  bottom  ;  but 
if  a  man  were  to  lie  down,  he  would  sull'er  in  the  same  manner 
as  a  dog. 

Grotto,  is  also  used  for  a  small  artificial  edifice  made  in  a 
garden,  in  imitation  of  a  natural  grotto.  The  oulsides  of  these 
grottos  are  usually  adorned  with  rustic  architecture,  and  their 
inside  with  shell-work,  coral,  &c.  The  following  is  a  good 
cement  for  grotto-work:  Take  two  parts  of  white  resin,  melt  it 
clear,  add  to  it  four  parts  of  bees-wax ;  when  melted  together, 
add  some  fiour  of  the  stone  you  design  to  cement,  two  or  three 
parts,  or  so  nutcli  as  will  give  the  cement  the  colour  of  the 
stone;  to  this  add  one  part  of  the  flower  of  sulphur;  first 
incorporate  all  together  over  a  gentle  fire,  and  afterwards 
knead  it  with  your  hands  in  warm  xvatcr.  AVitli  this 
fasten  the  stones,  shells,  &c.  after  they  are  well  diicd,  and 
warmed  before  the  fire. 

GROUND,  in  Painting,  the  surface  upon  which  the  figures 
and  other  objects  are  represented.     See  Painting. 

GROL'NDING,  the  act  of  laying  a  ship  on  shore,  in  order  to 
bream  or  repair  her :  it  is  also  applied  to  running  aground 
accidentally  when  under  sail. 

GROl'ND  Tackle,  a  general  name  given  to  all  sorts  of 
ropes  and  furniture  which  belong  to  the  anchors,  or  which  are 
employed  iu  securing  a  ship  in  a  road  or  harbour ;  as  cables, 
anchors,  bow-lines,  &c. 

GROUP,  in  Painting  and  Sculpture,  is  an  assemblage  of 
two  or  more  figures  of  men,  beasts,  fruits,  or  the  like,  which 
have  some  apparent  relation  to  each  other. 

Group,  in  Music,  one  of  the  diminutions  of  long  notes,  which 
in  working  form  a  sort  of  group,  knot,  or  bush. 

GROUSE,  a  species  of  the  Tetrao. 
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Culm. 

Month. 

Culm. 

Month. 

Culm. 

ho.   mi.  .sec. 

!io.  mi.  sec. 

ho.   mi.  sec. 

3     10     10 

May 

lU     2 1     34 

Sept. 

U     15       0 

0     5S     20 

June 

17     19       4 

Oct. 

9     27     !2 

23       5     4.-. 

July 

15     15       9 

Nov. 

7     31     14 

21     12     35 

Aug. 

13     10     44 

Dec. 

5     27     48 

GROWING,  implies  the  direction  of  tlie  cable  from  the  sliip 
towards  the  ancliors,  as,  llie  cable  grows  oo  the  starboard-bow, 
i.  «.  stretches  out  forwards  towards  the  board  or  lis'it  side. 

GRUB,  the  name  of  worms  produced  from  the  ef;;;s  of  bee- 
tles, which  are  at  length  transformed  into  winged  insects  of 
the  same  species  with  tlieir  parents. 

GRUS,  the  CuANE,  contains  thirteen  stars,  viz.  one  of  the  2d 
magnitude,  two  of  the  3d,  and  two  of  the  4th  ;  and  the  whole 
constellation  culminates  with  C\}:nus  and  Aquarius,  but  no 
part  of  it  is  visible  in  our  latitudes.  /3,  the  brilliant  in  the 
eastern  wing  of  the  Crane,  and  of  the  2d  magnitude,  has 
XXI  ho.  5Gmi.  5S  sec.  right  ascension  in  Time;  (Arm.  Vai-. 
3".84,)  and  47°  48'  Stj"  declination  south,  (Ann.  Vai:  —  17".15.) 
This  star  culminates  for  the  1st  of  each  month  in  the  year, 
agreeably  to  the  following  table,  rectified  for  1822  in  astrono- 
mical time. 
Month. 

Jan. 
Feb. 
Mar. 
April 

GRYLLOTalpa,  the  Mole  Cricket,  a  species  of  grjllus  with 
the  anterior  feet  palmated. 

GRYLLUS,  in  Natural  History ,the  Locust,  Grasshopper,  and 
Cricket,  a.  genus  of  insects  belonging  to  the  order  hemiplera,  of 
which  there  are  61  species.  Among  the  most  nuincruus  species 
is  the  gryllus  migratorius  of  Linnajus,  or  coraraoii  migratory 
locust.  Legions  of  these  animals  are  from  time  to  time  ob- 
served in  various  parts  of  the  world,  where  the  havock  they 
commit  is  almost  incredible  :  whole  provinces  are  in  a  manner 
desolated  by  them  in  the  space  of  a  few  days,  and  the  air  is 
daikened  by  their  numbers;  nay,  even  when  dead,  they  are 
still  terrible  ;  since  the  putrefaction  aiising  from  their  incon- 
ceivable iiumher  is  such  that  it  has  been  regarded  as  one  ol  the 
probable  causes  of  pestilence  in  the  eastern  regions.  One  of 
the  largest  species  of  lucust  yet  known  is  the  (/rylhis  crislahts 
of  Linn;Bus,  five  or  six  times  the  size  of  the  gryllus  migrato- 
rius ;  and  together  with  some  others  of  the  large  kind,  is  made 
use  of  in  various  parts  of  the  world  as  an  article  of  food.  The 
gryllus  viridissiniits  of  Linn;cus,  one  of  the  largest  European 
species,  is  often  seen  during  the  decline  of  summer  in  our 
owncounfry. 

GUANO,  a  substance  found  on  many  of  the  small  islands  in 
the  South  Sea,  which  are  the  resort  of  numerous  Hocks  of  biids, 
particularly  of  the  ardea  and  plucnicopterus  genus.  It  is  dug 
from  beds  fifiy  or  sixty  feet  thick,  and  used  as  a  valuable  ma- 
nure in  Peru,  chiefly  for  Indian  corn. 

GUARD,  in  a  general  sense,  signifies  the  defence  or  preser- 
vation of  any  thing  ;  the  act  of  observing  what  passes,  in  order 
to  prevent  surprise;  or  the  care,  precaution,  and  attention,  we 
make  use  of,  to  prevent  any  thing  happening  contrary  to  our 
intention  or  inclinations. 

GiiARD,  in  the  Military  art,  is  a  duty  performed  by  a  body  of 
men,  to  secure  an  army  or  place  from  being  surprised  by  an 
enemy.  In  a  garrison  the  guards  are  relieved  every  day,  and 
it  comes  to  every  soldier's  turn  once  in  three  days. 

Guard,  Advanced,  is  a  parly  of  either  horse  or  foot,  that 
marches  before  a  more  considerable  body,  to  give  notice  of 
any  approaching  danger. 

Gl'aud,  Artillery,  is  a  detachment  from  the  army  to  secure 
the  artillery. 

Guard,  Main,  that  from  whence  all  the  other  guards  are 
detached. 

Guard,  Piquet,  a  good  number  of  horse  and  foot,  always  in 
readiness  in  case  of  an  alarm  ;  the  horses  are  all  the  time  sad- 
dled, and  the  riders  booted. 

Guard  Boat,  a  boat  appointed  to  row  the  rounds  among  the 
ships  of  war  in  any  harbour,  to  observe  that  their  officers  keep 
a  good  look-out. 

Guard  Ship,  a  vessel  to  superintend  the  marine  affairs  in  a 
harbour  or  river,  and  to  see  that  the  ships  which  are  not  com- 
missioned have  their  proper  watch  duly  kept. 

Guard,  in  Fencing,  is  a  posture  proper  to  defend  the  body 
from  an  enemy's  sword.  There  arc  several  guards  of  the 
sword,  but  they  may  all  be  reduced  to  four ;  to  form  a  perfect 


idea  of  which,  we  must  suppose  a  circle  drawn  na  a  wall,  and 
divided  into  four  cardinal  pans,  riz.  top  and  bottom,  right  and 
left.  When  the  point  of  tlie  sword  is  directed  to  the  bottom 
of  the  circle,  with  the  hilt  opposite  to  its  top,  the  body  inclining 
very  forward,  this  is  called  the  prime  or  lirst  guard-  The 
second  guard  is  when  the  point  is  directed  to  the  right  or  se- 
cond point  of  the  .same  circle,  with  the  hilt  of  the  sword  turned 
to  the  left,  and  the  body  proporlionably  raised.  The  tierce,  or 
third  guard,  is  when  the  point  of  the  sword  is  raised  to  the 
uppermost  part  of  the  same  circle,  in  which  case  the  body,  the 
arm,  and  the  sword  are  in  their  natural  position,  and  in  the 
mean  of  the  extremes  of  their  motion.  'I  he  quart,  or  fourth 
guard,  is  when  the  point  of  the  swoid  is  directed  to  the  fourth 
point  of  the  circle,  descending  to  the  right  as  far  as  one-fourth 
of  the  tierce,  with  the  outward  part  of  the  arm  and  the  flat  of 
the  sword  turned  towards  the  ground,  and  the  body  out  of  the 
line  to  the  right,  and  the  hilt  of  the  sword  towards  the  line  to 
the  left.  There  is  also  a  quint,  or  fifth  guard,  which  is  only  the 
return  of  the  point  of  the  sword  to  the  right,  after  traversing 
the  circle  to  the  point  of  the  prime,  from  whence  it  had  depart- 
ed, with  a  dilierent  disposition  of  the  body,  arm,  and  sword. 
The  common  centre  of  all  these  motions  ought  to  be  in  the 
shoulder. 

GuAitD-/)(i}i,v,  curved  bars  of  irons  placed  over  the  orna- 
mental figures  of  a  ship's  head  or  quarter,  to  defend  them  from 
injury. 

GUARDI.\N,  in  Law,  is  one  appointed  to  take  care  of  a  per- 
son and  his  ali'airs,  who  by  legal  imbecility  and  want  of  under- 
standing, is  incapable  of  acting  for  his  own  interest.  Guardian 
by  nature,  is  the  father  or  mother;  and  by  the  common  law 
every  father  has  a  right  of  guardianship  of  (he  body  of  his  son 
and  heir  until  he  attains  to  the  age  of  21  years.  This 
guardianship  extends  no  farther  than  the  custody  of  the  infant's 
person.  The  father  may  disappoint  the  mother,  and  other 
ancestors,  of  the  guardianship  by  nature,  by  appointing  a  tes- 
tamentary guardian. 

GUARDIA.N,  by  the  Common  Law,  or  Guardian  in  Saccaye, 
naay  be  thus  explained.  If  a  tenant  in  soccage  die,  his  heir 
being  under  14,  the  next  of  blood  to  the  heir,  to  whom  the 
inheritance  cannot  descend,  shall  be  guardian  of  his  body  and 
land  till  14  ;  the  heir  after  14  may  choose  his  own  guardian, 
who  shall  continue  till  he  is  21.  The  guardians  in  soccage 
are  to  transact  all  affairs  in  their  own  name,  and  not  in  the 
name  of  the  infant. 

Gv  MiliiAS  by  Statute, orTeslamentary  Guardian,  By  the  statute 
12  C.  II.  c.  24.  a  father  may,  by  deed  or  will,  attested  by  two  wit- 
nesses, appoint,  dispose  of  the  custody  of  his  child,  born  or  un- 
born, to  any  person  except  a  popish  recusant  convict,  either  in 
possession  or  reversion,  till  such  child  attain  21.  This  guardian 
supersedes  the  guardian  in  soccage,  and  has  all  actions  which 
that  guardian  might  have  had.  Besides  which  he  has  the  care 
of  the  estate,  real  and  personal.  A  father  cannot,  under  this 
statute,  appoint  one  to  his  natural  child.  The  chancellor, 
however,  will  upon  application  appoint  the  same  person 
guardian. 

GiiARDiANS  by  custom  are  appointed  in  the  city  of  London, 
ill  the  county  of  Kent,  and,  with  respect  to  copyhold  lands,  in 
some  manors. 

GttARDiAN,  in  Chivalry,  is  obsolete,  but  extended  to  twenty- 
one  years. 

Guardian,  by  appointment  of  the  lord  chancellor.  The  court 
of  chancery  is  the  only  proper  court  that  has  jurisdiction  in 
appointing  and  removing  guardians,  and  in  preventing  them 
and  others  from  abusing  the  persons  or  estates.  The  court 
determines,  as  to  the  right  of  guardianship,  who  is  the  next 
of  kin,  and  who  the  most  proper  guardian  ;  as  also  orders  arc 
made  on  petition  or  motion  for  the  provision  of  iid'ants  during 
any  dispute  therein  ;  as  likewise  guardians  removed  or  com- 
pelled to  give  security  ;  they  and  others  punished  for  abuses 
committed  on  infants,  and  cllectual  care  taken  to  prevent  any 
abuses  intended  them  in  their  persons  or  estates.  .\ll  court.s 
of  justice  appoint  guardians  to  infants,  to  see  and  prosecute 
tlieir  rights  in  their  respective  courts  when  the  occasion  calls 
for  it.  There  arc  also  some  cases  where  an  infant  may  elect 
a  guardian,  and  the  court  of  chancery  allows  him  to  do  so 
after  14. 
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GvARDi  AS  of  the  Spiritualties,  is  he  to  whom  the  spiritual 
jurisdictioQ  of  any  diocese  is  coinmitled  during  the  vacancy 
of  the  see. 

GUDGEONS,  in  Machinery,  having  all  the  weight  on  the 
shaft  to  support,  ought  to  be  made  sufhciently  strong  for  that 
purpose;  while,  to  avoid  unnecessary  friction,  they  should  he 
made  as  small  in  diameter  as  possible,  consistently  with  the 
requisite  strength  and  durability.  Wrought  iron  being  stronger 
than  cast  iron  in  about  the  ratio  of  7  to  5,  will  bear  a  greater 
weight;  yet,  cast  iron  being  cheaper,  and  more  easily  shaped, 
is  more  frequently  employed  for  gudgeon.s. 

Rides  for  the  Gudyeniu  ifWater-uheeh. — 1.  The  cube  root  of 
the  weight  of  a  water-wheel  in  hundred  weiyhts,  is  nearlv  e(|uiil 
to  the  diameter  in  inches,  of  a  cnst-iron  gudgeon  suflicicntly 
strong  to  support  such  wheel.  2.  For  wooden  water-wheels, 
multiply  the  diameter  in  feet  by  the  width  also  in  feet,  to  which 
add  the  square  o(  half  the  diameter:  the  cube  root  of  the  sum 
will  be  nearly  equal  to  the  diameter  of  the  gudgeon  in  inches. 

These,  of  course,  must  be  regarded  as  approximations:  but 
it  has  been  inferred  from  several  experiments,  that  gudgeons 
of  the  same  size,  of  cast  and  of  wrouglit  iron,  are  capable,  at  a 
medium,  of  sustaining  weights  without  tiexurc,  in  the  propor- 
tion of  9  to  14.  Upon  this  principle  has  been  computed  the 
following  table,  to  shew  the  proportionate  diameters  of  cast- 
iron  and  wruughl-iron  gudgeons. 

Table  of  Cast  and  Wrought  Iron  Gud.jeons. 

2  3  4 


Diameter 

Cube  of  diameter  of  cast- 

Cube    of   diameter 

Di.imeter 

ofcast-iron 
gudgeons 

iron  guilgeons,  or  the 
cwls.  which  the  gudg- 

of wrougbt  iron 
gndgeons. 

of  wrought  iron 
gudgeons  in 

in  inches. 

eons  may  sustain. 

inches  and  parts. 

1- 

I- 

•6428."j7l 

•863054 

1-25 

1-9.53125 

1-2555803 

l-06334t) 

15 

3.375 

2- 16964-27 

1-259921 

1-76 

5-359375 

.3-44.53 1-25 

1-5148-25 

2- 

8- 

5-14-28.171 

1-709970 

2  2o 

11-400625 

7-3289732 

1-9129,33 

25 

15-625 

10-0446428 

2 154435 

27-. 

20-796875 

13-3694196 

2-3513.3.5 

3 

27- 

17-3571428 

2  571282 

325 

34-328125 

22  0670803 

2-802039 

3-6 

42-875 

27-56-25 

3-018294 

375 

52-734375 

33-9006690 

3-2.39612 

4- 

64- 

41-14-28571 

3-448217 

4-2 

76-765625 

49-3493303 

3-659300 

45 

91-125 

58-5803571 

3-8819.30 

4-7 

107-171875 

68-896 

4 101566 

5- 

125- 

80-337 

4-308870 

6-25 

144-763125 

93-023 

4-530655 

6-3 

166.375 

106-9.55 

4-747459 

5-75 

190-109375 

122-213 

4-959675 

6- 

216- 

138-857 

5180101 

(5-25 

244-140625 

156-948 

5-394690 

6-5 

274-625 

176  545 

5-609376 

675 

307-546875 

197-709 

5-828476 

7- 

3i:i- 

220-500 

6041.377 

7-25 

381078125 

244-979 

6-257324 

7-5 

421-875 

27 1  -205 

6-471-274 

7-73 

465-484375 

299-240 

6-080882 

8- 

512- 

329-113 

6-903436 

8  25 

561 -.51 5625 

360-975 

7-120.367 

85 

61 4- 1-25 

394  795 

7-337234 

8  75 

669  921875 

4;iO-66t 

7.553688 

9- 

729- 

468-643 

7  769402 

9-25 

791-453125 

508-791 

7-984344 

95 

875-375 

562  741 

8257263 

9  75 

926-859375 

695-8.37 

8-413541 

10 

1000- 

642857 

8-031103 

10-25 

1076  890625 

692-287 

8-84.5085 

HV5 

Il.'i7-6-25 

744  187 

9-06l.-i09 

10  75 

1242  296875 

798619 

9-27!>.-i08 

11- 

1331- 

855-64;i 

9-493599 
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Explanation  of  the  Table  of  Cast-iron  and  Wrought  iron  Gud- 
geons.— Column  1  and  2  are  the  same  as  those  calculated  for 
cast-iron  gudgeons.  Column  3  eoniains  numbers  in  the  pro- 
portion of  9  to  14  less  than  tliosc  in  column  2.  ('■•iliimn  4  con- 
tains the  cube  root  of  column  3,  or  the  diameters  of  wi0M:'.lit- 
iron  gudgeons,  having  the  same  strength  as  those  of  cast-iron 
in  column  I. 

Use  </  the  Table. — Example.  To  find  the  dinmcter  of  a 
wrought  iron  gudgeon  of  the  same  slren',;th  with  one  of  cast- 
iron  of  3  inches  diameter.  Look  on  the  1st  column  for  3,  and 
on  the  same  line  in  the  4th  column  will  be  found  2-.571282.  that 
is,  a  little  more  than  25  inrh'-s.  the  diameter  required  of  the 
wrought-iron  gudgeon.  The  numbers  in  the  3d  colunm,  being 
the  cube  of  those  in  the  4th,  another  use  may  be  made  of  this 
part  of  tlie  table.  For,  supposing  the  4th  column  to  represent 
cast-iron  gudgeons,  the  3d  column  will  represent  the  hundred 
weights  which  cast  iron  gudgeons  of  those  diameters  should 
sustain. 

GUIACUM,  or  Gi'aiaccm,  is  a  gum  re«in,  exfrarfrd  from  a 
West  Indian  tree  called  the  guaiacum  ofiicinale.  A  part  is  solu- 
ble in  water,  the  rest  in  alcohol.  It  is  used  in  syphilis,  and 
other  complaints  ;  chielly  in  rheumatism,  dissolved  in  ammonia. 

GUILD,  or  Gild,  a  fraternity  or  company.  Among  the 
Saxons  the  law  enacted,  that  every  freeman  of  14  years  of  age 
should  find  securities  to  keep  the  peace,  or  be  committed  : 
upon  which  the  neighbours  entered  into  an  association,  and 
licramc  bound  for  each  other,  cither  to  produce  him  who  com- 
mitted any  olTcnce,  orio  make  satisfaction  to  the  injured  party, 
in  order  to  which  they  raised  a  sum  among  themselves,  which 
they  put  into  a  common  stock.  These  guilds  are  now  compa- 
nies, with  laws  and  orders  made  by  themselves,  by  the  license 
of  the  prince. 

GUINEA,  a  gold  coin  struck  in  Enirland.  The  pound  weight 
troy  of  gold  is  cut  into  44  parts  and  a  half,  and  each  part  makes 
a  guinea,  which   is  therefore  equal  to  j!,lb.  or  IJoz.  or  3  dwts. 

GUITAR,  or  Gcitarua,  a  musical  instrument  with  five 
double  rows  of  strings,  of  which  those  that  are  bass  are  in 
the  middle. 

GUM, a  thick  transparent  tasteless  fluid,  that  exudes  from 
certain  species  of  trees.  It  is  adhesive,  and  gradually  hardens 
without  losing  its  transparency.  Gum  is  chielly  obtained  from 
dill'ercnt  species  of  the  mimosa,  particularly  M.  Nilotiea,  a 
native  of  Egypt  and  Arabia,  whicli  is  known  by  the  name  of 
gum  arabic.  The  specific  gravity  of  gum  is  about  1.4.  It  is 
not  changed  by  exposure  to  the  air,  but  is  deprived  of  its  colour 
by  the  action  of  the  sun.  By  heat  it  becomes  soft,  and  is  spee- 
dily reduced  to  the  stale  of  charcoal,  which  enters  largely  into 
its  composition.  The  constituent  parts  of  gum  are  carbon,  hy- 
drogen, and  oxygen,  with  smaller  proportions  of  nitrogen 
and  lime.  The  oxygen  is  much  less  in  quantity  than  the  sac- 
charine matter. 

Gum  readily  dissolves  in  water,  and  the  solution,  which  is 
thick  and  adhesive,  is  known  by  the  name  of  mi:rilii':p.  It  is 
soluble  also  in  the  vegetable  acids.  Sulphuric  acid  dt  composes 
it,  and  converts  it  into  water,  acetic  acid,  and  chnrc-oal.  With 
the  assistance  of  heat,  muriatic  acid  and  nitric  acid  produce  a 
similar  cllect.  It  is  insoluble  in  alcohol  and  ether,  ^uvh  arc 
the  chief  properties  of  gum  arabic. — There  are,  besides  this, 
other  'vunis,  of  wliirli  tlie  principal  is  denominated  tragacanth, 
from  the  astragalus  tragacantha,  a  native  of  the  island  of  Crete, 
which  is  in  the  form  of  vermicular  masses;  it  is  less  transpa- 
rent and  more  adhesive  than  gum  arabic.  In  our  gardens  and 
orchards,  we  find  gum  exuding  from  the  cherry  and  plum 
trees,  which  dill'ers  chictly  from  gum  arabic  in  being  softer  and 
more  soluble.  Gum  in  a  state  of  mucilage  exists  in  the  roots 
and  leaves  of  a  number  of  plants.  It  is  most  abundant  in  bul- 
bous roots,  ,->nd  of  llu-se  the  h\acinth  seems  to  contain  the 
largest  quantity.  A  pound  of  the  bulbs  of  this  root,  when 
diied,  yields  four  ounces  of  a  powder,  which,  when  macerated 
in  water,  gives  a  mucilage  that  acts  well  as  a  moidant  for 
fixing  the  colours  in  calico  printing.  Gum  is  used  in  medicine, 
and  is  considered  as  a  specific  against  the  strangury  occasion- 
ed by  blisters  ;  it  constitutes,  under  particular  forms,  a  nutri- 
tious food,  and  il  is  an  important  article  in  the  manufacture 
of  ink. 
5  o 
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GlM  Resins,  are  certain  substances  tliat  liave  been  used  in 
medicine.  Tliey  arc  all  solid,  generally  brittle  and  opaque, 
liave  a  strong  smell,  and  a  pungent  and  bitier  taste.  They 
consist  cliielly  of  gum  and  resin,  the  proportions  varying  with 
the  particular  substance.  They  are  procured  by  wounding  the 
plants  which  contain  them.  The  principal  of  the  gum  resins 
are,  1.  Ammoniac.  2.  Asafoetida.  3.  Euphorbiuni.  4.  Gal- 
banum.  5.  Gamboge.  6.  Myrrh.  7-  Oppoponax.  8.  Sapa- 
penum,  supposed  to  lie  had  from  the  ferula  persica.  All 
the  gum  resins  which  have  been  analyzed  have  been  found  to 
contain  ammonia. 

GUN.  called  hy  the  general  name  of  Cannon,  (see  that  arti- 
cle,) and  distinguished  by  the  epithet  '  great  gun'  from  the  small 
guns,  firelocks,  muskets,  blunderhusses,  &c.  See  the  Plate  of 
Guns. 

A  truly  fortified  great  iron  gun  ought  to  measure  eleven  dia- 
meters of  the  bore  at  the  circumference  of  the  base  ring,  nine 
diameters  at  the  trunnions,  and  seven  at  the  circumference  of 
the  nmzzle  ring. 

A  truly  fortified  great  brass  gun  shonld  measure  two  diame- 
ters less  at  each  place  of  measurement  than  the  iron  gun  ; 
that  is  to  say,  nine  diameters  of  the  bore  at  the  circumference 
of  the  base  ring  ;  seven  at  the  trunnions,  and  five  at  the  muzzle 
ring. 

In  order  to  discover  when  a  gun  quadrates  or  hangs  well  in 
the  carriage,  it  ought  to  measure  in  length  seven  times  her  own 
diameter  at  the  vent ;  the  trunnions  ought  lo  be  placed  at  the 
distance  of  three  diiimeters  from  the  base  ring;  then  there  will 
remain  four  diameters  in  distance  from  the  muzzle. 

In  order  to  discover  whelher  the  carriage  is  proper,  and  of 
due  length  for  the  gun,  it  ought  to  be  five-eighths  the  length  of 
the  gun,  and  then  the  eye  will  easily  discover  if  it  be  wide 
enouiih,  and  high  enough,  or  too  high. 

To  dispart  a  gun,  in  order  to  take  proper  aim  at  the  given 
object,  insert  a  priming  wire  into  the  vent,  and  let  it  touch 
the  lower  part  of  the  metal  of  the  bore  ;  mark  the  wire  close  to 
the  vent,  take  it  out,  and  rest  it  on  the  lower  metal  of  the  rose 
at  the  muzzle,  and  the  distance  between  the  niuzzle-ring  and 
marked  part  of  llie  wire  is  the  height  of  the  dispart. 

In  order  to  find  the  thickness  of  the  metal  at  the  vent,  trun- 
nions, and  muzzle,  take  the  diameter  of  the  gun  at  the  vent,  and 

lay  it   down  thus  | |  ,  which  will  expiess  the   diameter; 

then  insert  a  priming  wire  into  the  vent,  and  let  it  restoii  the 
lower  metal  ;  maik  it  close  to  the  vent,  and,  taking  it  out,  lay 

tlie  mark  on  the  line  of  the  diameter,  thus  :     | | )  . 

Crook  then  the  end  of  the  viire  a  little,  that  it  may  enter  the 
vent,  and,  inserting  it  a  second  time,  turn  it  round  till  it  catch- 
es the  upper  metal  of  the  bore  ;  then  mark  it  again  close  to  the 
vent,  set  off  the  dislance  on  the  same  line  of  the  diameter,  and 
mark  how  far  it  reaches  from  the  end  of  the  line,  thus; 

A  B  A 

I 1 I ■  1 

Then  will  A  and  A  represent  the  thickness  of  the  metal,  and 
B  the  bore  of  the  gun  ;  and  if  the  portions  \,  A  of  the  line  are 
equal  to  each  other,  the  thickness  of  the  metal  is  equal,  and,  of 
course,  the  gun  centrally  bored.  Girt  then  the  gun  at  the  trun- 
nions with  wa\ed  _t«ine.  and  if  it  measures  nine  diameters  of 
the  bore,  the  gini  is  so  far  truly  fortified.  Obseiving  the  same 
operation  at  the  muzzle,  where  it  is  lo  measure  seven  diame- 
ters, the  process  is  complete. 

In  order  to  discover  wlielher  a  gun  is  truly  bored,  take  a 
spare  sponge  stall,  and  fi.\  on  it  a  rammer-head,  strike  a  chalk- 
line  on  it,  (mm  one  end  to  the  other,  and  put  it  into  the  gun  as 
far  as  it  will  go,  keeping  the  chalk  line  uppermost,  and  exactly 
in  the  centre  ;  then  prick  down  the  vent  with  a  priming  wire, 
and  if  you  find,  on  taking  out  the  rammer,  you  have  pricked 
into  the  chalk-line,  you  may  reasonably  conclude  the  gun 
is  truly  bored  ;  but  if  you  miss  the  chalk  line,  that  it  is  not. 

In  order  to  discover  wh(;n  a  gun  is  hon(\v-coml>ed,  take  a 
spring  searcher  with  live  prongs  and  n  reliever:  muzzle  the 
searcher,  and  ram  it  home  in  the  gun  ;  lake  olfthe  reliever,  and 
keep  turning  the  searcher  backwards  and  forwards  ;  you  will 
easily  discover  whether  it  catches;  when  it  does,  mark  the 
stall' close  to  the  muzzle;  then  turn  the  searcher  aiiain  a.s  be- 
fore, and  whenever  it  catches  again,  mark  the  stall'  as  in  the 


former  instance  ;  so  that  by  laying  the  staff  when  drawn  out 
on  the  outside  of  the  gun,  you  may  nearly  judge  where  the 
honey-combs  arc. 

In  order  to  discover  the  depth  of  the  honey-combs,  take  a 
searcher  with  one  prong  and  a  reliever :  arm  the  end  of  the 
prong  with  wax,  then  ram  it  home  in  the  gun  :  take  oil'  the  re- 
liever, and  turn  the  searcher  till  it  catches  ;  then  will  the  im- 
pression made  in  the  wax  shew  the  shape  and  depth  of  the 
honey-comb. 

If  the  honey-comb  on  either  side  or  on  the  lower  metal 
between  the  breech  and  the  reinforce  ring  is  three-tenths  of  an 
inch  deep,  the  gun  is  to  be  condemned  ;  if  on  the  upper  metal, 
four-tenths  ;  if  on  any  part  without  or  beyond  the  reinforce 
ring,  five-tenths  are  sufficient. 

N.  B.  A  most  ingenious  instrument,  invented  by  the  late 
General  Desaguliers,  and  since  brought  to  the  greatest  perfec- 
tion, has  totally  superseded  the  use  of  this  contrivane^e.  All 
guns  intended  for  sea  service  are  now  previously  examined  by 
proper  officers  helonging  to  the  ordnance  board,  who,  by  means 
of  this  instrument,  being  able  to  ascertain  with  the  greatest 
precision  the  state  and  defects  of  any  gun,  after  a  very  short 
examination,  of  course  reject  all  those  which,  either  from  natu- 
ral defect  or  subsequent  injury,  appear  unlit  for  his  majesty's 
service. 

To  discover  whelher  a  gun  is  sound  or  cracked,  strike  a 
smart  blow  on  it  with  a  hammer  :  if  it  rings  clear,  it  may  be  con- 
cluded the  gun  is  sound  ;  if  it  jars,  or  emits  a  hoarse  sound,  it 
is  most  probable  the  gun  is  cracked.  Or  the  following  method 
may  be  taken  :  stop  the  vent,  and  take  a  piece  of  touchwood  ; 
put  it  into  the  gun,  and  stop  the  muzzle  securely  ;  let  the 
touchwood  remain  in  the  gun  four  or  five  minutes:  if  the  gun 
is  cracked,  the  touchwood  will  burn  out;  if  the  gun  is  sound, 
it  will  be  extinguished. 

In  fitting  a  shot  to  a  gun,  divide  the  diameter  of  the  bore 
into  twenty  equal  parts,  and  the  diameter  of  the  shot  ought  lo 
be  nineteen  of  those  parts. 

'U'ith  respect  to  the  proper  proportion  of  powder,  eighteen- 
pounders  and  all  inferior  calibers  require  half  the  weight  of 
the  shot  ;  for  all  above,  there  are  certain  rules  to  find  the  proper 
proportion  by. 

In  order  to  secure  a  gun,  if  it  break  loose,  cut  down  the  ham- 
mocks, trip  the  gun,  and  lash  it  to  the  ringbolts  of  the  side  till 
fine  weather.  To  clear  it  when  a  bit  is  hrokeii  in  it,  draw  the 
gun,  and  sprinkle  powder  with  a  ladle  from  the  breech  to  the 
muzzle  ;  this  done,  drive  in  a  tight  tompion  with  a  small  score 
in  it,  and  blow  the  gun  oil'. 

If  a  shot  has  fetched  way  in  the  gun,  in  order  to  secure  it, 
damp  the  powder  or  split  the  tompion  :  tiien  insert  a  rope 
sponge  of  a  small  size,  and  drive  the  wad  home. 

If  in  loading  the  gun  the  shot  slicks  by  the  way,  and  if,  in 
firing  it,  it  splits,  and  you  cannot  draw  the  gun;  in  order  to 
free  it,  the  powder  nuist  he  damped,  and  while  that  is  soaking 
so  i.e  powder  must  be  mealed,  and  the  g:in  primed,  getting  as 
much  powder  dowi.  the  touch-hole  as  |)ossib!e  ;  then  the  gun 
must  be  fired  ofi'. 

When  a  ship  is  going  to  sea  immediately,  the  articles  which 
should  be  really  for  action  are,  the  powder  filled,  the  powder- 
horns  and  partridge  or  grape  shot  hetween  the  guns,  h:immered 
shot  in  the  buckets,  crows  and  hand-crows,  levers  at  the  guns  ; 
nets  and  cheeses  of  wads  fore  and  aft;  the  match-tubs  in  their 
proper  places,  the  matches  ready,  the  lockers  full  of  shot,  the 
spare  tackles  and  breechings  ready,  wet  swabs  at  the  door  of 
the  magazine  and  heads  of  the  ladders  ;  the  boxes  of  hand-gre- 
nades ready  for  the  tops. 

The  thickness  of  the  metal  of  a  gnu  at  the  vent  should  be  one 
diameter  and  a  quarter  of  the  bore  :  in  an   engagement,   therey 
should  be  one  man  to  every  live  hundred  weight  of  metal. 

The  pointing  of  a  gun,  so  as  to  strike  distant  objects,  de- 
pends on  two  things,  viz.  1.  Tracing  on  the  outside  of  tlie  piece 
a  visual  line  par-.illel  to  the  axis,  which  is  called  disparting, 
and  is  performed  by  taking  half  the  dillerence  of  the  diameters 
of  the  muzzle  and  hase-ring  and  setting  it  perpendicularly  on 
the  muzzle-ring  directly  over  the  centre:  for  then  a  line  which 
passes  from  that  point  in  the  base-ring,  will,  when  the  piece  is 
truly  bored,  be  parallel  to  its  axis.  2.  The  other  operation  is 
the  determining  the  allowa^icc  to  be  made  in  distant  shot  for 
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(he  iiiourvalion  of  the  flight  of  the  b'lllet  ;  this  is  greater  or  less 
(lateiis  jiuribus)  according  to  tlie  difl'erent  charges  of  powder 
made  use  of. 

N.  U.  The  foregoing  principles,  remarks,  &c.  are  applical)le 
chiedy  to  marine  artillery,  or  sea  batteries;  the  details  to  be 
found  under  the  words  Cannon,  Cannonadr,  &c.  will  be  read 
to  advantage,  in  conjunction  with  the  foregoing  and  succeed- 
ing articles. 

The  Morning  Gun,  a  gun  fired  by  an  admiral  or  commodore 
at  day-break  every  morning. 

The  EreHing  Gun,  one  fired  by  the  above  at  nine  o'clock  in 
summer  and  eiglit  o'clock  in  winter,  every  night. 

Gun  Boat,  a  boat  fitted  to  carry  one  or  more  cannon  in  tlie 
bow,  so  as  to  cannonade  an  enemy  while  she  is  advancing 
towards  hini :  they  are  principally  useful  in  fine  weathir, 
smooth  water,  and  shallow  ground,  to  cover  tlic  landing  of 
troops,  or  on  such  occasions. 

Gunni;r  of  a  Ship  (if  War,  an  oflicer  appointed  to  take  charge 
of  the  ammunition  and  artillery  aboard,  to  keep  the  latter  pro- 
perly fitted  and  in  order,  and  to  teach  the  sailors  tlie  exercise 
of  the  cannon. 

Gunner's  Mule,  a  petty  officer  appointed  to  assist  the  gun- 
ner. 

Percussion  GuN.  See  Pf.RCUSSiON.  It  has  been  proposed  to 
ignite  great  guns  and  liand-greiiades  by  means  of  percussion 
caps,  and  there  can  be  no  doubt  of  the  practicability  of  this 
design  ;  but  as  we  have  not  yet  received  any  eci  tilled  accounts 
of  actual  experiment  on  this  application  of  the  principle  of 
percussion,  we  shall  do  no  more  than  touch  upon  the  subject, 
till  we  come  to  the  word  Pekcussion. 

Quarter  GuNNiiRS,  men  placed  under  the  direction  of  the  gun- 
ner to  perform  any  work  relating  to  the  cannon,  &e.  which  he 
may  command  ;  their  number  is  always  proportioned  to  tlie 
number  of  the  ship's  artillery,  one  quarter-gunner  being  allow- 
ed to  every  four  guns. 

Gun  Ituom,  an  apartment  on  the  after  end  of  the  lower  gun- 
deck,  of  large  ships  of  war,  partly  occupied  liy  the  gumicr,  but 
in  frigates  and  smaller  vessels,  w  here  it  is  below,  it  is  used  by 
the  lieutenants  as  a  mess  room. 

Gun  Shot,  implies  the  distance  of  the  point-blank  range  of  a 
cannon-shot;  a  ship  is  tliereforc  said  to  be  within  gun-shot 
when  she  is  within  that  distance. 

Gun  Taihles,  are  pulleys  aflixcd  to  each  side  of  the  carriage; 
their  use  is  to  run  the  gun  out  of  the  port,  or  to  secure  it  whiii 
at  sea. 

GUNNERY,  the  art  of  charging,  directing,  and  exploding 
all  kinds  of  lire-arms,  though  the  term  is  more  commonly 
restricted  to  the  larger  pieces  of  ordnance,  as  cannons,  mor- 
tars, &c. 

To  this  art  belongs  the  knowledge  of  the  force  and  effect  of 
gunpowder,  the  dimension  of  the  pieces,  and  the  proportions  of 
the  powder  and  ball  they  carry,  with  the  methods  of  adjusting, 
pointing,  sponging,  &c.  Gunnery  may  be  therefore  divided 
into  theoretical  and  practical,  wliich  cqtially  belong  to  a  work 
of  this  description.  Theoretical  guniierv  consists  in  com- 
puting the  angles  of  elevation,  the  impetus  of  projection,  the 
range  of  the  ball,  S;c.  from  certain  data  previously  established ; 
we  may  also  consider  those  experiments  whicli  have  been 
made  with  a  view  to  ascertain  the  velocity  of  projection  «ilh 
given  cliargcs,  the  resistance  of  the  air,  the  dellcclion  of  the 
ball  or  of  the  gun,  5cc.  as  forming  a  part  of  theoretical  gunnery. 
But  the  best  introduction  we  can  oiler  to  the  practical  rules  of 
gunnery,  will  be  a  general  view  of  the  Parabolic  Theory  of  the 
motion  of  projectiles  in  vacuo  ;  that  is,  of  the  mathematical 
principles  by  which  the  several  circumstances  relative  to  their 
motion  might  be  determined,  if  their  progress  was  not  impeded 
or  disturbed  by  the  air. 

Parabolic  Theorg  of  Gunnery. — The  motion  of  a  falling  body 
is  uniforndy  accelerated,  and  that  of  a  body  thrown  straight 
upward  is  uniformly  retarded.  A  f'afling  body  acquires  an 
increase  of  ;3'2J  I'ect/jn-  sec^ond  in  every  second  of  its  fall,  an  1 
an  ascending  body  has  its  velocity  lessened  as  much  during 
every  second  of  its  rise. 

The  space  described  during  any  portion  of  time  by  a  motion 
uniforndy  accelerated  from  rest,  is  one  half  of  the  "spare  uni- 
formly described  in  the  same  time  with  the  final  velocity  of  the 


accelerated  motion  ;  and  the  spaces  described  from  the  begin- 
ning of  the  motion  are  as  the  squares  of  tlie  times. 

When  a  body  is  jjrojected  in  any  direction  not  perpendicular 
to  the  horizon,  it  will  describe  a  parabola,  of  which  the  axis  is 
perpendicular  to  the  horizon. 

Let  the  body  be  projected  from  the  point  A  (fig.  1,)  in  the 
direction   AL,  with   the  velocity  which   a   heavy   body  would 


Fig.  I. 


aequireby  falling  freelj  through 
the  space  C  A  ;  the  body,  by  the 
continual  action  of  gravity,  will 
be  continually  deficcted  from 
the  line  A  L.  and  will  describe 
the  parabolic  curve  A  V  B,  of 
which  the  vertical  line  C  A  F  is 
a  diameter,  A  the  vertex  of  this 
diameter,  and  AL  a  tangent  at 
A. 

Througli  V,  B,  any  two  points 
of  the  curve,  draw  V  K,  B  L, 
parallel  to  C  .V,  meeting  A  L  in 
K  and  L  ;  and  draw  V  F,  Jl  G. 
parallel  to  A  L,  meeting  CA 
produced  in  F  and  G.  Then 
let  K  V,  L  H,  be  the  spaces 
through  w  Inch  the  body  would 
tlescend  by  its  gravity  in  the 
same  times  in  which  it  would 
uniformly  pass  over  the  corre- 
sponding spaces  A  K,  A  L,  by 
the  projectile  motion;  it  is  plain, 
from  the  composition  of  mo- 
tions, that  the  body  would  ar- 
rive at  the  points  V,  B,  of  the 
curve  in  the  same  time  that  it 
■would  have  unifornilydcseribed 
A  K,  AL,  with  the  velocity  of 
the  projection,  or  that  it  would  have  fallen  through  AF,  AG. 
But  because  the  motion  along  .VLis  uniform,  A  K  is  to  A  L, 
as  the  time  of  describing  A  K  to  the  time  of  describing 
A  L.  Xi\A  because  the  motion  throut;h  A  G  is  uniformly 
accelerated,  A  F  is  to  AG  as  the  square  of  the  time  of  de- 
scribing AF  to  the  square  of  the  time  of  describing  AG; 
that  is,  as  A  K'  to  kU,  or  as  V  F' to  B  G'.  Consequeully 
the  curve  is  such  that  the  abscisses  A  F,  .\  G,  are  as  the 
squares  of  the  corresponding  ordinates  V  F,  B  G  ;  that  is,  the 
curve  is  a  parabola,  and  A  L,  parallel  to  the  ordinates,  is  a  tan- 
gent at  the  point  .V. 

If  a  body  be  projected  from  any  point  A  (fig.  1,)  in  any  direc- 
tion A  L,  with  the  velocity  acquired  by  falling  from  C  ;  the 
horizontal  line  C  E,  drawn  through  the  point  C,  is  the  dimctrtx 
of  the  parabola  described  by  the  body. 

Take  A  F  =:  C  A,  then  tlie  time  of  falling  through  AF  is 
equal  to  the  lime  of  falling  through  C  A  ;  but  A  K  is  described 
with  the  velocity  acquired  bv  falling  through  CA,  and  there- 
fore AK  :=  OCA,  and  VF=  2AF;  consequenlly  V  F"  = 
•1  AF-  IT  4  .V  F  X  A  F  =  4  C  A  X  A  F  ;  but  in  a  parabola,  the 
square  of  an)  ordinate,  as  VF,  is  equal  to  the  rectangle  of  the 
coi  responding  absciss  .\.  F,  and  the  parameter  of  that  diameter; 
therefore  4C  A  is  the  parameter  of  the  diameter  ,A.G,  and  since 
C  A  is  J  of  the  parameter,  C  E  is  therefore  the  directrix  of  ihe 
parabola  described  by  the  body  projected  from  A,  with  the 
velocity  acquired  by  falling  from  C. 

Hence,  since  this  is  true  for  any  other  point  of  the  curve,  the 
velocity  of  the  projectila  in  any  point  of  its  path  is  the  same 
that  it  would  have  ac(|uired  by  falling  freely  from  the  height  of 
the  directrix  to  that  point. 

The  times  of  describing  the  difl'erent  arcs  A '\'.  A  V  B,  are 
evidently  as  the  parts  \  K,  A  L,  of  the  tangent,  or  as  the 
corresponding  parts  CD,  C  E,  of  the  directrix;  therefore  the 
motion  csliinalcd  horizontally  is  uniform. 

We  shall  now  briefly  apply  these  principles  to  the  construL 
tion  and  solution  of  the  leading  problems  in  gunnery. 

The  veloeit)  produced  by  the  explosion  of  a  <|uantity  of  gun. 
Dowder,  is,  in  tiic  preceding  theory,  conceived  to  be  produced 
by  a  fall  from  a  certain  height,  by  the  proportion  of  which  its 
quantity  can  be  accurately  determined. 
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Tlie  lu'islit  C  A,  (fifc.  2,)  for  producing  the  velocity  of  pro- 
jection, is  called  the  Impetus. 

Tlie  distance  A  11.  between  the  piece  of  ordnance  and  the 
object,  is  called  tlie  Amplitude  or  Kange. 

The  angle  cnntaiued  between  the  direction  of  the  mortar  and 
lb"  horizontal  plane,  is  called  the  ani;le  of  Eisvulian. 

Problem  1. — A  shell  is  proposed  to  be  thrown  from  the  point 
A,  with  the  velocity  acquired  by  fallinsr  thrn\mh  C  A,  in  order 
to  hit  the  object  B ;  the  direction  A  D  of  tlie  projection  is 
required.     (Fi^.  2.) 

Take  AZ=:  4CA,  and  on 
A  Z  describe  an  arc  of  a  circle 
containini;  an  an<;le  equal  to 
DBA  (Euclid,  iii.  331;  draw 
the  vertical  line  B  D  d,  cuttin^? 
the  circle  in  D  and  d.  and  join 
ZD,  Zrf,  and  AD,  Arf;  then 
either  A  D  or  A  d  is  tlie  direc- 
tion required.  For,  produce 
C  A  dowuu  ard,  and  draw  B  F 
parallel  to  AD,  because  A  B 
touches  the  circle  in  A,  and 
A  Z  cuts  it,  the  angle  A  D  Z  is 
einisl  tJ  the  angle  ZAG  =z 
D  13  A.  and  the  alternate  angles 
Z  A  D.  A  D  B  are  equal  ;  the 
triangles  Z  A  D,  A  D  B,  are 
therefore  equal,  whence  B  D 
:  D  A  :  :  D  A  :  \  Z,  conse- 
quently D  .\'  =  B  D  X  A  Z  or 
B  F>  =  A  F  X  A  Z  =  A  E  X 
4A  C.  Therefore  a  parabola, 
of  ttliich  A  F  is  a  diameter, 
and  A  Z  its  parameter,  will 
pass  through  B,  and  conse- 
quently a  shell  projected  from 
A,  in  the  direction  A  D,  with 
the  velocity  acquired  by  falling 
through  C  A,  will  describe  the 
parabola  A  d  B,  and  hit  theobjcct  B. 

By  similar  reasoning,  it  may  be  shewn,  that  the  shell,  if  pro- 
jected with  the  same  velocity,  in  the  direction  A  d,  will  describe 
the  parabola  AVB,  and  therefore  also  hit  the  object  B. 

Cor.  1.  When  the  vertical  line  through  B  cuts  the  circle,  it 
always  cuts  it  in  two  jioints  D  and  d,  either  of  which  will 
answer  the  conditions  of  the  problem. 

Cor.  2.  When  the  vertical  line  through  h  only  touches  the 
circle,  there  is  but  one  direction  Arf',  in  which  the  body  can  be 
projected  to  hit  the  object  i  ;  this  direction  evidently  bisects 
the  angle  ZAB,  and  from  it  the  directions  AV,  Ad,  are  equi- 
distant; also  A  6  is  the  greatest  range. 

Problem  2. — A  shell  is  proposed  to  be  projected  frotn  the 
point  A,  in  the  direction  AD,  with  the  velocity  acquirerl  by 
falling  through  C  A  ;  the  distance  to  which  it  will  reach  on  the 
line  A  B  is  required.     (Fig.  2.) 

Take  A  Z  =:  4  C  A,  and  describe  the  arc  Z  D  A  cutting  A  D 
in  D;  through  D  draw  the  line  BD  parallel  to  .\  Z.  cutting 
A  B  in  B.  Then  B  is  the  point  to  which  the  shell  will  reach. 
The  proof  is  evident  from  problem  1. 

Problem  3. — A  shell  is  proposed  to  be  projected  from  the 
point  A,  in  the  direction  A  D,  in  order  to  hit  the  object  B  ;  the 
velocity  with  which  it  most  be  projected  is  required.  (Fig.  2.) 

Draw  the  vertical  line  B  D,  meeting  the  direction  in  D  ;  draw 
AZ  parallel  to  B  D,  and  equal  to  A  D=  -f-  D  B,  and  take  C  .\ 
=:  i  AZ;  then  C  A  is  the  fall  which  will  generate  tlie  velocity 
required.     The  proof  of  this  is  also  evident. 

From  these  constructions,  numerical  solntion.s  are  easily 
deduced.     Thus, 

Theorem  I.    When  the  line  A  M  is  horizontal. 

1.  The  arc  Z  D  A  is  a  semicircle,  and  the  greatest  horizontal 
range  A  6  is  =  O  A,  the  radius  of  the  circle,  ^  2  C  A  ;  and  the 
direction  Ad'  is  ^  45°. 

2.  The  ranges  with  different  directions  are  proportional  to 
the  sines  of  twice  the  angles  of  elevation.  For  draw  1>  C.d'O, 
perpendicularly  to  Z  .\,  and  join  OD  ;  then  Orf'  ^  A  6,  and 


C  D  =  A  B.  But  d'O  is  the  sine  of  the  angle  A  O  d',  which  is 
=  2  the  Z_  d'A  B,  and  C  D  is  the  Z.  A  O  D,  which  is  =  2  the 
/_  A  Z  D  =:  2  the  /.DAB;  and  this  is  true  of  all  other 
elevations. 

3.  When  the  direction  is  the  same,  the  ranges  with  different 
velocities  are  proportional  to  the  squares  of  the  velocities. 
For  the  figures  being  similar,  the  ranges  are  as  tbefalls,  and 
the  falls  as  the  squares  of  the  velocities  acquired  by  falling. 

4.  The  height  to  which  the  projectile  riess  above  the  horizon- 
tal plane  is  as  the  square  of  the  sine  of  elevation.  For  v  M  is 
=  J  D  B,  and  C  A  is  =  i  Z  A,  and  Z  A  :  D  B  (=  H  A)  :  : 
ZA=  :  AD^  ::  rad^  :  sin^AZD  (=  D  A  B) ;  therefore  C  A  : 
D  M  :  :  rad'  :  sin'  elevation  ;  and  vM  :  V  M  :  :  sin'  DAB  : 
sin'  d AB. 

5.  The  times  of  the  flights  areas  the  sines  of  the  elevation. 
For  the  velocities  in  the  directions  A  D,  A  rf,  being  the  same, 
the  times  of  describing  ,\  D.  A  </,  uniformly,  (which  are  the 
same  as  the  times  of  describing  the  parabolas  A  v  B,  A  V  B.) 
u  ill  be  as  A  D,  A  d,  that  is,  as  the  sines  of  the  angles  A  Z  D, 
AZ  rf,  which  are  equal  to  the  angles  DAB,  rf  A  B. 

Again,  the  time  of  the  tlight  is  the  same  as  that  of  fallii  j 
through  DB;  if  then  D  B  be  computed  in  feet,  the  time  will 
evidently  be  =  ^/  (D  B  -7-  IC)  nearly,  =  }  ,/  D  B  =  i  y 
(r  X  inn  E);  when  r  denotes  the  range,  and  E  the  elevation. 
Wlien  E  zz  45°,  then  d'  b  zz  b  A  'r^  r ;  wrhence  the  time  is  =: 

Theorom  II.   ^yhen  the  line  A  B  is  not  horizontal. 

Since  the  angles  D  B  A,  A  D  Z.  are  equal,  it  is  evident,  that 
when  the  object  B  is  on  an  inclined  plane,  the  arc  Z  D  .\  is  less 
or  greater  than  a  semicircle,  according  as  the  plane  is  ascend- 
ing or  descending.  It  is  also  plain,  that  A  B  :  B  D  :  :  S,Z  .V  D 
(=  ADB)  :  S.DAB,  and  BD:  DA:  :  S.DAB  :  S,ABD; 
also,  DA  :  A  Z  :  :  S,A  D  Z  (=  A  B  D) ;  therefore  A  B  :  A  Z 
::  S,ZAD  x  S,AZD  :  sin' A  B  D,  whence  A  B  =  (A  Z  x 
S,Z  A  D  x  S.A  Z  D)  -H  sin'  A  B  D.  Now,  if  we  put  a  —  the 
inclination  of  the  plane,  rf  zn  the  elevation  of  the  mortar  above 
the  plane,  e  :r  the  elevation  above  the  horizon,  »-zz  AB  the 
range,  and/::  CA  the  impetus,  then,  by  substitution,  the 
above  theorem  w  ill  become  r  zz  if  x  cosin  e  X  sin  d  X  sec* 
a  ;  whence  _/'  :=  J  r  x  sec  e  x  cosec  rf  x  cosin  "a  ;  also,  the 
time  of  the  iHght  will  be  i::  sec  a.  sin  d.2  ^  (/-r-  16J)  =:  sec  a. 
sin.  d.  \  ■J  f,  nearly. 

The  reader  will  observe,  that  in  the  preceding  reasonings, 
no  notice  has  been  taken  of  the  efl'ects  of  the  resistance  of  the 
air  on  the  motion  of  projectiles.  Now,  as  this  is  very  con-si- 
derable,  especially  when  they  are  discharged  with  great  velo- 
city, the  theory  requires  to  be  modelled  and  corrected  by 
experimental  investigations,  before  it  can  be  applied  in  prac- 
tice. There  are  indeed  some  cases,  such  as  in  the  throwing  of 
shells,  when  the  velocity  does  not  exceed  400  feet  per  second, 
in  which  the  results  by  the  theory  do  not  dill'er  much  from  the 
truth.  But  when  the  velocity  is  great,  the  resistance  of  the  air 
occasions  a  diminution  of  motion  so  prodigious,  as  to  render 
the  theory,  w  itiiout  the  aid  of  data  derived  from  experiment,  of 
very  little  use.  Thus,  a  niusket-ball,  discharged  with  the 
ordinary  allotment  of  powder,  issues  from  the  piece  with  the 
vel  jcity  of  1G70  feet  per  second.  At  the  elevation  of  45°,  it 
should  therefore  range  16  iniles,  whereas  it  does  not  range 
above  half  a  mile.  Thus  also,  a  24  lb.  ball,  discharged  with 
16  lbs.  of  powder,  which  should  range  about  16  miles,  does  not 
range  3  miles. 

Again,  the  path  of  a  projectile,  when  the  velocity  is  great,  is 
not  parabolical,  but  is  much  less  incurvated  in  the  ascending 
than  in  the  descending  branch  :  the  greatest  range  therefore  i.s 
not  made  with  an  elevation  of  45°  as  in  vacuo,  but  with  an  eleva- 
ti.)n  lower,  as  the  first  velocity  is  greater.  Thus  it  is  found, 
that  although  the  larger  shells  with  small  velocities  range 
farthest  when  projected  at  an  elevation  of  about  45°,  yet  the 
smaller  shells  with  great  velocities  range  farthest  at  an  eleva- 
tion not  much  above  30°. 

These  instances  sulficiently  shew,  that  such  rules  as  are 
deduced  from  theory  alone,  without  the  aid  of  experiment, 
are  unfit  for  directing  practice. 

Practical  Gunneru. — Of  Projections  made  on  the  Horizontal 
Plane.  — Prnb.  1.  To  find  the  velocity  of  any  shot  or  shell. — 
Rule.  Divide  double  of  the  weight  of  the  charge  of  powder  by 
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(he  weight  of  the  shot,  both  in  lbs.  Then  if  the  square  root  of 
the  uoliciit  be  multiplied  by  IGUO,  the  product  will  be  tlie  velo- 
city, or  the  number  of  feet  the  shot  passes  over  in  a  second. 

Or  say,  As  the  s<|uarc  root  of  the  weight  of  the  shot  is  to  the 
square  root  of  double  the  weight  of  powder,  so  is  ItiOO  feet  to 
the  first  velocity  of  the  shot. 

E.v.  With  what  velocity  will  a  1.3-inch  shell,  weighing  196lb8. 
be  discharged  by  U  lbs.  of  powder. 

«y  V.?,5  X  IGOO:^  486  feet  per  second,  nearly.     Aits. 
Or  thus,  v'  '9'J :  n/  1«  :  :  IGOil;  48.5  feet,  nearly. 

Prob.  2.  To  find  the  terminal  velocity  of  a  ball  or  shell;  that 
is,  the  greatest  vclority  it  can  acquire  by  descending  through 
the  air,  by  its  own  weight. 

Rule.  For  balls,  the  terminal  velocity  is  fouud  by  multiplying 
the  square  root  of  the  diameter  of  Ihe  ball  in  inehes  by  176-6  ; 
and  (or  shells,  by  multiplying  the  square  root  of  the  diaracterof 
the  shell  in  inches  by  I47'3. 

Ex.  What  is  the  terminal  velocity  of  a  2  lbs.  iron  ball,  its 
diameter  being  246  inches. 

175'5  V  2-46=:  175-6  X  1-56524  =  274,699  feet.     Ans. 

Prob.  3.  To  find  the  height  from  «  hich  a  body  must  fall,  in 
vacuo,  in  order  to  acquire  a  given  velocity. 

Rule.  Since  the  spaces  descended  by  falling  bodies  are  as 
the  square  of  the  velocities,  and  a  fall  of  16,!,  feet,  or  193  indices, 
produces  a  velocity  of  3-2^  feet  or  386  inches,  therefore  386^: 
the  square  of  the  given  velocity  in  inches ::  193 :  height  re- 
quired in  inches.  Or,  omitting  tlie  fractions,  if  the  square  of 
the  given  velocity  in  feet  be  divided  by  64,  the  quotient  will  be 
the  height  required  in  feet  nearly. 

Ex-.  From  what  height  must  a  body  descend,  in  order  to 
acquire  the  velocity  of  1670  feet  per  second. 

1670-  — 64=43576  feet.     Aits. 

Prob.  4.  To  find  the  greatest  range  of  a  ball  or  shell:  and 
the  elevation  of  the  piece  to  produce  that  range. 

Rule.  Divide  the  given  initial  velocity  by  the  terminal  velo- 
city of  the  ball  or  shell,  aiidlind  the  quotient  in  the  first  column 
of  Ihc  following  table;  against  which,  in  the  second  column, 
will  be  found  the  elevation  to  give  the  greatest  range  ;  and  the 
corresponding  number  in  the  third  column,  multiplied  by  the 
height  producing  the  terminal  velocity,  will  give  the  greatest 
range  nearly. 

Elevations  giving  the  Greatest  Range. 


Initial  velo- 

cily  divided 

by  terminal 

velocity. 

Elevation. 

tlange 

divided  by 

altitude. 

Initial  velo- 
city divided 
by  terminal 
velocitv. 

Elevation. 

Ranee 

diviiled  by 

altitude. 

0691 

O 

44 

/ 

0-3914 

2-9725 

o 
37 

15 

1-2,346 

0-9445 

43 

15 

0-685      ' 

32-26 

36 

30 

2-32-3 

1198 

42 

30 

0-7787    1 

3  4796 

35 

45 

2,5-22 

1-4515 

41 

45 

097-24    j 

3-733 

35 

2-7167 

1-705 

41 

11661 

3-9865 

34 

15 

2-9094 

19585 

40 

15 

1-3598 

4-24 

33 

30 

3  1031 

2212 

39 

30 

15535 

4-4935 

32 

45 

.-i-2968 

24655 

38 

46 

1-7472 

4-747 

32 

3-49()6 

2-719 

38 

19409 

5- 

31 

15 

3-6842 

E.r.  What  is  the  greatest  range  of  a  24  lb.  iron  ball,  when 
discharged  with  a  velocity  of  1610  feet,  and  the  elevation  to 
produce  that  range,  the  diameter  of  the  ball  being  56  inches? 
175-6  V  56  ^  416  =:  the  terminal  velocity. 
415'  -^  64  =  2691  =:  the  height  producing  that  velocity. 
1640  -i-  416  z=.  3-96,  which  nearly  corresponds  to  34°  15' 
13  the  elevation  required. 
The  range  in  the  third  ooliimn  against  34°-  16'  is  2  9091,  and 
2  9094  X  2691  =  7829  feet  =  the  greatest  range,  nearly. 

Prob.  5.  The  range  of  any  one  elevation  being  given,  to  find 
the  range  of  any  other  elevation,  and  the  converse.— /;»/(?.  As 
the  sine  of  twice  the  first  elevation  is  to  tlic  sine  of  luiee  the 
second,  so  is  the  range  at  the  former  to  that  at  the  latter,  the 
velocity  being  the  same  in  both  eases. 

Prvb.O.  The  range  of  one  charge  being  given,  to  find  the 
range  for  another  charge,  or  the  charge  for  another  range.— 


Rule.  The  ranges  at  the  same  elevatioD  are  nearly  proportioual 

to  the  charges. 

Ex.  If,  at  an  elevation  of  46°,  with  a  charge  of  9  lbs.  of  pow- 
der, a  shell  range  40(iO  feet,  what  charge,  at  the  same  eleva- 
tion, will  be  required  to  throw  it  3000  feet  ? 

4000  :  .3000  :  :  9  :  6]  lbs.  Am. 

Prob.  7.  The  range  and  elevation  being  given,  to  find  the 
time  of  the  tlight. — Hule.  As  radius  is  to  the  tangent  of  eli  va- 
tion,  so  is  the  range  in  feet,  to  the  square  of  4  times  tJie  num- 
ber of  seconds  taken  up  in  the  flight,  nearly. 

When  the  elevation  is  46°,  then  J  of  the  stjuare  root  of  the 
range  in  feet  will  be  the  number  of  seconds  required,  nearly- 

E.r.  In  what  time  will  a  shell  range  3000  feet  at  an  eleva- 
tion of  35°?  Rad:  Tan  3.5°  :  :  3000  :  2100  6 

i  s/  2100-6  =:  11-45  seconds  nearly.  Ans. 

Prob.  8.  The  range  and  elevation  being  given ;  to  find  the 
greatest  height  to  which  the  shell  rises  above  the  horizontal 
plane. — Rule.  As  radius  is  to  the  tangent  of  elevation,  so  is  J 
of  the  range  to  the  height  required. 

E.r.  A  shell,  when  discharged  at  an  elevation  of  40°,  ranges 
3000  feet ;  what  is  its  greatest  height  during  the  fiight? 
Rad:  Tan  40°  :  :  760  :  629  feet-  Ans. 

Prob.  9.  The  range  and  elevation  being  given  ;  to  find  the 
impetus. —  Rule.  As  the  sine  of  twice  the  elevation  is  to  the 
radius,  so  is  half  the  range  to  the  impetus. 

Ex.  With  what  impetus  must  a  shell  be  discharged  at  an 
elevation  of  3.5°  to  stril;e  an  object  at  the  distance  of  3180 
feet?  Sin  70°  :   Rad  :  :   1.590  :   16-29  feet.  Ans. 

Of  Projectiles  mnrle  on  an  Inclined  Plane — Prob.  10.  The  in- 
clination of  the  plane,  and  the  impetus  and  elevation  of  the 
piece  being  given,  to  find  the  range. — Ru/c.  Add  together 
twice  the  log.  secant  of  the  plane's  inclination,  the  log.  sine  of 
the  elevation  above  the  plane,  the  log.  co-sine  of  the  elevation 
above  the  horizon,  and  the  log.  of  four  times  the  impetus; 
then  will  the  sum  be  the  log.  of  the  range. 

E.r.  How  far  will  a  shot  range  on  a  plane  which  ascends  10°, 
and  on  another  which  descentis  10°,  the  impetus  being  "2000 
feet,  and  the  elevation  of  the  piece  3-2°  30"  ? 

The  elevation  above  the  plane,  in  the  first  case,  is  22°  30', 
and  in  tlie  second  4-2°  30'. 


\st,  For  the  ascending  plane. 

10° 2  sec..   0-01,3-297 

2-2°  .30' sin 9.582840 

3-2°  3(t' cosin  . .   9926029 

8000 log 3-903090 


2dly,  For  the  descending  plane. 

10° 2  sec..   0  01.3-297 

•2-2°  30' .sin 9829683 

32°  :30' cosin  . .   9  926029 

8000 log 3-903090 


Range  =.  2662  feet  =  3-42.5'266  ;  Range  =  4700  feet  =  367-2099 
Prob.  II.  The  inclination  of  the  plane,  the  range  and  eleva- 
tion being  given,  to  find  the  impetus. — Rule.  Add  together 
twice  the  log.  co-sine  of  the  plane's  inclination,  the  log.  co- 
secant of  the  elevation  above  the  plane,  the  log.  secant  of  the 
elevation  above  the  horizon,  and  the  log.  of  i  of  the  range; 
then  will  the  sum  be  the  lt)g.  of  the  impetus. 

With  what  impetus  must  a  shell  be  discharged  to  strike  an 
object  at  the  distance  of  2662  feet  on  an  inclined  plane  which 
ascends  I0»,  the  elevation  of  the  mortar  being  3-2°-30' ? 

Plane's  inclination 10° 2  cos  . .    10-986703 

Elevation  above  the  plane  . .  22°  30'. .  coscc  . .     0-417160 

KIcvalion  above  the  horizon. .  3-2°  30'.  .  sec 0073971 

i  of  the  range C66-5 log.  ...     28-23148 


Impetus  =.  2000  feet,  nearly  =  3-.300982 

GU>fPOWDER,  a  chemical  mixture  of  nitre,  i-harcoal,  and 
sulphur,  for  the  purpose  of  producing  nn  explosive  force  by 
combustion,  and  thus  communicating  to  guns  of  every  caliber 
a  proiligious  power  of  projeclion.  The  first  person  who  is 
said  to  have  been  acquainted  with  the  nature  and  ell'etts  of  a 
combination  of  these  three  materials  in  a  certain  proportion  to 
each  other  was  Roger  liacon.  In  his  treati.se  "  De  Secretis 
Operibus  Artis  ct  Natura:  et  de  Nullilate  Magiae,"  cap.  vi. 
published  at  Oxford  about  1216,  he  informs  us,  that  from  salt- 
petre and  other  ingredients,  we  are  able  to  make  a  fire  that 
shall  burn  at  any  distance  we  please,  which  "other  ingre- 
dients," it  apfiears  from  some  of  his  other  manuscripts,  were 
sulphur  and  charcoal.  It  was  not,  however,  for  a  considerable 
5p 
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time  after  tliis  date  that  gunpowder  became  prenerally  known  ; 
indeed  it  is  very  difficult,  among;st  tlie  various  contrailictory 
accounts,  to  affix  any  precise  date  to  this  invention.  Robins, 
in  his  "  Gunnery,"  considers  it  as  known  before  the  time  of 
Bacon,  and  that  this  pliilosopher  mentions  it  not  as  a  new  dis- 
covery, but  as  the  application  of  an  old  principle  to  military 
purposes,  in  which  it  had  not  been  before  employed.  The  pro- 
portions of  the  above  ingredients,  according  to  the  best  modern 
practice,  is  as  follows  ;  viz.  75  parts  of  nitre  or  saltpetre,  15  of 
charcoal,  and  10  of  sulphur.  The  specific  gravity  of  uhioli 
composition,  at  a  mean,  as  stated  by  Count  Rumford,  is  about 
0868,  that  of  water  being  1. 

The  method  of  ascertaining  the  strength  of  gunpowder  is  by 
a  machine  called  an  eprouvette,  of  which  there  are  various 
constructions ;  but  it  commonly  consists  of  a  small  strong 
barrel,  in  which  a  determinate  quantity  of  the  powder  is  fired, 
and  the  force  of  expansion  is  measured  by  the  action  excited 
on  a  strong  spring  or  a  great  weight.  Another  method  often 
adopted,  is  to  lire  a  very  heavy  ball  from  a  short  mortar  with  a 
given  weight  of  the  powder,  and  to  find  the  range  of  projection. 
The  French  eprouvette  for  government  powder  is  a  mortar  of 
seven  inches  (French)  in  caliber,  which  with  three  ounces  of 
powder  should  throw  a  copper  globe  of  sixty  pounds  weight  to 
the  distance  of  300  feet.  No  powder  is  admitted  which  does 
not  answer  this  trial.  Both  these  methods  have  been  objected 
to:  the  former  because  the  spring  is  moved  by  the  instantane- 
ous stroke  of  the  tlame,  ami  not  by  its  continued  pressure, 
which  is  somewhat  different ;  and  the  other  on  account  of  the 
tediousness  attending  its  use,  when  a  large  number  of  barrels 
of  powder  arc  to  be  tried.  Another  method,  which  unites 
accuracy  with  despatcli,  is  to  suspend  a  small  cannon  as  a 
pendulum,  to  fire  with  powder  only,  and  to  judge  of  the  force  of 
explosion  by  that  of  the  recoil,  which  in  this  circumstance  is  a 
greater  or  less  arc  of  a  circle.  That  which  Dr.  Button  em- 
ployed on  this  principle,  was  a  small  cannon  about  one  inch  in 
the  bore,  the  charge  of  which  is  two  ounces  of  powder. 

The  cause  of  the  explosive  force  of  fired  gunpowder  has 
been  much  investigated  ;  but  it  is  now  generally  allowed  to  be 
chiefly  owing  to  the  sudden  generation  of  a  quantity  of  gas  or 
elastic  vapour.  To  determine  the  elasticity  and  quantity  oi 
this  elastic  vapour,  produced  from  a  given  quantity  of  powder, 
Mr.  Robins  premises,  that  its  elasticity  is  equally  increased  by 
lieat  and  diminished  by  cold,  as  that  of  common  air,  (which  is 
confirmed  by  Dr.  Hutton's  late  experiments  :)  and  conse- 
quently its  weight  is  the  same  with  the  weight  of  an  equal  bulk 
of  air  at  the  same  elasticity  and  temperature.  Hence,  and 
from  direct  experiments,  he  concludes,  that  the  elastic  fluid 
produced  by  the  firing  of  gunpowder  is  nearly  three-tenths  of 
the  weight  of  the  powder  itself,  which,  expanded  to  the  rarity 
of  common  air,  is  about  244  times  the  bulk  of  the  powder. 
Hence  it  would  follow,  that  the  mere  conversion  of  confined 
powder  into  elastic  vapour,  would  exert  against  the  sides  of 
the  containing  vessel  an  expansive  force  244  times  greater 
than  the  elasticity  of  common  air,  or,  in  other  words,  than  the 
pressure  of  the  atmosphere.  But  to  this  is  to  be  superadded 
all  the  increase  of  expansive  power  produced  by  the  heat 
generated,  which  is  certainly  very  intense,  though  its  exact 
degree  cannot  be  ascertained.  Supposing  it  to  be  equal  to  the 
full  heat  of  red-hot  iron,  this  would  increase  the  expansion  of 
common  air  (and  also  of  all  gases)  about  four  times,  which  in 
the  present  instance  would  increase  the  244  to  nearly  1000;  so 
that  in  a  general  way  it  may  be  assumed,  that  the  expansive 
force  of  closely  confined  powder  at  the  instant  of  firing  is  1000 
times  greater  than  the  pressure  of  common  air:  and  this  latter 
is  known  to  press  with  the  weight  of  fourteen  pounds  and  a 
quarter  on  every  inch  ;  the  force  of  explosion  of  gunpowder  is 
1000  times  this,  or  14750  pounds,  or  about  six  tons  and  a  half 
on  every  square  inch.  This  enormous  force,  however,  is 
diminished  in  proportion  as  the  elastic  fluid  dilates,  being 
only  half  the  strength  when  it  occupies  a  double  space,  onc. 
tliird  of  the  strength  when  in  a  triple  space,  and  so  on. 

Mr.  Robins  found  that  the  strength  of  powder  is  the  same 
in  all  variations  of  the  density  of  the  atmosphere,  but  not  so 
in  every  state  of  moisture,  being  much  impaired  by  a  damp 
air,  or  with  powder,  which  is  become  damp  with  careless  keep- 
ing, or  any  other  cause;  so  that  the  same  powder  which  will 


discharge  a  bullet  at  the  rate  of  1700  feet  in  a  second  in  dry 
air,  will  only  propel  it  at  the  rate  of  1200  feet  when  the  air  is 
fully  moist ;  and  a  similar  difference  holds  between  dry  and 
moist  powder.  Gunpowder  is  reckoned  to  explode  at  about 
6000  of  Fahrenheit's  thermometer,  but  if  heated  to  a  degree 
just  below  that  of  faint  redness,  the  sulphur  will  mo.<!tly  burn 
off,  leaving  the  charcoal  unaltered. 

Wightman,  a  gun-maker  at  Malton,  in  Yorkshire,  says, 
the  only  certain  way  of  computing  the  charge  of  powder  for  a 
fowling-piece  is  by  weight,  and  not  by  the  space  it  occupies  in 
the  barrel  ;  and  also  the  qtialiti/  of  the  barrel  should  be  ex- 
pressed, for  a  difference  in  expansion  makes  a  difference  in  the 
quantity  re(|uircd  for  a  charge  :  for  instance,  the  Damascus 
and  common  barrels,  on  account  of  their  less  expansibility 
than  the  twisted  barreh,  shoot  equally  strong  with  the  latter 
when  the  charge  of  powder  is  reduced  four  grains  ;  for  it  must 
be  obvious  to  every  one,  that  the  shot  could  not  be  dislodged 
with  equal  force  when  the  sides  of  the  barrel  yield  to  the  sud- 
den expansion  of  the  exploded  powder;  and  here  I  may  add, 
that  the  shot  travels  with  a  much  greater  velocity  than  the 
rarefaction  that  moved  it,  which  sliews  that  the  shot  receives 
no  accumulation  of  force  by  the  quantity  of  powder  which  is 
put  into  the  barrel,  more  than  what  is  fired  in  the  first  instant, 
as  the  shot  is  propelled  by  the  first  rash  of  the  air  on  the  com- 
bustion of  the  powder. 

The  accompanying  scale,  he  adds,  is  the  result  of  trials  made 
on  several  hundred  guns. 

ISarreis  are  not  so  much  distressed  by  firing  balls,  if  the 
bore  is  cylindrical  ;  the  shot  having  a  tendency  to  occupy  a 
greater  space,  and  therefore  pressing  hard  against  the  sides  of 
the  barrel.  In  proof  of  this,  the  barrels  of  tlie  guns  used  with 
shot  are  soon  leaited,  owing  to  the  friction  of  the  shot ;  but  this 
is  not  the  case  when  balls  are  used.  The  greatest  objection, 
however,  to  the  use  of  barrels  of  fowling-pieces  for  ball  shoot- 
ing is,  that  they  are  seldom  sufficiently  strong  in  the  fore-end 
to  prevent  a  vibratory  motion,  in  which  case  the  ball  is  thrown 
without  any  degree  of  precision.  A  ball  of  19  to  the  pound 
exactly  fits  a  5-8ths  bore,  but  a  ball  of  20  pounds,  encircled  in 
a  thin  piece  of  leather,  is  prefeiahle. 

The  Damascus  barrels  are  decidedly  superior  to  the  stubs 
twisted,  or  any  other  ;  the  metal  being  stronger  in  texture, 
uniting  better  in  welding,  having  little  or  no  recoil,  requiring  a 
less  charge  of  powder,  and  being  more  beautiful  to  the  view. 

The  percussion-lock  has  every  advantage  over  the  flint-lock, 
namely,  there  is  a  less  liability  of  accident  by  it,  not  being 
necessary  to  prime  before  loading,  and  the  cock  may  be  always 
kept  on  the  cap  except  at  the  moment  of  firing,  which  prevents 
the  gun  going  off  at  half  cock;  and  if  the  gun  is  brought 
home  loaded,  by  taking  off  the  cap  (which  is  the  priming)  there 
is  no  danger  of  its  being  fired  by  the  foolishness  of  servants  or 
others  ;  and  it  is  a  fact,  known  to  every  observer  of  the  per- 
cussion-gun, that  they  kill  at  ten  yards  farther  than  a  flint-gun, 
and  that  about  one-quarter  less  powder  is  used  for  a  charge, 
owing  to  the  complete  and  instantaneous  combustion  of  the 
whole  charge  of  powder  ;  and  that  there  is  no  loss  of  force 
through  the  touch-hole,  as  in  the  flint-guns  ;  and  also,  that  they 
receive  the  additional  strength  of  the  priming. 


Caliber  of 
Barrel. 

Chart^e  of 

Powder  for  a 

Flinl  Gun. 

Clihrge  of 
PowdiT  for  a 
Percussion  do. 

3  diam. 

i 

n 

QuanLjIy  of 
Sbot'. 

Distance 
to  Kill. 

5-8  inch. 

1  dram. 

II 

U  oz. 
do. 
do. 
do. 

.?0  yds. 
40 
50 
60 

U 

u 

2 

1 

u 

n 

I J  oz. 
do. 
do. 

do. 

30 
40 
50 
60 

3-4 

If 

2 
2i 

2 

1}  oz. 

do. 
do. 
do. 

30 
40 
,00 
60 
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To  Prove  Gunpowder. — There  are  severnl  ways  of  doing  tliis. 
1.  By  sight ;  thus  if  it  be  too  black,  it  is  a  sign  tliat  it  is  moist, 
or  else  that  it  lias  too  much  charcoal  in  it;  so  also  if  rubbed 
upon  white  paper  it  blackens  it  more  than  good  powder  docs  ; 
but  if  it  be  of  a  kind  of  azure  colour,  somewhat  inclining  to 
red,  it  is  a  sign  of  good  powder.  2.  By  touching  ;  for  if  in 
crushing  it  with  ihi^  lingers'  ends,  the  grains  break  easily  and 
turn  into  dust,  without  feeling  hard,  it  has  not  too  much  coal 
in  it:  or  if,  in  pressing  it  under  the  fingers  upon  a  smooth  hard 
board,  some  grains  feel  harder  than  the  rest,  it  is  a  sign  the 
sulphur  is  not  well  mixed  with  the  nitre.  By  firing  a  small 
heap  of  it  on  a  clean  board,  and  attending  nicely  to  the  (lame 
and  smoke  it  produces,  and  to  the  mark  it  leaves  behind  on 
the  board. — There  are  other  contrivances  made  use  of,  such  as 
powder  triers,  acting  by  a  spring,  commonly  sold  at  the  shops, 
as  the  eprouvetle. 

To  Recover  damar/ed  Powder. — Put  part  of  the  powder  on  a 
sail-cloth,  to  which  add  an  equal  weight  of  what  is  good: 
then  mingle  it  well  together,  dry  it  in  the  sun,  and  barrel  it  up, 
keeping  it  in  a  dry  and  proper  place.  If  it  be  very  bad,  re- 
store it  by  moistening  it  with  vinegar,  water,  urine,  or  brandy, 
then  beat  it  line,  sift  it,  and  to  every  pound  add  an  ounce, 
or  an  ounce  and  a  half,  or  two  ounces  (  according  as  it  is  de- 
cayed )  oi  melted  nitre,  and  afterwards  these  ingredients  are 
to  be  moistened  and  well  mixed.  But  the  operation  of  beat- 
ing, or  any  species  of  friction,  is  extremely  hazardous,  and 
though  we  relate  the  method,  we  do  not  recomiiieud  the  prac- 
tice of  (his  experiment. 

GUNPOWDKR  and  Combustibles.  The  laws  respecting  the 
manufacture  and  sale  of  these  may  be  brielly  expressed.  No 
person  shall  make  gunpowder  but  in  the  regular  manufacto- 
ries established  at  the  time  of  making  the  statute  12  George 
III.  c.  CI,  or  licensed  by  the  sessions.  Only  forty  pounds  of 
powder  is  to  be  made  at  one  time  under  one  pair  of  stones.  Not 
more  than  forty  hundred  weight  to  be  dried  at  one  time  in  one 
stove.  Not  more  than  twenty-five  barrels  to  be  carried  in  any 
land  carriage,  not  more  than  two  hundred  barrels  by  water, 
unless  by  sea  or  coastwise,  each  barrel  not  to  contain  more 
than  one  hundred  pounds.  No  dealer  to  keep  more  than  two 
hundred  pounds  of  pow  der,  nor  any  person,  not  a  dealer,  more 
than  fifty  pounds  in  the  cities  of  London  and  Westminster,  or 
within  three  miles  thereof,  or  within  any  other  city,  borough, 
or  market-town,  or  one  mile  thereof,  or  within  two  miles  of  the 
king's  palaces  or  magazines,  or  half  a  mile  of  any  parish 
church,  on  pain  of  forfeiture,  and  two  shillings  per  pound,  ex- 
cept in  licensed  mills,  or  to  the  amount  of  three  hundred 
pounds  for  the  use  of  collieries,  within  two  hundred  yards  of 
them. 

GUNTER,  Edmund,  an  excellent  English  mathematician, 
who  flourished  in  the  reign  of  James  1.  and  distinguished  him- 
self by  his  inventions,  which  have  never  yet  been  superseded, 
though  some  of  them  have  been  subsequently  much  improved. 

Guntkr's  C/iiiin,  the  chain  in  common  use  for  measuring  land 
according  to  the  true  or  statute  measure ;  so  called  from  the 
name  of  its  inventor.  The  length  of  the  chain  is  66  feet,  or 
22  yards,  or  four  poles  of  five  yards  and  a  half  each  ;  and  it  is 
divided  into  100  links  of  792  inches  each  ;  100,000  square  links 
make  one  acre. 

Gunter's  i.ine,  a  logarithmic  line  usually  graduated  upon 
scales,  sectors,  &c. 

It  is  also  called  the  Line  of  Lines  and  Line  of  Numbers, 
being  only  the  logarithms  graduated  upon  a  ruler,  which 
therefore  serves  to  solve  problems  instrumentally,  in  the  same 
manner  as  logarithms  do  it  arithmetically  .  It  is  usually  divi- 
ded into  a  hundred  i)arts,  every  tenth  of  which  is  numbered, 
beginning  with  1,  and  ending  with  10;  so  that  if  the  first  great 
division,  marked  1,  stand  for  one-tenth  of  any  integer,  the 
next  division,  marked  2,  will  stand  for  two-tenths  ;  3,  three- 
tenths,  and  so  on  ;  and  the  intermediate  division  will  in  like 
manner  represent  one-hundreth  parts  of  an  integer.  If  each  of 
the  great  divisions  represent  10  integers,  then  will  the  lesser 
divisions  stand  for  integers  ;  and  if  the  great  divisions  be  spu- 
posed  each  100,  the  subdivisions  will  be  each  10. 

Use  of  (Junter's  Line. — 1.  To  find  l/ieproduct  of  two  numbers. 
From  1  extend  the  compass  to  the  multiplier;  and  the  same 
extent,  applied  the  same  way  from  the  multiplicand,  will  reach 


to  the  product. — Thus  if  the  product  of  4  and  8  be  required, 
extend  the  compasses  from  1  to  4 ;  and  that  extent  laid  from  8 
the  same  way,  will  reach  to  32,  their  product. 

2-  To  divide  one  number  by  another — The  extent  from  the  di- 
visor to  unity  will  reach  from  the  dividend  to  the  quotient ; 
thus,  to  divide  36  by  4,  extend  the  compasses  from  4  to  1, 
and  the  same  extent  will  reach  from  30  to  9,  the  quotient 
sought. 

3.  To  find  a  fourth  proportional  to  three  given  nuvileri. — Sup- 
pose the  numbers  6,8,9:  extend  the  compasses  from  6  to  8  ;  and 
this  extent,  laid  from  9  the  same  way,  will  reach  to  12,  the 
fourth  proportional  required. 

4.  To  find  a  mean  proportional  between  any  two  yiren  number*. 
^Suppose  B  and  32:  extend  the  compasses  from  8,  in  the  left- 
hand  part  of  the  line,  to  32  in  the  right ;  then  bisecting  this 
distance,  its  half  will  reach  from  8  forward,  or  from  32  back- 
ward, to  16,  the  mean  proportional  sought. 

5.  To  extract  the  stiiiare  root  of  a  number. — Suppose  2.J : 
bisect  the  distance  between  1  on  the  scale  and  the  point 
representing  25;  then  half  of  this  distance,  set  ofl  from  I,  will 
give  the  point  representing  the  root  5.  In  the  same  manner, 
the  cube  root,  or  that  of  any  higher  power,  may  be  found  by 
dividing  the  distance  on  the  line,  between  1  and  the  given 
numl)er,  into  as  many  equal  parts  as  the  index  of  the  power 
expresses;  then  one  of  those  parts  set  from  1,  will  find  the 
point  representing  the  root  required. 

GtiNTER's  Quadrant,  is  a  quadrant  made  of  wood,  brass,  or 
some  other  substance  ;  being  a  kind  of  slereographic  projec- 
tion on  the  plane  of  the  equinoctial,  the  eye  being  supposed  in 
one  of  the  poles  ;  so  that  the  tropic,  ecliptic,  and  horizon 
form  the  arches  of  circles,  but  the  hour  circles  are  other  curves 
drawn  by  means  of  several  altitudes  of  the  sun  for  some  parti- 
cular latitude  every  year. 

This  instrument  is  used  to  find  the  hour  of  the  day,  the  sun's 
azimuth,  &.c.  and  other  common  problems  of  the  sphere  or 
globe;  as  also  to  take  the  altitude  of  an  object  in  degrees. 

GvtiTEn's  Scale,  usually  called  by  seamen,  the  Gunter.  isa 
large  plain  scale,  having  various  lines  upon  it,  of  great  use  in 
working  the  cases  or  questions  in  navigation.  This  scale  is 
usually  two  feet  long,  and  about  an  inch  and  a  half  broad, 
with  various  lines  upon  it  both  natural  and  logarithmic,  relat- 
ing to  trigonometry,  navigation,  Sec.  On  the  one  side  arc  the 
natural  lines,  and  on  the  other  the  artificial  or  logarithmic 
ones.  The  former  side  is  first  divided  into  inches  and  tenths, 
and  numbered  from  one  to  twenty-four  inches,  running  the 
whole  length  near  one  edge.  One  half  of  the  length  of  this 
side  consistsof  two  plane  diagonal  scales,  for  taking  off  dimen- 
sions for  three  places  of  figures.  On  the  other  half  of  this  side 
arc  contained  various  lines  relating  to  tiigonomctry,  as  per- 
formed by  natural  numbers,  and  marked  thus  ;  viz. 

Rhumb,  the  rhumbs,  or  points  of  the  coiopass ; 

Chord,  the  line  of  chords  ; 

Sine,  the  line  of  sines  ; 

Tang.,  the  tangents ; 

S.  T.,  the  semi-tangents  ;  and  at  the  other  end  of  this 

half  are, 
Leag.,  leagues,  or  equal  parts  ; 
Rhumb,  another  line  of  rhumbs. 
M.  L.,  miles  of  longitude. 
Clior.,  another  line  of  chords. 

Also  in  the  middle  of  this  foot  are  L  and  P,  two  olhtr  lines 
of  equal  parts:  and  all  these  lines  on  this  side  of  the  scale 
serve  for  drawing  or  laying  down  the  figures  to  the  cases  in 
trigonometry  and  navigation.  On  the  other  side  of  the  scale 
are  the  foliowitig  artilicial  or  logarithmic  lines,  which  serve 
for  working  or  resolving  those  cases  ;   ii;. 


V.  S.,  the  versed  sines  ; 
Tang.,  the  tangents ; 
Meri.,  meridional  parts 
E.  P.,  equal  parts. 


S.  R.,  the  sine  rhumbs  ; 
T.  R.,  the  tangent  rhumbs  ; 
Numb.,  line  of  numbers  ; 
Sine,  sines  ; 

GUNWALE,  or  Gunnf.i.  of  a  Ship,  is  that  piece  of  timber 
which  reaches  on  either  side  of  the  ship,  from  the  hnh' deck  to 
the  fore-castle,  being  the  uppermost  bend,  which  finishes  the 
upper  works  of  the  hull  in  that  part,  and  wherein  they  put  the 
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stanchions  which  support  the  waist-trees.  This  is  called  the 
gunwale,  whether  there  be  guns  in  the  ship  or  not.  The  lower 
part  of  any  port,  where  any  ordnance  are,  is  also  termed  the 
gunwale. 

GUST,  a  sudden  and  violent  squall  of  wind,  bursting  from 
the  hills  upon  the  sea,  so  as  to  endanger  the  shipping  near  the 
shore.  These  are  peculiar  to  some  coasts,  as  those  of  South 
Barbary  and  Guinea. 

GUT,  in  the  West  India  islands,  particularly  in  the  island  of 
Christopher's,  or  St.  Kilt's,  is  a  term  for  the  opening  of  a  river 
or  brook,  such  river  or  brook  also  being  often  so  called. 

GUTTA  Serkna,  a  disease  in  which  the  patient,  without 
any  apparent  fan'lt  in  the  eye,  is  entirely  deprived  of  sight. 

GUTTER-Ledge,  a  cross  bar  laid  along  the  middle  of  a 
large  hatchway  in  some  vessels,  to  support  the  covers,  and 
enable  them  the  better  to  sustain  any  weighty  body  which  may 
be  laid  on  them. 

Gutters,  in  Architecture,  a  kind  of  canals  in  the  roofs  of 
houses,  serving  to  receive  and  carry  off  the  rain. 

GUTTURAL,  a  term  applied  to  letters  or  sounds  pronounced 
or  formed  as  it  were  in  the  throat. 

GUY,  a  rope  used  to  keep  steady  any  weighty  body  from 
bearing  or  falling  against  the  ship's  side  while  it  is  hoisting  or 
lowering,  particularly  when  the  ship  is  shaken  by  a  tempes- 
tuous sea. 

Guv,  is  also  the  name  of  a  tackle,  used  to  confine  a  boom 
forward  when  a  vessel  is  going  large,  and  to  prevent  the  sail 
from  gybing  by  any  accidental  change  of  the  wind  or  course, 
which  would  endanger  the  springing  of  tlie  boom,  or  perhaps 
the  upsetting  of  the  vessel. 

Guy,  is  likewise  a  large  slack  rope,  extending  from  the 
.lead  of  the  main-mast  to  the  head  of  tiie  fore-mast,  and  having 
two  or  three  large  blocks  fastened  to  it ;  it  is  used  to  sustain 
a  tackle  to  load  or  unload  a  ship  with,  atrd  is  accordingly 
removed  as  soon  as  that  operation  is  finished. 

GYBING,  the  art  of  shitting  any  boom-sail  from  one  side  of 
the  vessel  to  the  other.  In  order  to  understand  this  operation 
more  clearly,  it  is  necessary  to  remark,  that  by  a  boom-sail  is 
meant  any  sail  whose  bottom  is  extended  by  a  boom,  the  fore- 
end  of  which  is  hooked  to  its  respective  mast,  so  as  to  swing 
occasionally  on  either  side  of  tlie  vessel,  describing  an  arch,  of 
which  the  mast  will  be  the  centre.  As  the  wind  or  the  course 
changes,  it  also  becomes  frequently  necessary  to  change  the 
position  of  the  boom,  together  with  its  sail,  which  is  accord- 
ingly shifted  to  the  other  side  of  the  vessel,  as  a  door  turns 
upon  its  hinges.  The  boom  is  pushed  out  by  the  effort  of  the 
wind  upon  the  sail,  and  is  kept  in  a  proper  situation  by  a 
strong  tackle  communicating  with  the  vessel's  stem,  and  called 
the  sheet.  It  is  also  confined  on  the  forepart  by  another  tackle 
called  the  gny. 

GYMNASIA,  in  ancient  Greece,  were  edifices  consisting  of 
a  great  many  separate  parts  or  buildings  for  the  accoitinioda- 
tion  of  professors  of  the  sciences  or  arts,  and  their  hearers  or 
pupils.  Vitruvins,  the  Roman  architect,  gives  the  plan  of  the 
area  of  a  Grecian  Gymnasia,  which  the  reader  will  find  in  his 
Architeclure,  or  in  Putter's  Giician  Antiquities,  vol.  i.  p.  4'>, 
Dunbar's  edition.  The  parts  of  the  Gymnasia  were,  1st.  The 
porticos  or  side  buildings,  furnished  with  seats,  and  fit  for 
study  or  discourse,  where  the  scholars  probably  met.  2d. 
The  Ephebeam,  where  the  youths  exercised,  or  in  which  they 
assembled  to  fix  on  their  sports  and  rewards.  .^d.  The 
undressing  room.  41h.  The  place  in  which  those  who  were  to 
wrestle,  or  who  had  bathed,  were  anointed.  5th.  The  place 
where  the  dust  was  kept  for  besprinkling  those  who  had  been 
anointed.  6"th.  The  Gymnasium,  or  place  of  wrestling.  7lh. 
The  tennis  court,  or  ball  ground.  8lh.  The  discus  and  leaping 
ground.  91h.  The  Xysta,  designed  for  the  exercises  of  the 
wrestlers  when  the  inclemency  of  the  weather  did  not  allow  of 
practice  in  the  open  air.  lOlh.  The  baths,  either  hot  or  cold, 
for  the  refreshment  of  the  combatants  after  their  labour  and 
toil.  At  Sparta,  where  nature  was  every  thing,  the  sexes  had 
one  common  bath  ;  but  in  all  other  cities  of  Greece  there  were 
distinct  baths  for  females.  Ilth.  The  stadium  was  the  place 
of  general  exercise  for  performers  and  audience;  and  being 
built  with  benches  rising  one  above  another,  allowed  vast 
multitudes  to  assemble  and  witness  the  national  pastimes. 


GYMNASTICS.  This  word,  derived  from  the  Greek,  com- 
prehends all  those  athletic  exercises  by  which  the  ancients 
rendered  the  body  pliant  and  healthy,  and  enabled  the  muscles 
to  do  their  olfices  with  treble  ellect. 

The  principal  exercises  we  here  notice,  as  belonging  to  the 
ancient  games,  were  lenpinr/,  runiiiiiy,  ihrowiny,  darting,  wrest- 
ling,  boxing,  and  perhaps  swimming. 

Swiftness  in  running  was  one  of  the  most  excellent  endow- 
ments a  man  could  be  blessed  with,  as  is  plain  from  Homer's 
constant  character  of  the  swift-footed  Achilles.  Saul  and 
.lonathan  were 

"  Swifter  than  eagles,  and  stronger  than  lions." 

The  ancients  practised  leaping  with  oval  weights  placed 
upon  their  shoulders,  or  carried  in  their  hands. 

The  cestns  used  on  the  hands  in  boxing,  was  the  invention  of 
Am\cus,  king  of  the  Bebrjcians,  who  was  contemporary  with 
the   Vrgonauts,  according  to  Clemens  of  Alexandria. 

Thesus  invented  the  art  of  wrestling,  in  which  the  antagonists 
had  their  bodies  anointed  with  oil.  In  addition  to  these,  the 
ancients  had  horse,  chariot,  and  naval  races,  with  swimming 
and  diving,  upon  which  we  forbear  to  offer  any  description, 
but  proceed  at  once  to  the  modern  Gymnastics,  framed  towards 
the  close  of  the  last  century  at  Schnepfeuthal,  a  small  town 
n?ar  Gotha,  under  the  direction  of  Salzman,  and  subsequently 
improved,  augmented,  and  sysleiuatically  arranged  by  Gutz- 
tnulh,  who  published  the  first  modern  treatise  on  the  subject  in 
1793.  Gulzmuth  not  only  attracted  attention  towards  the  im- 
portance of  a  systematic  physical  education  ;  but  in  Denmark, 
in  1803,  those  exercises  became  national,  inasmuch  as  3000 
young  men  were  then  practising  there.  Since  that  period,  the 
Danish  government  issued  an  order,  allotting  200  square  yards 
of  ground  to  every  public  school,  as  a  Gymnasium.  In  1810 
Gutzmuth  established  his  Gymnastics  in  Prussia,  by  authority 
of  and  under  the  protection  of  the  government.  iM.  Jahn,  who 
undertook  the  management  of  this  business  in  Berlin,  soon 
promulgated  Gymnastics  in  various  parts  of  Germany.  Gutz- 
muth published,  in  1817,  a  complete  system  of  Gymnastics,  and 
the  drawings,  figs.  5,  6,  7,  and  8,  of  the  plate  on  Gymnastic 
Exercises,  are  taken  from  "  A  Military  Officer's"  abridgment 
of  Gutzmuth's  work. 

In  this  country  we  have  several  professors  of  Gymnastics — of 
whom  it  will  only  be  necessary  to  quote  Capt.  Clias,  whose 
"  Elementary  Course  of  Gymnastic  Exercises,"  illustrated  by 
seventy  engravings,  is  at  once  the  most  complete  and  systema- 
tic display  of  the  physical  powers  of  man  that  we  have  ever 
seen.  In  the  sequel  of  this  article  we  shall  not  attempt  to  draw 
a  parallel  between  the  abridgment  of  Gutzmuth's  work  and 
that  of  Captain  Clias;  but  from  both  publications  we  will  point 
out  the  exercises,  and  abstract  sneh  parts  of  their  instructions 
as  may  serve  the  illustration  of  this  subject  in  our  own  work. 

In  the  division  of  Capt.  Clias's  work,  the  whole  system  of 
Gymnastics  is  reduced  to  four  grand  divisions,—  first,  as  appli- 
cable to  the  lower  extremities  of  the  body  ;  secondly,  as  belong- 
ing to  the  superior  extremities  ;  thirdly,  complicated  exercises, 
which  require  the  united  assistance  of  the  muscles  of  the  trunk 
and  limbs  ;  and  fourthly,  sw  imming. 

Swimming  we  reserve  till  we  come  to  letter  S — article 
Swimming. 

The  "  Instructions"  by  the  "  Military  Ofiicer,"  as  reduced 
from  Gutzmuth's  book,  and  taught  and  practised  in  Germany, 
are  the  follow  ins. 

Note. — The  plan  of  the  ground  for  exercise,  which  should 
always  be  designed  by  the  master. 

I.  Walking:  Position  of  the  Both/  iti  Walking. — Directions. 
The  position  of  the  body  must  be  upright  and  unconstrained  ; 
the  breast  throw  n  well  forward,  and  sipiare  to  the  front ;  and  the 
stomach  draw  n  in  a  little,  but  not  so  much  as  to  prevent  a  free 
breathing.  The  shoulders  must  be  drawn  back,  and  kept  at 
an  equal  height.  The  arms  must  have  a  gentle,  but  perfectly 
free  and  natural  motion  by  the  side  of  the  body.  The  head 
should  be  very  upright,  but  without  any  stiffness  ;  and  ought 
to  have  a  free  motion  from  right  to  left,  or  upw  ards  and  down- 
wards,  as  occasion  may  require,  without  causing  any  material 
alteration  in  the  position  of  the  body.  The  knees  must  neither 
bend  too  much,  nor  appear  stiff.  The  toes  must  be  turned  out 
so  as  to  form  about  half  a  right  angle  with  the  direction-line  in 
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which  the  person  is  walkinf?;  anJ  great  care  shoulil  be  taken  I 
not  to  tliriiw  them  upwards,  but  to  keep  the  sole  of  the  foot  at 
tlie  concluding  part  of  the  step,  nearly  parallel  with  the  ground. 
Tlie  weight  of  the  body  should  rest  more  upon  the  balls  of  the 
toes  tlian  upon  tlie  heels;  by  which  means  the  whole  position 
is  rendi-red  linn. 

II.  Running,  in  which  the  breast  must  be  thrown  well  for- 
ward, and  kept  perfectly  free.  The  upper  parts  of  the  arms 
are  kept  almost  close  to  the  sides  of  the  body  ;  the  clhows 
bent,  so  that  both  parts  of  the  arm  may  form,  at  this  place,  an 
acute  angle  ;  for  the  arms  ought  only  to  move  to  and  fro  in  a 
very  tailing  degree,  in  order  that  the  muscles  connected  with 
the  breast  may  remain,  as  much  as  possible,  at  rest.  At  every 
step  the  knees  are  slretohcd  out,  and  the  tread  must  neither  be 
entirely  with  the  balls  of  the  toes,  since  this  would  ad'cct  the 
calves  too  powerfully,  nor  yet  witli  the  whole  sole  of  the  foot. 

Precautions. — Proceed  gradually,  as  in  all  exercise,  Choose 
a  time  when  the  air  is  cool.  Take  oil'  your  coat  at  the  com- 
mencement of  the  exercise,  and  rcsunie  it  the  instant  it  is  com- 
pleted. Let  the  breast  be  either  quite  exposed,  or  very  thiidy 
covered.  Wear  a  very  light  covering  upon  the  head;  a  straw 
hat  is  best.  The  teacher  should  observe  the  runners,  and  let 
each  cease  as  soon  as  a  strong  perspiration  appears,  and  the 
breath  becomes  very  short. — With  these  precautions,  no  fear 
need  be  entertained  of  the  longest  run. 

Preparatonj  Exercises. — 1.  The  teacher  moves  forward  with 
his  young  pupils,  at  a  moderate  running  pace,  for  live  minutes. 
After  they  have  frequently  run  over  the  ground,  in  this  stated 
time,  it  must  be  gradually  reduced;  for  instance,  first  to  four, 
and  then  to  three  minutes. 

2.  Another  piece  of  ground  should  be  run  over,  at  a  mode- 
rate pace,  during  ten  minutes,  whicli  time  must  also  be  gra- 
dually reduced  as  before. 

In  these  exercises,  the  teacher  must  not  reduce  the  stated 
times,  so  as  to  render  the  exercise  too  violent  for  the  weakest 
of  his  pupils.  He  should  also  pay  parlicular  attention  to  their 
relative  strength,  in  order  to  judge  which  of  them  are  capable 
of  completing  the  more  dilTicult  exercises. 

3.  In  order  to  practise  the  pupils 

in  turning,  the  teacher  should  form  „  ,, 

a  figure  upon  the  cxereise-giound,     ^^^=55. 

similar  to  theannexed  : — In  running    //'        ^ 

through  this,  they  would  be  neeessi-fflj  y((    ^Y  \^ 

tated  to  turn  the  body 

difTerent  directions.     T 

to  be  taken  by  the  runners,  must  be  "  a^  c 

frequently  changed  by  the  teacher. 

They   may   also    run  iti  pairs,    thus: — Two,    of  nearly    equal 

strength,  start  together  at  a,  the  one  taking  the  direction  of 

(I,  e,/,  to  rf,  the  other,  that  of  n,  c,h:  he  Ihiit  reaches  (/  first  is 

the  winner.     The  distance  from/  to  A,  should  be  about  fifty  feet, 

and  that  of  a,  rf,  about  twenty-five  feet. 

Running  is  divided  into  the  quick  run,  and  tlie  long  run, 
which  need  no  explanation:  the  only  faults  to  be  avoided  nre, 
that  the  steps  be  neither  too  long  nor  too  slow,  too  sliort  nor  too 
quick. 

III.  Leaping,  an  excellent  exercise  for  giving  strength  and 
agility  to  the  lower  members,  has,  as  its  preparatory  exercises, 
the  hop  walk,  the  hop  run,  hopping,  striking  of  the  lower  parts 
of  the  back  with  the  feet,  singly  or  doubly;  and  raising  the 
knees. 

Leaping  is  then  divide<l  into  the  high  leap  without  a  run, 
the  high  leap  with  a  run, — the  long  leap,  the  jump  with  the 
run,  spring,  and  descent, — the  deep  leap,  performed  either  with 
or  witliout  the  assistance  of  the  hands. 

IV.  Those  exercises  for  augmenting  the  muscular  powers  of 
the  body  and  Iind)S,  as  prrl'i)rnicd  on  stands  by  Gutzmuth,  are 
represented  in  figs.  C  and  7  of  the  plate  Gymnastics,  and  if 
possible,  the)  should  be  under  cover,  that  the  learners  may  be 
sheltered  from  either  the  rain  or  sun. 

That  shewn  in  fig.  0,  is  about  five  feet  high,  two  feet  in  width, 
and  of  any  convenient  length;  the  upper  surface  of  the  bars 
o,  6,  c,  and  d,  is  rounded  oil'  so  as  to  ho  more  c;isily  grasped  bv 
the  hand.  The  olhir.  in  fig.  7,  cotisisis  of  four  posts,  n.  /;,  c,  d, 
of  which  4  and  c  are  about  liflecn  feet  distant  from  each  other, 
the  one  six,  and  the  other  seven  feet  high.  The  latter  support 
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a  cross-piece,  e,f,  which  is  six  inches  deep,  its  lower  side  three 
inches  wide,  and  its  upper  one  about  two;  altogether  it  in 
shaped  like  the  upper  part  of  the  rail  of  an  ordinary  staircase; 
y, /i,  and  i,  k,  are  two  poles  made  of  fir,  eight  fi  ct  long,  and 
from  two  to  two  inches  and  a  half  thick:  made  round  and 
smooth,  and  of  difierenl  heights,  for  the  convenience  of  the 
learners. 

Exercise  1.  The  learner  raises  himselfinto  the  position  shewn 
at  No.  1,  upr)n  the  stand  a,  b,  c,  d,  and  swings  his  legs  back- 
ward and  forward,  the  higher  the  better,  as  long  as  he  possibly 
can;  during  which  motion  his  feet  will  nearly  describe  the 
semicircle  e,f,  p. 

2.  When  in  the  last  position,  the  learner  makes  a  jump,  as  it 
were,  «itli  his  hands  forward,  and  repeats  it  until  he  arrives  at 
the  end  of  the  stand  ;  whence  he  conmicnccs  jumping  back- 
ward as  far  as  the  other  extremity.  This,  and  the  preceding, 
are  two  excellent  exercises  for  strengthening  the  wrists. 

3.  The  learner,  after  having  raised  himself  into  the  position 
required  in  Ex.  1,  lowers  his  body  so  as  to  bring  his  head  nearly 
on  a  level  with  his  elbows,  which  must  be  kept  exactly  over 
the  bars.  See  No.  2.  The  most  difiicult  part  of  the  exercise 
folhuvs  ;  which  consists  in  raising  himself  again  into  his  former 
position.  This  exercise,  whicli  he  should  repeat  as  often  as 
possible,  is  perhaps  the  best  of  any  for  strengthening  the 
muscles  of  the  chest,  and  particularly  those  which  are  con- 
nected with  the  shoulders. 

4.  As  many  of  the  learners  place  themselves  in  a  row  under 
the  bare,/,  fig.  7,  as  can  find  con\ciiient  room;  the  tallest  are 
nearest  to  the  end/.  The  others  who  are  not  able  to  share  in 
this  exercise,  help  their  companions  up.  so  that  they  may  seize 
the  bar  with  both  hands,  and  then  leave  them  in  that  position. 
Each  now  supports  his  own  weight  with  arms  at  full  length,  as 
long  as  he  possibly  can;  which  forms  the  first  part  of  this 
exercise.  The  second  is  more  difficult:  it  consists  in  keeping 
the  elbows  so  much  bent,  that  one  shoulder  remains  close 
under  the  bar.  Since  it  is  not  in  the  power  of  every  beginner 
to  raise  himself  to  this  position,  the  teacher  must  assist  him 
until  the  required  height  is  attained  ;  it  is  sullieient  tor  him  to 
remain  there  but  a  short  time  at  first.  The  exercise  is  render- 
ed more  lively  by  lotting  the  learners  try  who  can  hang  in  this 
manner  longest ;  but  the  teacher  must  prevent  any  one  from 
overdoing  it. 

5.  The  hands  are  placed  upon  the  liar,  over  opposite  sides, 
fis  seen  in  No.  1.  At  another  time  they  may  be  placod  both  on 
the  same  side.  The  learner  now  draws  himself  so  much  up- 
ward, as  to  be  able  to  see  over  the  bar,  keeping  the  legs  and 
feet  closed  and  stretched  out.  Ho  then  lowers  himself  to  the 
full  length  of  his  arms,  and  again  raises  his  body.  This  exer- 
cise is  very  trying  if  often  repeated.  Most  persons  will  go 
through  it  three,  six,  or  perhaps  nine  times,  but  lew  reach  the 
eighteenth  or  twenty-fourth  time.  It  must  not  be  carried  too 
far,  for  the  muscbs  are  to  be  strengthened,  not  relaxed. 

These  two  exercises  should  be  frequently  repeated,  since 
they  wonderfully  increase  the  muscular  powers,  and  greatly 
facilitate  the  succeeding  exercises. 

G.  The  learner  hangs  with  his  hands  upon  the  bar,  as  before, 
and  then  raises  and  lowers  the  legs  alternately.  See  No.  2. 
The  hands  are  fixed  on  both  sides,  and  at  a  little  distance  from 
each  other;  the  elbows  arc  very  much  bent;  one  shoulder  is 
immediately  under  the  bar,  and  the  upper  parts  of  the  arms  lie 
close  to  the  body.  The  head  now  sinks  backward,  and  at  the 
same  time  the  feet  are  raised  so  as  to  touch  each  other  genllv 
over  the  bar.  From  this  they  again  sink  into  the  hanginir  posi- 
tion. Beginners  who  have  not  thoroughly  practised  the  two 
preceding  exercises,  find  this  one  very  dilficult :  some  makes 
preparatory  swing  with  the  feet  to  assist  them  ;  but  this  is  not 
correct,  since  the  exercise  ought  to  be  performed  entirely 
through  tlie  muscular  force  of  the  arms,  back,  S;e.  It  can  bo 
repeated  six,  nine,  twelve,  eighteen,  twenty-four,  and  ovm 
thirty  times.  The  teacher  is  again  recommended  to  prevent 
any  one  from  overdoing  the  exercise:  the  pupils  should  not  be 
iiiipiiticnt,  but  overcome  every  difficulty  by  practice  alone. 

7.   Let  the  feet,  w  h-n  in  the  position  of  No.  2,  as  required  in 
the  preceding  exercise,  cling  close  to  each  other  over  the  bar, 
and  remain  as  long  as  possilile  in  this  position.     The  Icamerji 
try  to  excel  one  another  in  this  exercise. 
5y 
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8.  Suppose  llie  liody  to  be  in  the  last-mentioned  position, 
viz.  No.  2.  Throw  the  right  arm  and  right  leg  quickly  over 
the  bar,  so  as  to  hang  1o  it  by  the  elbow  and  knee  joints,  as 
seen  in  No.  3.  Clianfic  the  position  with  the  same  quickness 
by  throwing  tlie  left  leg  and  arm  over  the  bar,  in  order  to  rest 
the  other  side.  Finally,  the  body  may  be  made  to  hang  by  the 
ri^-ht  leg  and  left  arm,  and  vice  versa.  This  exercise,  which  is 
[lerformed  upon  the  round  bars  g,  h,  and  ;.  /(,  is  rendered  very 
jretty,  by  tlie  position  of  the  body  and  limbs  being  continually 
varied,  and  is  very  useful  as  a  preparatory  one  to  climbing. 

S>.  Suppose  the  body  to  be  again  in  the  position  of  No.  2. 
Commence  moving  the  hands  one  before  the  other,  either 
towards  e  or  /",  and  let  the  feet  follow,  eillicr  sliding  along  the 
bar,  or  what  is  much  better,  alternately  changing  like  the 
hands,  and  retaining,  in  some  measure,  a  similar  hold.  Con- 
tinue moving  along  the  bar  in  this  manner,  as  long  as  your 
strength  will  permit. 

10.  The  body  hangs  to  the  bar  by  the  hands,  placed  as 
shewn  at  No.  4;  the.se  are  then  moved  either  forward  or  back- 
ward alternately  as  long  as  possible.  This  exercise  is  faulty 
when  the  arms  hang  straight  and  slack  ;  or  w  hen  the  feet, 
instead  of  being  quiet  and  close  together,  are  violently  drawn 
up  and  do«  n.  It  may  be  varied  by  the  learner's  placing  him- 
self in  front  of  the  bar,  hanging  by  both  bands,  and  moving  the 
latter  alternately  sideways. 

11.  Wh'in  a  person  is  in  the  position  of  No.  3,  it  is  very  easy 
for  him  'o  throw  the  left  leg  over  the  bar  and  across  the  right 
one  ;  then  let  to  go  the  arms  entirely,  and  hang  by  the  knee  joints 
only.  This  exercise  is  perfectly  safe,  strengthens  the  knee 
joints,  and  is  often  useful  in  climbing. 

12.  The  body  being  in  the  position  of  No.  2,  the  learner 
endeavours  to  sit  upon  the  bar.  The  first  attempts  frequently 
fail,  since  some  strength  and  agility  are  required.  The  easiest 
way  of  doing  it  is  thus:  suppose  you  wish,  when  in  the  posi- 
tion of  No.  2,  to  get  up  on  )our  right  side  of  the  bar;  take  a 
fast  hold  by  the  right  knee  joint,  grasp  firmly  with  the  right 
hand,  and  bring  the  left  aim  over  the  bar  so  that  tlie  latter  may 
be  exactly  under  the  armpit.  From  this  position,  the  required 
or  riding  one  is  obtained  with  very  little  trouble. 

13.  When  a  person  is  in  the  riding  position  upon  the  bar,  it 
is  very  easy  for  him  to  turn  towards  the  front  of  the  bar  e.f; 
viz.  by  supporting  himself  upon  one  thigh,  while  the  other  leg 
hangs  down.  He  then  moves  along  the  bar  sideways,  by  rais- 
ing his  body  with  his  hands,  which  are  placed  on  the  bar  on 
each  side  of  him.  This  exercise  is  very  useful  in  practising  a 
person  to  proceed  a  great  way  along  a  high  beam. 

14.  The  learner  is  in  front  of  the  bar,  with  his  hands  resting 
upon  it,  as  in  No.  5  ;  he  then  removes  his  hands  either  to 
the  right  or  left,  and  supports  hi;nself,  in  tliis  manner,  as  far  as 
he  can  along  the  bar. 


15.  Suppose  a  person  to  be  supporting  himself  by  the  hands 
upon  the  bar,  as  before.  No.  5;  he  then  throws  his  head  down 
forward,  and  dives,  as  it  were  ;  the  middle  of  the  body  rests 
momentarily  upon  the  bar,  the  feet  swing  upward,  the  whole 
person  turns  completely  round,  and  the  feet  come  to  the  urnund. 
This  is  swinging  round  the  bar  forward  ;  it  is  more  dilhcult, 
but  prettier,  backward.  Supported  by  the  hands  as  before,  the 
learner  swings  his  feet  once  or  twice  backward  and  forward  ; 
when  in  the  last  sw  ing  he  throws  them  quickly  forward  under- 
neath the  bar,  forcing  them  upward  on  the  opposite  side,  and 
tlien  passes  them  over.  See  No.  6.  In  this  he  also  rests 
momentarily  with  the  middle  of  the  body  upon  the  bar,  and 
then  returns  to  his  first  position.  This  swing  round  the  bar 
backward  is  not  easy  at  lirst  ;  it  requires  a  good  deal  of  agility 
and  exertion  of  the  elastic  force.  The  exercise  should  always 
be  performed  upon  a  smooth  round  bar,  as  </,  A,  or  i,k.  Exer- 
cises of  this  kind  admit  of  numerous  variations,  and  boys  soon 
lind  them  out;  but  the  teacher  should  alwajs  stand  by  to 
observe  them,  and  to  give  his  assistance  to  any  one  who  may 
require  it. 

V.  Vaulting,  or  raising  the  body  from  the  ground  quickly  by 
a  spring,  and  giving  it  at  the  same  time  such  a  swing  by  lean- 
ing the  hands  upon  a  fixed  object,  and  poising  tiie  body  if 
necessary,  that  the  leap  may  be  completed  with  facility.  This 
exercise  augments  the  flexihiiity  of  the  arms  and  legs  ;  it  aug- 
ments also  the  muscular  powers  of  the  body,  and  is  serviceable 
in  horsemanship,  coursing,  and  numerous  pastimes  of  youth. 

VI.  Leaping  uitli  a  Pole,  as  the  high  leap,  the  long  leap,  the 
deep  leap — all  of  which  are  a  species  of  vaulting,  in  which  the 
Icaper  carries  a  pole  wiih  him,  which  he  places  exactly  upon 
any  spot  that  oilers  itself,  and  upon  which  he  supports  himself 
during  the  leap. 

VII.  Bnhmeing,  the  art  of  preserving  a  just  equilibrium  of 
the  body  in  whatever  position  it  may  be  placed,  is  a  pleasing 
exercise  confined  to  the  lower  extremities,  or  legs,  and  may  be 
performed  on  the  ground  or  on  a  bar. 

The  balancing  bar  consists  of  the  stem  of  a  tall  and  straight- 
grown  fir,  planed  olf  quite  round,  about  GO  feet  in  length,  and 
placed  ill  a  level  direction  ;  see  a,  b,  in  the  following  figure.  Its 
thickest  end  a,  is  suppoited  by  a  post  c,  and  may  be  raised  or 
lowered  at  pleasure,  by  means  of  an  iron  peg,  made  to  pass 
through  the  holes  bored  in  the  sides  of  the  post.  The  stand  d 
supports  the  bar  somewhere  about  its  centre,  which  can  also 
be  raised  or  lowered  in  this  place.  That  part  of  the  bar  from 
d  to  J,  remains  without  support,  and  consequently  wavers 
when  any  weight  is  placed  upon  it.  The  upper  surface  of  the 
bar  is  usually  about  3  feet  above  the  ground  :  it  may  be  llat- 
tencd  a  little  about  a  foot  from  the  extremity  h. 

Tlie  teacher  condu<:ls  the  pupil,  by  the  hand,  along  the  bar, 
a  few  times.     The  latter  must  keep  bis  feet  turned  outwarii. 


and  his  body  in  an  upright  position.  Little  boys  soon  accus- 
tom themselves  to  walk  upon  the  wavering  end  of  the  bar; 
they  gradually  take  more  courage,  and  learn  to  preserve  their 
balance.  After  a  short  time,  the  teacher  begins  to  give  the 
pupil  less  assistance  ;  instead  of  holding  him  fast  by  the  arm, 
he  now  only  allows  him  to  touch  the  point  of  his  finger,  and  at 
last  only  places  his  hand  before  him. 

2.  The  learner  walks  along  the  bar,  without  the  assistance  of 
the  teacher,  (see  No.  1,)  w  ho,  however,  remains  by  his  side,  at 


first,  in  order  to  observe  the  position  of  his  body,  and  the 
placing  of  his  feet,  and  also  to  assist  him  if  absolutely 
required. 

3.  As  soon  as  the  learner  is  able  to  walk  courageously  along 
the  bar,  preserving  a  good  position  of  the  body,  and  also  to 
spring  olV  without  falling,  whenever  he  may  have  lost  his 
balance,  the  teacher  must  render  his  walk  more  diflicult,  by 
placing  obstacles,  such  as  large  stones,  upon  the  bar,  which  he 
is  cither  to  step  over,  or  to  lift  up;  or  he  may  hold  a  small 
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stick  before  him,  about  tlie  Iicijclit  of  his  knee,  and  ma1:e  him 
step  over  it.  See  No.  2.  The  exercise  is  mafle  more  difficult 
liy  obliging  tlie  learner  to  hold  his  hands  across  Ids  breast, 
instead  of  using  them  to  assist  in  keeping  his  balance. 

4.  Hitherto  the  learner  has  been  accustomed  to  walk  from 
a  to  b,  and  to  jump  olT  from  the  latter  extremity  ;  but  the 
teacher  now  makes  him  Inrn  round  at  b,  and  return  to  «.  He 
ooglit,  however,  to  have  previously  learned  to  turn  himself  well 
npon  the  thick  end  of  !he  bar. 

5.  The  pupil  walks  backward  upon  the  bar;  an  exercise 
which  is  i>ot  at  all  so  difficult  as  it  appears,  if  he  have  acquired 
sufTicient  expertness  in  the  preceding  ones. 

6.  Two  learners  meet  upon  the  bar,  and  wish  to  pass  each 
other.  They  hold  one  another  fast  by  the  arms,  and  advance 
breast  to  breast.  Kach  places  his  right  foot  forward,  close  to 
that  of  his  comrade,  across  the  bar.  See  No.  3.  They  count 
1,  2,  3,  and  turn  completely  round  one  another  at  the  word 
three,  each  making  a  step  with  his  left  foot  round  the  right  one 
of  his  comrade,  as  the  two  learners  have  already  done  at  No.  4. 
The  two  learners  represented  at  No.  5.  are  turning  themselves 
round  after  having  placed  the  left  foot  in  front;  and  have 
completed  the  turn,  except  the  withdrawing  of  this  foot. 

7.  This  is  a  repetition  of  a  preparatory  exercise  to  vaulting, 
applied  to  the  balancing  bar.  When  performed  upon  the 
wavering  part  of  the  bar,  it  is  an  excellent  exercise  in  balanc- 
ing. The  learner  should,  in  repeating  it,  advance  nearer  to 
the  end  6  of  the  bar. 

8.  This  is  a  repetition  of  some  preparatory  exercises,  tir. 
the  silting  down  and  standing  up  on  one  leg,  applied  to  the 
balancing  bar.  See  No.  C  At  one  time,  the  ri^ht,  at  another, 
the  left  leg  is  lowered.  When  this  exercise  is  performed  at 
the  extremity  of  the  bar,  as  in  No.  G,  a  great  deal  depends 
upon  the  steady  position  of  the  body.  It  is  necessary  that  the 
teacher  should  stand  close  hy  the  learner,  in  order  to  assist 
him  in  case  of  his  falling. 

9.  It  is  not  difficult,  when  standing  upon  that  part  of  the  bar 
where  the  wavering  is  slight,  to  raise,  by  aid  of  the  hands,  one 
foot  so  high,  (lowering  the  head  at  the  same  time,)  as  to  be 
enabled  to  kiss  the  toe,  as  shewn  in  No.  7.  When  the  learner 
is  expert  in  this,  let  him  attempt  it  on  the  wavering  end  of  the 
bar,  where  it  is  much  more  dillicult.  The  foot  is  placed  upon 
the  bar,  in  the  direction  of  the  latter.  The  learner  waits  until 
all  wavering  has  ceased  ;  he  then  raises  the  foot  slowly  and 
steadily,  and  bends  forward,  taking  great  care  all  tlie  while  to 
preserve  his  balance.  He  seizes  the  foot  quickly,  but  without 
making  much  motion,  and  conducts  it  to  the  mouth,  llpon 
returning  his  foot  to  the  bar,  he  should  stand  very  steadily 
upon  it. 

10.  Two  learners  meet  upon  the  bar,  and  each  endeavours 
to  push  the  other  oil',  by  using  one  hand.  See  No.  8.  The 
learners  must  recollect  they  are  not  to  give  a  hard  blow,  but 
rather  a  push,  keeping  the  arm  stiff.  This  exercise  teaches 
them  to  maintain  their  position  upon  a  narrow  round  surface. 

11.  A  support  is  placed  under  the  end  b,  of  the  bar,  and  the 
iron  peg  which  supports  the  latter  in  the  stand  H.  is  removed. 
All  the  learners  then  walk  along  the  bar,  at  the  distance  of  two 
paces  behind  each  other.  This  exercise  instructs  the  learners 
in  crossing  a  river  or  ditch  by  means  of  a  long  pole. 

In  walking  along  the  bar,  it  is  necessary  to  turn  the  feet 
outward,  so  as  to  keep  them  more  across  it  than  in  its  own 
direction.  By  observing  this,  the  pupil  is  much  less  liable  to 
slip.  2.  As  the  upper  surface  of  the  bar  is  generally  too 
smooth  in  very  dry  weather,  the  soles  of  the  shoes  should,  in 
that  ease,  be  damped  by  rubbing  them  upon  a  wet  spot  of 
ground.  3.  From  the  nature  of  these  exercises,  it  is  evident 
that  they  should  never  be  performed  with  violence  or  rashness. 
but  rather  with  patience  and  caution.  If  the  bar  swings  too 
much,  you  should  wait  until  it  is  steady,  before  yon  continue 
v\hat  you  have  begun.  4.  The  ground  about  the  bar  should 
consist  of  sand.  .5.  The  teacher  should  always  stand  near  the 
beginner  to  give  him  assistance,  (i.  No  voluiitary  swinging  of 
the  bar,  on  the  part  of  the  learners,  must  he  allowed. 

VIII.  Climliiny  and  IHiiuutinr/.  These  arts  arc  of  the  utmost 
importance  to  the  military,  maritime,  and  civil  inhabitants  of 
Britain.  The  soldier  who  has  been  well  taught  in  the  gym- 
iifiatic  school,  has  an  immense  advantage  over  both  his  com- 


rade and  his  enemy,  in  case  of  an  attack  open  a  place  difficult 
of  access,  such  as  the  stormin.r  of  a  to»vn.  or  the  carrying  of  a 
commanding  height.  The  sailor's  life  is  spent  in  clindiiiig, 
and  he  would  always  feel  the  benelit  of  early  instruction  in 
these  practices.  The  traveller,  afraid  of  danger  or  fatigue, 
passes  rocks  or  mountains  conmianding  tbe  most  beautiful 
prospects,  w  liich,  if  " ell  instructed,  he  miiht  ascend  with  ease 
and  pleasure,  and  the  inhabitant  of  the  i;ity  would  sleep  more 
secure  from  the  apprehension  of  fire,  if  he  felt  conlident  in 
being  able  at  the  shortest  notice  to  descend  the  loftiest  and 
most  awkward  elevations.  Such  security  may  be  promised  to 
hitn  who  has  mastered  the  gymnastic  art,  as  practised  in  vari- 
ous parts  of  (Jermany,  and  as  now  tau>rht  in  Kngland. 

T/ie  Climbing-stand.  This,  with  all  its  appurtenances,  is 
represented  in  the  Plate,  (ig.  5.  It  consists  of  two  strong 
posts  a  and  b  lirndy  fixed  in  the  ground  ;  2()  feet  hii:h,  and 
al)out  .'iO  feet  distant  from  each  other,  'i'hey  support  tlic  beam 
c  d,  which  is  strongly  fastened  to  them.  The  mast  e,  is  fixed 
upright  and  very  firmly  in  the  ground,  and  in  such  a  manner 
as  to  pass  close  by  the  beam  cd.  to  which  it  may  be  attached 
by  means  of  an  iron  band  ;  though  this  is  not  necessary  if  it  be 
supported  by  the  slant  post  q  on  the  other  side  of  the  stand. 
To  the  beam  erf,  are  attached  the  implements  for  climbing;  riz. 
two  polcsy  and  g,  three  ropes  /,  m,  and  n,  a  mpe  ladder  i,  and 
a  mast  It.  The  two  standing-places  u  and  /)  are  intended  for 
the  exercises  in  mounting.  .\  ladder  leads  to  the  lower  one, 
and  is  made  fast  to  the  mast  e;  another  leads  frcun  the  lower 
to  the  upper  one.  The  firm  construcliim  of  these  stan  ing- 
places  must  be  executed  under  the  e\e  of  the  teacher:  the 
upper  one/)  may  be  dispensed  with  if  the  latter  thinks  proper; 
it  is  merely  intended  for  the  purpose  of  streu'^thcning  the 
nerves  of  the  learners  by  accustoming  them  to  look  down  from  . 
a  great  height. 

Climbing  bij  means  of  hnth  Arms  and  Legs.  The  teacher  must 
require  the  learners  to  be  expert  in  the  exercises  given  n 
Section  IV.  pages  425  and  42(i.  before  they  commence  tlie 
following  ones,  to  w  liicli  they  may  be  co-isidered  as  preparatory. 

1.  Beginners  ascend  and  descend  the  ladder  which  is  fixed 
to  the  climbing-stand,  in  the  customary  way,  until  they  acquire 
expertness  and  cotiraje. 

2.  They  descend  w  itli  the  back  turned  towards  tlie  ladder. 

3.  They  mount  and  descend  in  the  usual  way,  but  only  with* 
one  hand;  and,  after  a  little  practice,  carry  something  in  the 
other.     See  No.  I. 

4.  The  learner  goes  np  and  down  without  nsing  his  hands. 
See  No.  2.  The  ascent  is  extremely  easy;  after  which  he 
uses  his  hands  in  turning  mund  so  as  to  have  his  back  towards 
the  ladder  when  descendimr.  In  this  part  of  the  exercise,  the 
teacher  must  always  be  ready  to  assist  him. 

5.  Two  learners  meet  upon  the  ladder,  and  wish  to  pass  each 
other.  They  either  both  remain  on  the  front  part  of  the  lad- 
der, and  give  way  to  each  other  as  much  as  possible,  or,  if  one 
of  them  is  sufficiently  expert  in  the  two  following  exercises,  he 
swings  himself  round  to  the  back  part,  in  order  to  let  his  com- 
panion pass. 

6.  The  exercises  now  commence  on  the  back  part  of  the 
ladder.  The  learner  easily  ascends  from  step  to  step  by 
advancing  his  hands  and  feet,  at  the  same  time,  higher  and 
higher 

7.  The  learner  mounts  along  the  front  part  of  the  ladder 
as  usual  ;  then  swings  himself  round  to  the  back  part,  along 
which  he  descends. 

8.  The  learner  mounts  and  descends  the  ladder  npon  its 
back  part,  without  making  use  of  his  feet.  See  No.  3.  Al- 
though  this  exercise  ought  not,  strictly  speaking,  to  be  in- 
troduced here,  yet  as  we  are  busy  w. tli  the  ladder,  there 
will  be  no  harm  in  mentioning  it  now.  It  may  he  cliiided  into 
two  parts.  The  first  consists  in  taking  fast  hold  of  the  most 
convenient  riindle  with  both  hands,  and  raising  the  body 
forcibly  upward.  At  this  moment,  one  hand  seizes  the  next 
highest  rundle,  and  immediately  afterwards,  the  other  hand 
does  the  same.  Both  hands  ag;iin  raise  the  body  as  before,  &c. 
In  the  second  part  of  this  exi^rcise,  the  hands  seize  the  rundles 
singly  and  altiTualeh  :  which  is  much  more  dilBcuIt,  and  only 
accomplished  by  practised  Icarncis 

9.  Climbing  either  the  Upright  or  Slant  Pole.     The  thicknes3 
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of  the  aprifclit  pole/,  is  from  two  to  two  indies  and  a  half,  or 
more,  accordin":  to  the  size  of  the  learners.  It  must  be  per- 
fectly smooth,  and  void  of  splinters.  5fs  upper  end  is  fastened 
by  an  iron  rinp  to  tlie  beam  c  d.  The  slant  pole  r/  must  be  at 
least  three  inches  thick.  Neither  of  them  is  made  very  fast  in 
the  ground,  but  only  sunk  a  little  into  it,  in  order  that  they 
may  be  easily  replaced  by  poles  of  dillercnt  sizes.  The  posi- 
tion of  the  clindjer  is  the  same  in  both  the  upright  and  oblitpie 
pole,  and  is  shewn  upon  the  latter,  in  No.  4.  Nothing  must 
touch  the  pole  besides  the  feet,  legs,  knees,  and  hands.  The 
climber,  while  he  raises  himself  with  both  hands,  draws  his 
legs  up  the  pole,  as  in  fig.  4,  then  holds  fast  by  them,  and 
again  places  his  hands  hii^her  up.  He  continues  this  alternate 
use  of  the  legs  and  arms  until  ho  has  reached  the  lop.  The 
descent  is  not  at  all  dilTicult ;  it  is  not  performed  similar  to 
the  ascent,  but  merely  by  sliding  quickly  down  with  the  legs, 
without  scarcely  ever  touching  the  pole  with  the  bands,  as 
shewn  in  No.  5.  This  exerrise  is  more  dillicult  upon  the 
oblique  pole,  since  the  hands  are  more  aflected  by  the  weight 
of  the  body.  The  learners  should  be  made  very  perfect  in  this 
exercise,  fur  every  one  ought  at  least  to  be  sulficiently  expert 
in  case  of  lire  to  slide  himself  down  along  a  smooth  pole  placed 
against  the  window  of  a  second  or  third  story  of  a  house. 

10.  Cliinhbif/  llie  Dlast  is  more  diflicult  than  the  last  exercise, 
for  even  when  made  of  a  moderate  size,  it  cannot  be  spanned 
round  by  the  hands.  It  is  fixed  quiie  firm  in  the  ground;  is 
from  six  to  eight  inches  thick  at  the  bottom,  and  thirty  feet 
high.  The  learners  must  not  be  allowed  (o  rlinib  the  mast 
until  they  are  very  expert  at  climbing  the  poles  mentioned  in 
the  last  exercise,  and  are  able  to  get  from  thai,  upon  the  beam 
c  d.  All  climliiim;  succeeds  best  in  hot  weather,  but  more  par- 
ticularly that  of  the  mast.  The  position  of  the  legs  is  the  same 
as  'with  the  pole:  boots  are  the  best  covering  for  the  feet. 
Since  the  mast  is  too  tMck  to  be  grasped  by  the  hands,  the 
climber  must  lay  fast  hold  of  his  left  arm  with  his  right  hand, 
and  vice  versa.  Learners  climb  wjih  ninrh  more  ease  and 
security,  with  naked  arms,  for  the  skin  docs  not  slip  near  so 
easily  as  the  clothes.  A  ciiiiiher  up  tlie  mast  adheres  to  it 
with  his  whole  body,  as  in  U'X,.  6,  until  he  reaches  the  thinner 
part  of  it,  as  appears  from  No.  7. 

11.  Climbint/  the  Hojie-hihhr.  (See  i.  in  the  Plate.)  The 
rope-ladder  should  hive  three  or  four  wooden  riindles  to  spread 
it  out,  and  ought  to  be  made  so  as  not  to  twist  round  and  en- 
tangle win  II  used  ;  if  it  has  this  fault,  it  is  unserviceable. 

It  is  much  more  difiieult  to  mount  the  rope  ladder  than  the 
pole,  the  former  lianging  quite  loose,  and  not  at  all  fastened  at 
the  bottom.  The  muscles  of  tl;e  arms  and  hands  are  very 
much  aflected;  for  the  latter  must,  when  the  learner  is  not 
sufllciently  acquainted  with  this  exercise,  almost  entire'ly  sup- 
port the  body,  which  continually  inclines  backward.  The 
manner  of  proceeding  in  this  exercise  is  easy,  for  it  is  similar 
ito  ascending  a  wooden  ladder ;  but  as  the  rope-ladder  hangs 
perpendicularly,  and  is  very  llexible,  the  steps  upon  which  tlie 
'^jet  rest,  are  generally  pushed  foiward  by  the  unpractised, 
and  the  upper  part  of  the  body  sinks  out  of  the  perpendicular 
position  into  a  very  oblique  one  ;  whereby  the  whole  weight  of 
the  body  becomes  supported  by  the  hands,  and  the  exercise  is 
rendered  so  difficult  that  the  learner  cannot  ascend  very  hii.li. 
To  obviate  tliis,  he  must  always  have  a  fast  hold  of  the  two 
main  ropes,  as  siuvvn  in  fig.  S.  and  keep  the  body,  as  much  as 
possible,  stretched  out  u|ioii  the  ladder  and  upright.  If  the 
ladder  is  sunieieiilly  strong,  the  teacher  allows  two  or  three  of 
his  pupils  to  get  up  and  down  at  the  same  time;  by  whi<-h 
means  they  learn  (o  pass  each  other.  One  hangs  by  a  main 
rope  until  the  other  has  passed  him. 

12.  Climhhif/  either  the  Oblique  or  Level  Rope.  Let  a  rope  be 
fastened  from  one  post  to  another,  or  from  the  beam  cd,  to  an 
adjoining  post  A,  and  in  an  oblique  <iirection.  AnodiT  misht 
also  be  placed  in  a  level  direction,  having  one  end  fastened  at 
k.  and  the  other  to  llic  post  b.  In  either  case  the  learner  fixes 
himself  to  the  rope  as  in  No.  9,  in  the  position  required  in 
Exercise  7,  Section  IV  ;  and  advances  along  the  rope  in  the 
way  required  in  Dx'  r(-ise  9,  Section  IV.  In  this  manner,  a 
number  of  soldiers  mitrht  cross  a  small  river,  with  their  arms 
and  knapsacks,  vvlieu  other  means  failed. 

There  aie  two  ways  of  using  the  legs  in  this  exercise  ;  1st 


exactly  as  in  Exercise  9,  Section  IV.,  so  that  the  feet,  either  in 
ascending  or  descending,  move  forward  along  the  rope  alter- 
nately ;  or  one  leg  only  may  hang  over  the  rope,  and  be  made 
to  slide  along  it;  but  in  both  cases  the  pressure  is  painful, 
pai  liciilarly  if  the  climber  does  not  wear  boots.  The  2d,  which 
is  the  best  method,  is  to  place  the  sole  of  one  foot,  lor  instance, 
the  right.  Hat  itjnm  the  rope,  and  to  lay  the  left  leg  across  the 
instep  of  that  foot;  whereby  the  friction  of  the  rope  is  re- 
moved. 

13.  C'limhinff  the  Upright  Rope.  This  exercise  is  .shewn  in 
the  figure,  upon  two  ropes  I  and  m,  because  the  securing  of  the 
rope  by  the  feet  may  be  done  in  two  difl'erent  ways.  It  is  very 
easy  to  those  who  are  already  expert  at  clinihing  the  upright 
pole.  The  only  difliculty  lies  in  seizing  the  rope  with  the  feet 
so  as  to  obtain  a  firm  support. 

The  first  method  is  shewn  in  No.  10.  upon  the  rope  /.  Knees 
and  thighs  have  nothing  to  do  here  ;  only  the  feet  are  em- 
ploied.  If  the  learner  sit  upon  a  chair,  and  cross  his  feet  in 
the  usual  way,  he  will  immediately  perceive  their  proper  posi- 
tion. The  rope  passes  between  them,  and  is  held  fast  by  pres.s. 
ing  them  moderalcly  together,  while  the  hands  alternately 
grasp  higher  up  ihe  rope.  Hereupon  the  climber,  hanging  by 
bis  hands,  also  draws  his  feet  higher  up,  fixes  them  again  to 
tlie  rope,  and  proceeds  as  before. 

The  second  method,  peculiar  to  sailors,  is  shewn  at  No.  11, 
on  the  rope  m.  The  rope  passes  down  from  the  hands  of  the 
climber,  along  one,  generally  the  right,  ihigh,  not  far  above  the 
knee  ;  winds  round  the  inner  side  of  this  thigh,  along  the  knee- 
hollow  and  the  calf,  and  then  across  the  instep  of  the  right  foot, 
whence  it  hangs  loose.  If  the  climber  only  (reads  moderately 
upon  that  part  of  the  rope  where  it  crosses  the  other  foot,  he 
will,  by  means  of  the  varied  pressure,  obtain  a  firm  support. 
The  exercise  depends  almost  entirely  upon  holding  the  right 
leg  and  foot  so  that  the  rope  may  retain  its  proper  winding, 
after  being  quilted  by  the  left  foot,  when  the  bands  have  been 
raised  for  the  purpose  of  drawing  the  body  higher.  This  is 
easily  acquired  after  a  few  trials.  In  descending,  the  hands 
must  be  lowered  alternately,  as  they  are  raised  in  ascending, 
for  if  the  hands  slide  down  quickly,  they  will  be  injured. 

14.  Resting  vpon  the  Vpriyht  Rope.  This  exercise  not  only 
excites  a  lengthened  power  of  the  muscles,  but  also  tends  to 
promote  expertness  in  dangerous  situations.  Ttis  represented 
in  the  figure,  at  No.  1'2,  upon  the  rope  n  ;  which  must  be  much 
longer  than  what  the  height  requires.  The  climber  mounts  to 
a  moderate  height,  and  then  hanlls;  swims  the  right  foot 
three  or  four  times  round  the  rope,  so  that  this  winds  round 
the  leg;  he  then  entwines  it,  by  means  of  the  left  foot,  once  or 
twice  round  the  risht  one,  which  be  bends  so  as  to  point  the 
toes  upwards,  and  now  treads  the  left  foot  firmly  upon  this  last 
winding.  The  pressure  which  thus  arises  between  the  rope 
and  the  feet,  opposes  the  whole  weight  of  Ihe  bodv.  In  this 
position,  he  can  rest  a  long  time:  but  suppose  he  wishes  to  be 
still  more  at  his  ease  ;  v»ilh  this  intention,  he  lowers  his  hands 
a  little  along  the  rope,  as  shewn  in  fig.  12,  then  holds  fast  with 
the  right  baud,  stoops,  and  grasps  with  the  left,  that  part  of 
the  rope  which  hangs  below  the  feet.  He  raises  himself  agtin, 
and  enlwines  this  part  a  few  times  round  bis  shoulders,  hips, 
and  the  rope  itself,  until  be  is  firmly  entangled. 

1.5.  Cliiiihiiir/  Trees.  The  preceding  exercises  have  been 
applied  to  objects  made  very  firm  and  secure  by  art,  and  were 
therefore,  after  good  preparatory  ones,  attended  without  dan- 
ger. It  is  otlierwisc  with  trees:  their  branches  frequently 
jrive  a  very  insecure  support;  the  nature  of  the  wood  must  be 
considered  ;  consequently,  this  kind  of  climbing  requires,  with 
beginners,  the  careful  attention  of  the  teacher.  The  danger 
does  not  consist  in  clambering  up  the  stem  of  the  tree,  but  in 
climbing  from  one  branch  to  another. 

Prceaulions.  The  teacher  must  only  allow  the  learner  to 
climb  up  low  branches  at  first,  so  that  he  may  narrowly 
observe  his  movements.  He  must  stand  by,  and  warn  him 
from  the  branches  which  appear  insecure,  and  make  him 
acquainted  with  the  important  rule,  to  support  himself  almost 
entirely  by  the  hands,  and  not  to  confide  too  much  to  the  feel, 
since  they  easily  slip  from  oil  the  branches.  Beginners  must 
not  be  allowed  to  perform  this  exercise  in  winter,  for  then  the 
wilhe  ed  branches  arc  not  so  easily  distinguished. 
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The  dilTcrenl  advanlajjcs  nliicli  must  occur  to  the  learner  in 
this  exercise,  increase  with  his  ajfilily  and  courapo.  He  is 
soon  enabled  to  pass  from  the  branches  of  a  tree  to  those  of 
an  adjoiniri;;  one,  and  so  on  along  a  whole  row.  If  he  have 
had  sufficient  praitice  willi  the  rope,  he  will  not  always  clam- 
ber up  and  down  the  slem  of  the  tree,  but  seize  a  suflicieully 
strong  branch,  which  hangs  low  enough  to  be  reached  from  the 
ground  with  his  hands,  and  swing  himself  either  up  to,  or 
down  from  it.  .Should  this  branch  be  sonieuhat  higher,  he  can 
make  a  preparatory  run,  and  catch  it  immediately  after  having 
made  a  spring. 

To  render  this  exercise  more  agreeable,  and  to  try,  at  the 
same  tune,  (he  expertness  of  the  learners,  the  teacher  may 
sometimes  take  them  to  a  group  of  trees;  he  then  counts  15, 
and  during  his  counting,  each  exerts  himself  to  climb  so  high 
up  a  tree  as  to  be  without  the  reach  of  the  teacher's  slick  ;  the 
endeavouring  to  escape  which  excites  great  laughter. 

C'limbiiiff  bij  means  of  the  Arms  only.  This  is  one  of  the  best 
exercises  for  strengthening  all  the  muscles  of  the  diest,  the 
arms,  and  hands  ;  it  is  a  true  criterion  by  which  to  judge  the 
powers  of  llicsc  members,  and  it  also  augments  them  most 
effectually.  We  seldom  find  a  boy  who  is  able,  in  his  eighth  or 
ninth  year,  to  raise  himself  a  little  way  either  up  the  rope  or 
pole  by  his  hands  only.  The  age  of  fourteen  is  generally  the 
time  when  the  arms  become  sulliciently  strong  ;  therefore  some 
attention  must  be  paid  to  this  point,  with  respect  to  tlie 
learners.  The  best  preparatory  exercises  are  the  oth  and  10th 
in  Section  IV.  The  exercise  itself  may  be  applied  to  the 
ladder,  (as  already  given  in  Exercise  VIH.)  \.o  ihe  pole,  and 
the  rope,  either  slanting  or  upright. 

Ex.  1.  CUmbiny  up  the  Pole  bif  the  Hands  only,  is  perhaps 
easier  than  up  the  ladder,  for  with  this  the  body  hangs  quite 
free,  but  with  the  former  one  side  of  the  body  is  close  to  the 
pole,  which  facilitates  the  learner  a  little.  See  No.  1.3.  When 
this  exercise  is  applied  to  the  upright  pole,  the  position  of  the 
body  will  be  good,  if  similar  to  that  represented  at  fig.  13.  The 
feet  hang  loosely,  and  remain  perfectly  steady.  The  climber 
must  not  be  allowed  to  bend  his  knees,  nor  to  stamp,  as  it 
■were,  in  the  air,  nor  to  let  the  pole  come  between  his  thighs. 
There  are  two  methods  of  employing  the  hands  in  this  exer- 
cise. According  to  the  frst,  which  is  the  usual  mode,  both 
bands  raise  the  body  simultaneously  ;  immediately  after  which, 
one  quickly  grasps  the  pole  higher  up,  while  the  other  supports 
the  weight  alone  for  a  moment.  The  second,  in  which  each 
hand  allernately  supports  the  body  alone,  and  the  other,  quite 
free,  seizes  the  pole  higher  up,  in  order  to  raise  the  body 
again,  requires  great  practice  and  considerable  strcugtii  in  the 
arms.  In  climbing  the  slant  pole,  the  position  is  similar  to 
that  in  the  10th  Exercise,  in  Section  TV. 

2.  Climbiny  the  Rope  by  the  Hands  only,  should  be  first  prac- 
tised upon  the  slant  rope,  as  with  it,  the  continual  grasping 
higher  up  is  much  easier.  The  position  of  the  hands  and  of 
the  body  similar  to  that  required  in  climbing  the  pole. 

It  should  be  observed,  that  of  the  preceding  exercises,  all 
those  which  require  more  strength  and  agility  must  not  be 
kept  up  too  long.  Strength  increases  gradually,  its  growth  is 
not  only  combined  with  exercise,  but  also  with  the  develop, 
raent  of  the  corporeal  system.  For  this  reason,  such  exercises 
should  he  frequent  but  not  long. 

E.vercises  in  Mounting.  These  exercises  require  neither 
particular  strength  nor  agility  ;  they  are  intended  to  produce 
fearlessness,  and  the  power  of  looking  down  from  high  stations, 
and  consequently  to  prevent  weakness  of  nerves  and  giddiness. 
The  teacher  will  have  little  dilTiculty  with  boys  accustomed  to 
the  country,  but  he  must  pay  great  attention  to  those  who 
come  from  large  cities,  as  they  are  frequently  weak,  nervous, 
and  timid.  If  any  one  of  them  is  sulliciently  strengthened  by 
the  preceding  climbing  exercises,  and  becomes  bolder  in  climb- 
ing the  pole  and  the  ladder,  he  may  mount  the  first  standing- 
place  o-  If  he  be  very  timid,  then  even  his  climbing  to  the  top 
of  the  pole  will  be  no  certain  proof  of  his  having  lost  his  timi- 
dity, for  the  firmness  with  which  the  climber  clings  to  the  pole, 
gives  him  a  security  which  renders  him  fearless  ;  he  may  still 
be  afraid  of  standing  (|uite  freely  upon  the  ladder  or  the 
standing-place.  Such  a  one  must  only  ascend  higher  up  the 
ladder  gradually,  turn  round,  and  sit  down  upon  a  rundle,  in 
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order  to  accustom  himself  to  look  down  for  a  long  lime  upon 
the  ground.  If  he  finally  climbs  t!ie  poley,  so  as  to  place  him- 
self in  the  riding  position  upon  the  beam  r  (/,  and  can  look 
down  with  inditlerence,  he  may  then  fearlessly  get  upon  the 
lower  standing-place.  But  whoever  can  ascend  the  beam  from 
the  pole,  the  rope,  and  the  rope-ladder,  and  can  shake  the  fane 
of  the  mast,  (see  No.  7.)  may  mount  with  confidence  the  upper 
standing-plai^c  /). 

IX.  Wrestling  exercises  both  legs  and  arms,  excites  every 
muscle,  strengthens  the  chest,  circulates  the  blood,  and  gives 
youth  courage,  patience,  and  perseverance.  It  may  be  said 
to  consist  of  heaving,  fig.  A,  pulling,  fig.  8,  and  fighting  upon  the 
ground,  on  which  the  combatants  used  voluntarily  to  throw 
themselves  down,  as  shewn  in  figures  2  and  3.  This  was  the 
ancient  mode,  in  which  pinching,  biting,  scratching,  and 
luxation,  formed  legitimate  means  of  vanquishing  an  adver- 
sary. We  have  in  modern  wrestling  altered  these  Grecian 
customs,  where  the  virgins  were  taught  to  dance  in  public  at 
certain  festivals,  to  wrestle  with  each  other,  as  in  either  or  all 
the  three  groupes  of  wrestlers  on  the  Plate,  to  run  with  the 
utmost  speed  over  the  adjoining  country,  to  shoot  with  the 
bow,  and  to  launch  the  javelin;  and  all  these  exercises  they 
performed  with  scarcely  any  clothing  to  encumber  them,  and 
without  any  feeling  of  shame,  for  Lyeurgus  thought  that  where 
there  was  no  concealment,  there  was  no  temptation.  See 
Tuseul.  Quaest.  lib.  3,  for  Cicero's  description  of  the  pursuits 
of  these  daughters  of  liberty. 

We  proceed  now  to  consider  Gymnastics  as  tending  to  pre- 
serve or  to  re-establish  health,  by  a  development  of  the  moral 
faculties  and  physical  powers  of  man.  This  is  the  view  which 
the  politician  and  schoolmaster  should  take  of  this  art,  for  the 
posture  master  can  regulate  the  movements  of  the  human 
body,  and  the  Ourang-Outang  has  far  more  agility  and  pliancy 
of  muscular  power  than  man.  But  the  study  of  gymnastics  is 
inseparable  also  from  that  of  medicine  ;  at  any  rate,  the  art  of 
healing  abandoned  the  temples,  and  took  refuge  in  the  aca- 
demies or  schools  ;  and  although  Captain  Clias  be  not  a  phy- 
sician, he  has  given  his  work  quite  a  medical  turn,  interesting, 
above  all  praise,  from  the  edifice  he  rears,  appropriating  its 
parts  to  the  wants  of  life,  and  to  the  laws  of  living  economy. 
I  speak  from  actual  observation  of  this  gentleman's  instructions 
to  the  young  men  at  my  own  school.  Ilis  constant  study 
seems  to  be,  to  determine  the  most  convenient  methods  for 
strengthening  the  powers  of  each  organ,  and  to  increase  the 
energies  of  the  vital  properties.  With  this  view,  he  has  con- 
trived exercises  peculiar  to  the  action  of  each  part  of  the  body  ; 
and  he  begins  at  first  by  the  most  simple  motions,  to  arrive 
progressively  at  the  most  complicated. 

In  speaking  of  gymnastics,  we  arc  not  here  contending  foi 
these  exercises  as  preservatives  of  health,  but  what  is  most 
important,  as  applicable  in  all  the  dilVerent  kinds  of  dangerous 
and  morbid  disorders.  And  the  injuries  that  appear  capable 
of  yielding  to  a  well-combined  and  methodical  movement  oi 
the  lower  extremities,  arc  lumbago,  sciatica,  the  imperfect 
anchiloses,  sprains,  a  bad  eonslruelion  of  the  legs  and  thigh.s, 
palsies,  stillness,  rheumatisms,  gout,  &c.  These  and  other 
morbid  allections  ought  wholly  or  in  part  to  give  way  to  a 
frequent  exercise  of  the  arms,  when  they  have  taken  their 
direction  towards  the  upper  regions  ;  but  as  the  action  of  the 
muscles  of  the  arms  is  almost  always  simultaneous  with  those 
of  the  thorax,  the  same  exercises  «ill  naturally  correct  a  num- 
ber of  disorders  and  deformities  with  which  the  chest  is  threat 
ened.  Thus,  obstinate  coughs,  recent  asthma,  tendency  to  a 
curved  spine,  and  the  vitious  formation  of  the  thorax,  S:o 
would  find,  in  a  great  variety  of  these  movements  for  the  arms, 
an  advantage  (hat  would  be  vainly  sought  for  in  the  usual 
mode  of  treatment.  So  we  are  confident  of  the  salutary  effects 
resulting  from  the  same  practice  on  the  visceras  of  the  abdotneu 

I  have  seen  about  200  different  exercises  performed  agree 
ably  to  Captain  Clias's  directions,  of  which  not  one  could  bo 
classed  among  the  games  and  pastimes  of  Scotland  and  Eng- 
land. And  the  great  merit  of  these  exercises  appears  to  nie 
to  be,  that,  while  the  end  of  each  is  to  increase  tlic  elasticity 
of  the  articulation,  {i.e.  the  joints.)  to  favour  the  development 
of  the  muscular  powers,  to  strengthen  the  body,  and  facilitate 
standing  and  moving  in  any  attitude,  without  losing  the  eciuili- 
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briuni,— they  teach  joutli  also  to  brave  and  avoid  dangers, 
ana  to  overcome  obstacles,  which,  to  others,  would  be  insur- 
mountable. 

I.  The  followin;;  is  a  sketch  of  the  exercises  applicable  by 
Captain  Clias  to  the  lower  extremities. 

I.  Walkint/,  running,  jumping,  which  he  divides  into  walk- 
ing in  general,  preparatory  movements,  and  the  following 
exercises : 


1.  The  ordinary  step. 

2.  Changes  in  place. 

3.  The  double  step. 

4.  The  triple  step. 

5.  Oblique  and  cross  step. 


6.  The  French  step. 

7.  Walking  on  the  heels. 

8.  Kicking. 

i).  The  broken  step. 
10.  The  ticktack. 


It  is  easy  to  perceive  how  much  these  exercises  contribute 
to  devclope  the  force,  the  suppleness,  and  the  agility  of  the 
lower  extremities  ;  as  the  hip,  the  knee,  the  muscles  of  (he 
thigh,  which  make  the  movement,  are  the  parts  most  fatigued. 

2.  Ba/ancint/  on  the  feet  may  be  considered  introductory  to 
dancing,  and  its  exercises  are  ten: 


1.  Balancing  on  one  leg. 

2.  The  school  step. 

3.  The  pace  of  three  times. 

4.  First  balance. 

ft.  To  touch  the  ground. 


6.  The  cross  touch. 

7.  The  touch  of  the  toe. 

8.  The  touch  of  the  heel. 

9.  Changing  the  guard. 
10.  Walk  near  the  ground. 


3.    Running,   which,    from    preparatory   movements,  carries 
the  pupil  through  ten  exercises  : 
1.   Running  in  place. 


2.  Rising  and  crouching. 

3.  Running  in  a  square. 

4.  Spiral  running. 

5.  Sinuous  running. 


6.  Doubling  the  line. 

7.  Running  with  a  stick. 

8.  Running  moderately. 

9.  Prompt  running. 
10.  Precipitate  running. 

Captain  Barclay's  walking  180  miles  without  resting,  and 
still  more,  his  doing  1000  miles  in  1000  successive  hours,  allord 
strong  proofs  of  what  may  be  eflected  by  persevering  exercise; 
and  are  unparalleled  to  any  exercise  of  the  kind  of  which 
foreigners  can  boast. 

4.  Jumping  in  general,  embraces 


1.  Preparatory  movements. 

2.  Rising  &.  touching  behind. 

3.  Trampling  on  the  ground. 

4.  Walking  pace  in  place. 

5.  Trotting  pace  in  place. 


6.  Galloping  pace  in  place. 

7.  Simple  jumping  in  place. 

8.  Redoubled  jumping. 

9.  Continued  jump. 

10.  The  spectre's  march. 


If  the  volume,  strength,  and  suppleness  of  the  members  are 
increased,  by  means  of  exercises,  there  are  none  more  proper 
for  developing  the  lower  extremities  than  these  four  sections. 
The  details  of  these  exercises  occupy  GO  pages  of  the  original 
work  before  me  ;  and  a  judicious  gymnasian  would,  uitliout 
doubt,  vary  and  modify  them  in  a  thousand  circumstances,  of 
which  he  only  can  be  the  judge. 

IT.  The  exercises  of  the  superior  extremities  upon  the  plan 
of  Captain  Clias,  embrace 

1.  The  Movement  of  the  Arms,  consisting  of  these  exercises: 

1.  Raising  them  straight  in  front,  parallel  to  the  cars. 

2.  The  oscillatory,  or  pendulum  movement. 

3.  The  circular,  vertical,  and  superior  movement. 

4.  Developing  before,  striking  behind,  and  detaching  sideways. 
6.  Swinmiing  motions — the  thrust — circling — hovering— point- 
ing to  the  ground. 

2.  Compliented  Blovements  of  the  Arms  and  Feet  together,  in 
place  or  moving  forwards  and  backwards,  may  be  executed  by 
persons  of  all  ages,  and  in  every  station  of  life  ;  for  by  their 
quick  and  rapid  action,  of  short  duration,  but  frequently  re- 
peated, they  are  calculated  to  give  strength  alike  to  the  youth 
and  the  adult,  by  making  them  active  and  pliant  in  their  limbs, 
enabling  the  grown  man  to  maintain  an  equilibrium  between 
the  body  and  mind,  and  the  old  man  to  warm  his  vital  powers, 
which  are  perhaps  nearly  extinguished. 

The  third  chapter  of  the  work  of  Captain  Clias,  treats  of 
complicated  exercises  in  a  series  of  twelve  diflerent  ways  of 
climbing,  wrestling,  swimming,  and  vaulting.  We  arrive  at 
wrestling,  according  to  this  system,  by  a  course  of  preparatory 
exercises  that  serve  as  its  introduction  :  as, 
1.  Kissing  the  ground  in  equilibrium,  on  the  arms  and  the 
points  of  the  feet. 


2.  To  the  ground  backwards,  by  supporting  the  Lcdy  on  the 

hands  and  heels. 

3.  The  seven  or  square. 

4.  The  goat's  jump. 

5.  Squaring  with  the  hands,  or  wrestling  with  the  fists. 
C.   Head  to  head. 

7.  Binding. 

8.  Bending  upwards. 

9.  Wrestling  with  sticks. 

10.  Forming  the  lever. 

11.  The  siiaies,  or  the  trip. 

12.  Taking  the  advantage. 

13.  The  first  fall. 

14.  Wrestling  on  the  ground. 

We  forbear  the  descripiion  of  each  of  these  exercises,  and 
observe  that  they  are  all  the  natural  pastimes  of  youth,  which 
only  require  to  be  directed  by  a  man  capable  of  appreciating 
the  diflerent  dispositions  of  his  pupils,  in  order  to  match  them 
conformably  to  tlieir  strength,  agility,  and  courage. 

Jumping,  running,  and  shipping  in  a  hoop,  devclopes  itself  by 
passing  the  hoop  forward,  in  place  ;  passing  it  behind  ;  run- 
ning through  the  hoop;  making  the  half-passage  sideways,  in 
place  ;  the  entire  passage,  and  the  return  or  passing  above, 
which  are  all  simple,  amusing,  and  healthful  exercises  for 
boys  at  school. 

.Tumping,  running,  and  shipping  with  a  chord,  is  a  well-known 
exercise,  which  might  be  regulated  to  passing  before  or  behind, 
in  place  ;  passing  before  in  running;  skipping  in  place ;  sim- 
ple passing  and  crossing,  in  place  ;  three  alternate  jumps, 
simple,  double,  and  crossing  ;  doubling  right  and  crossed,  and 
doubling  the  cross.  But,  in  short,  elementary  exercises  of  the 
lovver  extremities  may  be  varied  every  hour  during  the  years 
of  pupilage. 

Among  the  complicated  exercises  belonging  to  the  lower 
extremities  is  skating,  for  which  see  Skating. 

Elementary  vaulting  and  the  parallel  bats,  are  also  reserved 
to  Vaulting. 

The  combination  of  all  these  exercises  forms  one  of  the  most 
complete  systems  for  developing  the  muscular  and  physical 
powers  of  man,  that  can  be  devised  in  a  medical  and  political 
point  of  view.  The  arlicles  skating,  swimming,  and  rnnlling, 
which  we  have  reserved  for  their  proper  places,  will  disclose 
the  whole  of  the  Gymnastics  of  Captain  Clias,  and  they  will  be 
accompanied  with  engravings  illustrative  of  the  exercises. 

We  do  not  know  that  we  can  add  any  thing  more  pertinent 
on  this  subject,  than  the  following  remarks,  which  occurred  in 
a  periodical  publication,  which,  though  it  considered  the  book 
of  Captain  Clias  more  circumstantial,  perhaps,  than  was  abso- 
lutely necessary,  yet  admitted  that  the  subject  was  deserving 
of  attention,  in  as  much  as  the  close  confinement  incidental  to 
the  pursuits  (as  well  as  dwellings)  of  men  who  live  in  populous 
cities,  joined  to  the  difhculty  of  finding  convenient  fields  for  air 
and  exercise,  soon  tends  to  produce  an  indisposition  to  active 
amusements.  The  inhabitants  of  London  took  great  pains 
to  correct  this  mischief,  two  centuries  ago,  by  especially  pro- 
moting all  such  games,  and  festivals,  and  diversions,  as  were 
calculated  to  carry  their  youth  into  the  open  air,  and  to  induce 
habits  of  activity  and  bodily  vigour.  In  fact,  king  .Tames  the 
First  was  himself  a  great  promoter  of  Gymnastics,  as  maybe 
amply  seen  in  Sirutt's  Sports  and  Pastimes  of  the  People  of 
England;  but  then  came  Oliver  Cromwell  and  his  sour-faced, 
canting  Puritans,  who  put  an  end  to  these  ratioual  amuse- 
ments. Let  that  pass,  and  turn  we  to  the  advantage  of  the 
course  which  Captain  Clias  has  established,  and  which,  too,  has 
been  fully  admitted  of  late  years  in  most  <:onsiderable  schools; 
where  lads  are  stimulated,  and  even  compelled,  to  run,  leap, 
swim,  and  join  in  other  vigorous  and  manly  diversions  ;  and 
although  it  may  appear  at  first  that  these  are  matters  to  require 
merely  encouragement  rather  than  instruction,  still  any  thing 
like  a  system  not  only  always  forms  the  best  kind  of  encou- 
ragement, but  produces  results  far  more  rapid  and  decisive 
than  any  desultory  attention  can  do-  Therefore,  though  wo 
do  not  go  the  full  length  of  Mr.  Clias's  scheme — such  as  to  per 
ceive  the  convenience  of  teaching  "young  ladies"  to  swim,  or 
quite  understand  what  persons  he  propose."  should  become 
their  instructors — it  is  worth  considering  whether  the  employ- 
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fng  pa.  i  of  tlifir  leisure  hours  in  tlie  practice  of  vaullins,  run- 
liitig,  jumping;,  and  such  vigorous  and  liealllilul  movcnicnls,  is 
not  likely  to  do  lads  from  filteen  to  twenty  years  old  more  (food 
than  breaking  lamps  in  the  street — (the  only  "  f^yninaslic" 
exercise  at  present  in  repute) — or  making  nuisances  of  them- 
selves (more  than  need  must  be)  in  the  passages  of  minor  thea- 
tres. The  evolutions  suggested  seem,  without  exception,  to  be 
very  simple,  safe,  and  extremely  well  calculated  to  improve 
the  various  muscular  actions  of  the  body,  parliculaily  as  regvirds 
lads  who  are  intended  for  the  army  or  navy.  The  habit  of 
steady  fjrm  walking  is  of  itself  alone  an  important  acquirement ; 
running,  jumping,  and  wrestling,  are  also  taught,  and  the 
climbing  ol  ropes  and  poles.  Swimming,  as  regards  London, 
could  only  be  taught  in  particular  places ;  but  one  of  Mr.  Clias's 
hints  on  the  subject— the  advantage  of  practising  eonstaritl\  in 
a  light  jaiket  and  trowsers — seems  not  only  to  be  very  just  as 
regards  the  circumstance  under  which  men  are  generally  most 
peremptorily  called  upon  to  swim,  but  would  go  to  facilitate 
bathing  in  many  situations  where  it  is  now  impossible.  On  the 
general  question,  there  can  be  but  one  opinion  as  to  tlie  ad- 
vantage of  using  all  exercise  which  tends  to  increase  or  develop 
the  powers  of  the  human  frame.  In  fact,  that  which  we  call 
courage,  nineteen  times  in  twenty,  lies  merely  in  a  man's 
knowledge  of,  or  conlidcnce  in,  his  own  faculties,  as  the  con- 
trary feeling  as  generally  arises  from  a  distrust  or  conscious- 
ness of  the  want  of  them.  There  can  be  no  reason  but  this, 
why  one  man  should  feel  quite  at  home  with  a  sword  in  his 
liand,  who  Cuds  gnat  discomfort  in  boxing;  or  another  light  a 
bull  with  all  the  pleasure  in  the  world,  who  would  not  at  all 
like  to  meet  a  Thames-street  carman.  In  the  same  way.  it  is 
matter  of  common  observation,  the  readiness  with  which  those 
classes  accustomcil  to  violent  labour  always  enter  into  per- 
sonal conlliet,  because,  in  point  of  fact,  their  daily  occupation 
is  a  description  of  confli<^t ;  and  so  again  we  have  cases  every 
day  of  prize-lighters  by  profession,  whose  whole  "  fight"  lies  in 
a  conridenee  in  their  own  strength  and  skill ;  and  who — fancy- 
ing themselves  over-matched  in  the  least  point — are  notoriously 
not  men  of  resolution.  The  terms  of  these  teachers  of  "  gym- 
nastics" ought  to  be  very  reasonable,  both  to  bring  their  in- 
struction within  the  reach  of  the  middle  orders,  and  because — 
boys  being  taught  in  large  classes,  which  will  he  the  best  mode 
of  teaching  them— lessons  may  be  given  at  a  low  rate,  and  the 
master  still  well  remunerated.  For  the  practice  in  itself,  we 
are  decidedly  inclined  to  think  it  beneficial ;  and  we  are  glad 
to  see  the  Government  institutions  setting  the  example  of 
giving  it  their  support. 

GYMNETRUS,  a  genus  of  fishes,  of  the  order  of  thoracic!, 
of  which  the  most  remarkable  species  is,  1.  Gymnctrus  ascanii, 
a  native  of  tlie  northern  seas,  which  precedes  or  aecompariii-s 
the  shoals  of  herrings,  and  is  known  by  the  title  of  king  of  the 
herrings. 

GYMNOP.EDIA,  a  kind  of  dance  established  by  Lycur- 
gus,  and  in  use  among  the  Lacedemonians.  It  was  performed 
during  their  sacrifices,  by  young  persons,  who  appeared  in  a 
state  of  nudity,  and,  while  dancing,  sung  a  hymn  in  honour  of 
Apollo. 

GYiMNOPODIA.  Among  the  ancients  this  was  a  species 
of  shoe,  which  discovered  tlie  naked  feet.  They  were  much 
worn  by  the  Grecian  women,  who  were  very  fond  of  them. 

GYMNOSOPHISTS,  a  class  of  Indian  philosophers,  of 
great  fame  in  periods  of  remote  anti(|uily.  They  were  so 
denominated  from  their  going  barefoot.  The  name  is  a  (Jreek 
compound,  signifying  a  sophist  who  goes  naked.  Among  their 
peculiarities,  it  is  said,  that,  on  becoming  old  and  inlirni,  they 
threw  themselves  on  a  pile  of  burning  wood,  to  prevent  the 
miseries  of  an  advanced  age.  Of  this  sect  was  Calamus,  who 
burned  himself  in  the  presence  of  Alexander  the  Great. 

GYMNtJTUS,  or  Elixtuical  Ei-l,  is  the  name  of  a  fish 
which  possesses  in  itself  the  power  of  electricity,  communicat- 
ing it  with  great  cfi'eet  to  all  conducting  bodies  that  come 
within  its  inllucncc.  The  lenglh  of  this  fish  is  from  three  to 
four  or  five  feet  ;  the  head  is  short,  and  sprinkled  with  perfo- 
rated dots;  the  body  blackish,  with  a  number  of  small  annu- 
lar bends  or  wrinkle.";  nostrils  two  on  each  side,  the  first 
large,  tubular,  and  elevated;  the  other  small,  and  not  raised 


above  the  skin  ;  the  teeth  small ;  tongae  broad  ;  and  with  the 
palate  watery. 

GYN/ECEU.M.  Among  the  ancients,  this  was  the  apart- 
ment of  the  women,  in  the  interior  of  the  house,  where  they 
kept  themselves  retired  out  of  the  sight  of  the  men,  and  were 
employed  in  spinning.  Under  the  Roman  enqiernrs  there  was 
a  particular  establishment  of  Gynaccea,  being  a  kind  of  manu- 
factories chiefly  under  the  management  of  women,  for  the 
making  of  clothes  and  furniture  for  the  emperor's  household. 
In  imitation  of  these,  many  modern  manufactories,  particularly 
those  of  silk,  where  a  number  of  females  are  associated,  are 
called  Gynaccea. 

GYN.'E.COCOSMI,  Athenian  magistrates,  in  ancient  times, 
whose  business  it  was  to  regulate  the  apparel  of  women, 
according  to  the  rules  of  modesty  and  decency. 

GYN.ECOCRACY,  a  form  of  government,  in  which  females 
are  eligible  to  the  supreme  command.  This  mode  of  govern- 
ment is  applicable  to  England  and  Spain,  but  the  French  exult 
that  their  monarchy  is  not  gyna^cocralic. 

GYPSIES,  a  wandering  race  of  people,  against  whom  there 
are  several  statutes,  by  which  they  arc  treated  as  rogues  and 
vagabonds. 

GYPSINB  Stovr,  a  name  given  by  some  writers  (o  the 
gypsum  or  fossil  substance,  of  which  the  powder  called  plaster 
(if  Paris,  is  made  by  calcination.  In  many  parts  of  .\rabia 
there  are  vast  rocks  of  this  stone.  It  resembles  alabaster,  but 
is  softer,  and  more  lax  in  texture. 

GYPSINUM  Mi;rAi.Li;.M.  In  the  natural  history  of  the 
ancients,  this  was  a  name  used  for  the  common  lapis  sprnilarii, 
of  which  they  frc(|Ucnlly  made  windows,  as  we  do  of  glass. 
I5y  some  it  was  called  Cyprinum  mctartum,  because  often  found 
in  the  island  of  Cyprus. 

GYP.SOCllI,  a  name  given  to  artists  who  work  in  plaster. 

GYPSUM,  Siilp/iate  af  Lime.  Gypsum  has  probably  been 
formed  by  the  decomposition  of  iron  pyrites,  which  supplied 
the  sulphuric  acid  that  afterwards  utiited  with  the  subjacent 
lime.  As  a  confirmation  of  this,  it  may  be  observed,  that  the 
marl  and  sand  over  gvpsum,  in  many  parts  of  England,  con- 
tain a  large  quantity  of  red  oxide  of  iron.  Gypsum  is  distin- 
guished from  lime  by  its  softness  ;  it  does  not  elfervesee  with 
any  acid,  being  already  saturated  with  the  sulphuric.  In  some 
instances  native  sulphur  is  found  intermixed  with  gypsum  ;  in 
these  eases,  probably  the  sulphuri<;  acid  has  been  decomposed 
by  the  presence  of  animal  or  vegetable  matter  during  the 
decomposition  of  pyrites.  Gvpsum  has  been  occasionally  dis- 
covered in  primary  and  transition  mountains:  it  belongs  more 
peculiarly  to  secondary  stratified  rocks,  but  may  be  formed  in 
all  situalious  where  lime  and  sulphuric  acid  exist  near  to  each 
other.  Though  gypsum  rarely  contains  shells,  bones  arc  some- 
times found  in  it;  hence  it  has  been  supposed,  that  sulphuric 
acid  destroyed  the  traces  of  organization  in  the  former,  which 
consist  of  lime  and  carbonic  acid,  but  acted  with  less  force  on 
bones,  which  contain  phosphoric  acid. 

GYR\TION,  Centri;  of,  in  Mechanics.  When  any  .<!yslem 
of  bodies  is  caused  to  revolve  round  a  centre,  by  the  action  of 
a  force  applied  at  a  given  distance,  w  hicli  remains  unchanged, 
there  will  exist  some  point,  in  which,  if  all  the  matter  be  col- 
le(!ted,  the  same  force  applied  at  the  same  distance  will  gene- 
rate the  same  angular  velocity  in  the  same  time,  as  if  the 
bodies  were  disposed  at  their  respective  distances  :  this  point 
is  called  the  centre  nf  (ii/ralioii. 

GYRF.ALCON,  in  (jrnithology,  is  the  name  of  a  large  and 
fierce  species  of  falcon,  called  in  English  jerfalcon. 

GYRINUS,  ^'n^cr  Flea,  a  genus  of  insects  of  the  order 
coleoptera.  The  insects  of  this  genus  are  found  on  the  surface 
of  waters,  on  which  they  run,  and  describe  circles  with  a  great 
degree  of  swiftness;  when  attempted  to  be  taken,  they  plunge 
to  the  bottom,  drawing  after  them  a  bubble  very  simil.ir  to  a 
globule  of  quicksilver.  Eleven  species  have  been  described,  of 
which  G.  natator  only  is  found  in  Europe. 

GYROV.\(iI,  a  name  gi\en  to  a  tribe  of  vagabond  monks, 
who  leaving  their  monasteries,  under  pretence  of  piety,  wan- 
deied  about  from  one  religious  house  to  another.  The 
same  appellation  was  also  given  to  priists  who  left  their 
parishes. 
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1 J  or  A,  the  ei^litli  letter  and  sixth  consonant  in  our  alphabet ; 
though  some  grammarians  will  have  it  to  be  only  au  aspiration 
or  breathing:,  pronounced  by  a  strong;  expiration  of  the  breath 
between  the  lips,  closintc,  as  it  were,  by  a  gentle  motion  of  the 
loner  jaw  to  the  upper,  and  the  tongue  nearly  approaching  the 

palate.  

H,  used  as  a  numeral,  denotes  200 ;  and  with  a  dash  over  it,  H, 
200,000. 

HABEAS  Corpus,  in  Law,  a  writ  of  various  uses,  and  of 
different  importance.     The  most  efficacious  kind  in  all  manner 
of  illegal  confinement,  is  that  of /tnieas  coj/jk^  ad  subjiiiciuhim, 
wliicir  is   the  subject's   w rit    of  right,    in  cases  where   he  is 
a'^grieved  bv  illegal  imprisonment,  or  any  unwanantable  exei- 
ci'se  of  power.     Uy  the  statute  of  31  Charles  II.  c.  2.  emphatically 
termed   the  habeas  act,  it  is  enacted.  That  ou  complaint,  in 
■writing,  by  or  on  belialfof  any  person  committed  and  charged 
with   any  "crime,  (unless  committed  for  felony  or  treason  ex- 
pressed in  the  warrant,   or   as   accessary,   or  on  suspicion  of 
being  accessary  before  tlie  fact  to  any  petit  treason  or  felony 
plainly  expressed  in  the  warrant,  or  unless  he  be  convicted  or 
charged  in  execution  by  legal  process,)  the  lord  chancellor,  or 
any  other  of  the  twelve  judges  in  vacation,  upon  viewing  a 
copy  of  the  warrant,  or  affidavit  that  the  copy  is  denied,  shall 
(unless  the  party  have  neglected  for  two  terms  to  apply  to  any 
court  for  his  enlargement)  award  an  habeas   corpus  for  such 
prisoner,  returnable  immediately  before  himself  or  any  other 
of  the  judges,  and  upon  return  made,  shall  discharge  the  parly, 
if  bailable,  upon  giving  security  to  appear,  and  answer  to  the 
accusation  preferred  against  him,  in  tlie  proper  court  of  judica- 
ture. That  such  writs  shall  be  indorsed,  as  granted  in  pursuance 
to  the  act,  and  signed  by  the  person  awarding  them.     That  the 
writ  shall  be  returned,   and  the  prisoner  brought  up  within  a 
Hmited  time,  according  to  the  distance,   not  exceeding  in  any 
case  20  days.     That   the   officers    and   keepers  neglecting   to 
make  due  returns,  or  not  delivering  to  the  prisoner  or   his 
agent,  within  six  hours  after  demand,  a  copy  of  the  w  arrant  of 
commitment,  or  shifting  the  custody  of  a  prisoner  from  one  to 
another,  without  sufficient  reason  or  authority,  (specified  in  the 
act.)  shall,  for  the  first  offence,  forfeit  £100,  and  for  the  second 
offence  £200,  to  the  party  aggrieved,  and  be  disabled  to  hold  his 
office.     That  no  person,  once  delivered  by  habeas  corpus,  shall 
be   recommitted   for  the    same  offence,  on   penalty    of  £600. 
That  every   person  committing  treason  or  felony,  shall,  if  he 
require  it,  the  first  week  of  the  next  term,  or  the  first  day  of  the 
sessions  of  oyer  and   terminer,   be   indicted  in   that  term   or 
session,  or  else  be  admitted  to  bail,  unless  the  king's  witnesses 
cannot  be  produced   at  that  time;  and  if  acquitted,  or  if  not 
indicted  and  tried  in  the  second  term  or  session,  he   shall  be 
discharged  from  his  imprisonment  for  such  imputed   oll'ence  ; 
but  no  person,   after  the  assize  shall  open  for  the  county  in 
which  he  is  detained,  shall  be  removed  by  habeas  corpus  till 
after  the  assizes  are  ended,  but  shall  be  left  to  the  justice  of 
the  judges  of  assize.     Thnt  any   such  prisoner  may  move  for 
and  obtain  his  habeas  corpus,  as  well  out  of  the  Chancery  or 
Exchequer,  as  out  of  the   King's  Bench  or  Common   Pleas  ; 
and    the    lord   chancellor,  or  judges,    denying    the   same   on 
sight  of  the  warrant,  on  oath  that  the  same  is  refused,  shall 
forfeit  severally  to  the  party  aggrieved  the  sum  of  £.500.    That 
this  writ  of  habeas  corpus  shall  run  into  the  counties  palatine, 
cinque  ports,  and  other  privileged  places,  and   the   islands  of 
Jersey,  Guernsey,  &c.     That  no  inhabitants  of  England  (ex- 
cept persons  contracting,  or  convicts  praying  to  be  transported, 
or  having  committed  some  capital  offence  in  the  place  to  which 
they  are   sent)  shall  be  sent  prisoners  to  Scotland,  Ireland, 
Jersey,  Guernsey,  or  any  place  beyond  the  seas. 

The  vvrit  of  habeas  corpus  issues  out  of  the  King's  Bench  or 
Common  Pleas,  not  only  in  term,  but  in  vacation,  by  a  fiat 
from  the  chief  justice,  or  any  other  judge  ;  and  runs  into  all 
parts  of  the  king's  dominions.  If  it  issues  in  vacation,  it  is 
usually  returnable  before  the  judge  himself  who  awarded  it. 


and  he  proceeds  by  himself  thereon,  unless  the  term  should 
intervene,  when  it  may  be  returned  in  court. 

To  obtain  this  writ,  application  must  be  made  to  the  court 
by  motion.  This  writ  may  also  be  obtained  to  remove  every 
unjust  restraint  on  personal  freedom  in  private  life,  though 
imposed  by  a  husband  or  a  father;  for  when  women  or 
infants  are  brought  up  by  habeas  corpus,  the  court  will  set 
them  free  from  an  unmerited  or  unreasonable  confinement,  and 
will  leave  them  at  liberty  to  choose  where  they  will  go. 

The  habeas  corpus  «rfy'«cic»ir/«m  et  recipiendum  issues  only  in 
civil  cases,  and  lies  where  a  person  is  sued,  and  in  gaol,  in 
some  inferior  jurisdiction,  and  is  willing  to  have  the  cause 
determined  in  some  superior  court ;  in  this  case  the  body  is  to 
he  removed  by  habeas  corpus,  but  the  proceedings  must  be 
removed  by  certiorari. 

Habeas  corpus  ad  respondendum,  is  where  a  man  hath  a 
cause  of  action  against  one  who  is  confined  by  the  process  of 
some  inferior  court :  in  which  case,  that  writ  is  granted  to 
remove  the  prisoner  to  answer  this  new  action  in  the  court 
above. 

Habeas  corpus  ad  deliberandum  et  recipieyidum,  is  a  writ 
which  lies  to  remove  a  person  to  the  proper  place  or  county 
where  he  commitled  some  criminal  oHVuce. 

Habeas  corpus  ad  salisfaciendum  lies  after  a  judgment,  when 
the  party  wishes  to  bring  up  a  prisoner  to  charge  him  in  exe- 
cution in  the  inferior  court. 

Habeas  corpus  upon  a  ccpi  lies  where  the  party  is  taken  io 
execution  in  the  court  below. 

Habeas  corpus  ad  testificandum  lies  to  remove  a  person  in 
confinement,  in  order  to  give  his  testimony  in  a  cause  de- 
pending. 

HABIT,  in  Philosophy,  an  aptitude  or  disposition  either  of 
mind  or  body,  acquired  by  a  frequent  repetition  of  the  same  act. 
HACKLE,  an  implement  used  in  dressing  flax. 
H.EMANTHUS,  in  Botanv,  blood  llower. 
H-EMATOPUS,  the  Oyster  Catcher,  a  genus  of  birds  of  the 
order  gralla?,  sixteen  inches  in  length,  and   about  the  size  of  a 
crow,  is  to  be  met  with  on  almost  every  sea-shore.     The  gene- 
ral    food  of  these  birds  consists   of  shell-fish  ;  they  force  the 
limpet  from  the  rock,  and  on  perceiving  the  slightest  aperture 
of  its   shells   by  an  oyster,   they   insert   their  bills   in  it  with 
admirable  dexterity,  and  tear  the  tenant  from  his  mansion. 
HyEMATOXYLUM,  logwood. 
HAEMATITES,  blood. stone. 

H/EMORRHAGE,  a  llux  ef  blood  from  any  part  of  the  body. 
H^MORRHAGY,  in  Medicine,  a  flux  of  blood. 
HAGIOGRAPHA,  (Agios,  Holy.)  The  Jews  divide  the  Old 
Testament  into  tlwee  parts.  1.  The  Law,  which  comprehends 
the  five  books  of  Moses;  2.  The  Prophets;  and,  3.  The  Writ- 
ings, termed  by  them  Cetuhitn,  and  bv  the  Greeks  Hagioyrapha, 
whence  the  word  has  been  introduced  into  the  English  language. 
The  Cetubim  comprehended  the  hooks  of  Psalms,  Proverbs, 
Job,  Daniel,  Ezra,  Nehemiah,  Chronicles.  Ruth,  Lamentations, 
Ecclesiastes,  and  Esther.  The  Hayioyrapha  were  distinguished 
from  the  prophecies  because  the  matter  contained  in  them  was 
not  received  by  the  way  of  prophecy,  but  simply  by  direction 
of  the  Spirit. 

HAIL,  or  Hailstones,  in  j\Ieteorology,  an  aqueous  concre- 
tion of  irregular  form,  descending  from  the  atmosphere  like 
frozen  rain,  a  scourge  that  devastates  and  even  annihilates  in 
an  hour  the  richest  crops.  Hailstones  are  seldom  spherical,  as 
their  size  adds  to  their  irregularity,  and  their  cavities  and 
angles  indicate  successive  amalgamations.  As  hail  falls  mostly 
in  summer,  this  would  be  a  matter  of  surprise,  did  we  not 
kuow  the  cause.  The  first  dro])S,  formed  in  the  high  regions, 
by  the  infhicnee  of  greater  cold,  are  almost  immediately  frozen. 
In  falling,  they  traverse  humid  layers,  whose  vapours,  suddenly 
condensed  by  the  contact  of  a  frozen  body,  cluster  round  it  in 
concentric  coats,  and  form  a  mass,  increasing  with  the  interval 
passed. 
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HAILING,  tlic  salutation  or  accosting  of  a  sliip  at  a  dis- 
tance, wliich  is  usually  pciTornicd  uitji  a  speakin;;  trumpet; 
the  first  expression  is  '  hoa,  the  ship  ahoay,'  to  wlilcli  she 
answers  'holloa;'  then  follow  the  requisite  questions  and 
replies,  &,e. 

HAIR,  slender  filaments  issuing  out  of  the  pores  of  the  skins 
of  animals,  and  serving  most  of  them  as  a  covering,  but  some 
animals  in  lieu  of  hair  are  covered  with  feathers,  wool,  and 
scales.  All  hair  appears  round,  jet  tlie  microscope  discovers 
square,  trian;;ular,  and  hexagonal  hairs.  And  though  hair 
usually  appears  on  the  external  surface  of  the  bodies  of  ani- 
mals, there  are  many  testimonies  corroborating  the  fact,  that, 
tJie  tongue,  the  heart,  the  kidneys.  Sic.  have  in  dill'erent  indi- 
viduals been  covered  with  hair. 

Human  hair  makes  a  very  considerable  article  in  commerce, 
especially  since  perukes  have  been  so  generally  used.  The 
hair  of  the  growth  of  the  northern  countries  is  valued  much 
beyond  that  of  (he  more  southern  ones.  The  merit  of  good 
hair  consists  in  its  being  well  fed,  and  neither  too  coarse  nor 
loo  slender.  Its  length  should  be  about  twenty-five  inches. 
Hair  is  bleached  on  the  grass  like  linen,  after  first  washing  it 
out  in  a  bleaching  water,  and  may  be  dyed  of  any  colour. 
When  it  does  not  curl  or  buckle  naturally,  it  is  brought  to  it 
by  art,  first  boiling,  and  then  liaking  it. 

Hair  is  also  used  in  various  oilier  arts  and  manufactures  ; 
and  when  spread  and  left  to  pulrify  on  corn  lands,  proves  good 
manure.  By  an  experiment  of  Uertliollefs,  115'2  parts  of  hair 
yielded  carbonate  of  ammonia,  90  ;  water,  179  ;  oil,  288  ;  gases, 
271  ;  coal,  324  parts. 

From  numerous  experiments,  M.  Vanquclin  infers,  that 
black  hair  is  formed  of  nine  different  substances,  namely, 
1.  An  animal  matter,  which  constitutes  the  greater  part.  2.  A 
white  concrete  oil  in  small  quantity.  .■?.  Another  oil  of  a  gray- 
ish green  colour,  more  abundant  than  the  former.  4.  Iron,  the 
state  of  wliich  in  the  hair  is  unc-ertain.  5.  A  few  particles  of 
oxide  of  manganese.  G.  Phosphate  of  lime.  7.  Carbonate  of 
lime  in  very  small  (|uantity.  8.  Silex,  in  a  conspicuous  quan- 
tity. 9.  Lastly,  a  considerable  quantity  of  sulphur.  The  same 
experiments  shew,  that  red  hair  differs  from  black  only  in  con- 
taining a  red  oil  instead  of  a  blackish  green  oil  ;  and  that 
white  hair  differs  from  bolli  these  only  in  the  oil  being  nearly 
colourless,  and  in  containing  phosphate  of  magnesia,  which  is 
not  found  in  them. 

Hair  is  usually  distinguished  into  various  kinds:  the  stillest 
and  strongest  is  called  bristles,  such  as  that  on  the  backs  of 
swine.  VVhen  remarkably  soft  and  pliable,  it  is  denominated 
wool,  as  that  on  sheep,  and  the  finest  of  all  is  called  down. 

Hair,  or  Down  of  I'lunts,  a  general  tern",  expressive  of  all 
the  hairy  and  glandular  appearances  on  the  surface  of  plants, 
to  which  they  are  supposed  by  naturalists  to  serve  the  double 
purpose  of  defensive  weapons  and  vessels  of  secretion. 

Hair's  Breadtli,  a  measure  of  length,  being  the  48th  part  of 
an  inch. 

HAKE,  in  Ichthyology,  the  English  name  of  the  Gadus,  with 
two  fins  on  the  back,  and  the  under  jaw  longest.  It  grows 
above  two  feet  in  length,  but  is  the  slenderest  of  all  the  gadi. 
See  Gadus,  the  Cud,  p.  346.  _ 

HALBARU,  or  Halbert,  in  the  art  of  war,  a  well-known 
weapon  carried  by  the  sergeants  of  foot,  is  a  sort  of  spear,  the 
shaft  of  which  is  about  six  feet  long.  Its  liead  is  armed  with 
a  steel  point,  edged  on  both  sides,  but  besides  this  sharp  point, 
which  is  in  a  line  with  the  shaft,  there  is  a  cross  piece  of  steel, 
flat  and  pointed  at  both  ends,  but  generally  with  a  culting-edge 
at  one  extremity,  and  a  bent  sharp  point  at  the  other,  so  that 
it  serves  equally  to  cut  down  or  push  withal. 

HALE,  in  the  sea  language,  signifies  pull. 

HALF  Mark,  a  noble,  or  six  shillings  and  eightpencc. 

Half  Moon,  in  Fortification,  an  outwork  composed  of  two 
faces,  forming  a  salient  angle,  whose  gorge  is  in  form  of  a  half- 
moon. 

HALF-PiKE,  a  defensive  weapon,  composed  of  an  iron 
spike,  fixed  on  an  ashen  staff;  its  use  is  to  repel  the  assault 
of  boarders  in  a  manner  similar  to  the  defence  of  the  charged 
bayonet  among  infantry;  hence,  it  is  frequently  termed  a 
Boardinrf-Pihe  ;  it  takes  the  epithet  of  half,  from  its  having  a 
much  shorter  staff  than  the  whole  pike. 


n.VLIOTIS,  in  Natural  History,  the  ear-shr.!l.  Animal  a 
liniax;  shell  univalve,  dilated,  ear-shaped,  with  a  longitudinal 
row  of  orifices  along  the  surface;  spire  lateral,  and  almbxt 
concealed.     There  are  nineteen  species. 

HALLEY,  Edmond,  an  eminent  English  mathematician  and 
astronomer,  was  born  in  London,  October  29,  1660;  to  whom 
the  sciences  are  much  indebted  for  many  important  iniprove. 
ments  and  discoveries. 

H.\LL,  in  Architecture,  a  large  room  at  the  entrance  of  a 
fine  house  or  palace.  The  hall  is  properly  the  finest  as  well  as 
the  first  of  a  suite  of  apartments.  In  halls,  or  saloons, 
ministers  of  state  despatch  business,  give  audience,  &c.  The 
length  of  a  hall  should  be  at  least  twice  and  one-fourth  its 
breadth,  and  in  height  two-thirds  the  breadth. 

HALLI.'VRDS,  the  ropes  or  tackles  usually  employed  to 
hoist  or  lower  any  sail  upon  its  respective  masls  or  slay,  except 
the  cross-jack  and  sprit-sail-yard,  which  are  always  Hung;  but 
in  small  craft  the  sprit-sail-yard  has  halliards. 

HALO,  is  an  extensive  luminous  ring,  including  a  circular 
area,  in  the  centre  of  which  the  sun  or  moon  appears  ;  whose 
light,  pa.ssing  through  an  intervening  cloud,  gives  rise  to  the 
plienoinenon.  Those  about  the  moon  are  most  common.  The 
following  enumeration  will  perhaps  be  more  acceptable  to  our 
readers  than  if  we  treated  of  lunar  haloes  only. 

Corona.  When  the  sun  or  moon  is  seen  through  a  Ihin 
cloud,  a  portion  of  the  cloud,  round  the  sun  or  moon,  appears 
lighlcr  than  the  rest ;  and  this  luminous  disc  is  called  a  corona. 
They  are  of  various  sizes,  but  they  seldom  exceed  1()»  in 
diameter:  they  are  generally  faintly  coloured  at  their  edges. 
Frequently  when  a  halo  encircles  the  moon,  a  corona  sur- 
rounds it. 

Parhelia,  or  mock  suns,  vary  considerably  in  general  appear- 
ance :  sometimes  the  sun  is  encircled  by  a  large  halo,  in  the 
circumference  of  which  the  mock  suns  usually  appear,  which 
have  often  small  haloes  round  them. 

The />rt)«^e/(;nf,  the /«()7it/ion,  and  the  seveial  kinds  oi  hale 
and  corona,  have  all  been  considered  as  resulting  from  the 
intervention  of  clouds  between  the  spectator  and  the  sun  or 
moon,  through  which  the  light  passes.  But  we  must  be  more 
philosophical.  It  is  well  known  that  the  immediate  effect  of 
the  difierent  refrangibility  of  light,  in  producing  colours,  is 
sometimes  spontaneously  exhibited  in  the  atmospherical  phe- 
nomena of  haloes,  parhelia,  and  paraselene  ;  the  edge  nearest 
the  luminary  being  generally  reddish,  and  the  remoter  parts 
green  and  blue,  without  any  well  marked  limitation  of  the 
dillerent  tints.  These  appearances  must  therefore  be  referred 
to  the  refraction  of  the  prismatic  crystals  of  snow,  floating  in, 
and  descending  through  the  atmosphere,  in  all  possible,  but 
especially  vertical  or  horizontal  positions,  and  sometimes, 
peihaps,  from  their  connexion  with  other  crystals,  making 
angles  of  (iO"  with  these  positions. 

At  Danlzic,  in  IGGO,  Hovelius  saw  two  fine  paraselen,-e  :  the 
first,  Ma.'ch  30.     At  about  one  o'clock  in  the  morning,  the  moon 

A    was    surrounded 
by  an  entire  whitish 
circle,   B  C  D  E.  46« 
in  diameter,  in  which 
were      two      mock- 
moons   at  B  D,  one 
at  each  side  of  the 
moon,      of     various 
colours,    and     cini^ 
ting     long      whitish 
beams.     "The  tail   of 
that  on  the  lel'l,  ex- 
tended  towards  the 
thigh      of      Serpen- 
tarius ;    of    that    on 
the     right,    towards 
Jupiter    Ti.      After- 
wards, at  two  o'clock,  a  larger  circle,  of  90<'  diameter,  sur- 
rounded the  less  one,  and  reached  to  the  horizon.     The  tops 
of  both  these  circles  were  touched  by  coloured  arches,  resem- 
bling inverted  rainbows.     The  interior  arch  at  C  was  a  por- 
tion of  a  larger  circle  of  90";  and  the  superior  F  a  portion  of  a 
lesser,  of  l.'A     This  extraordinary  appearance  continued  three 
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hours  ;  tlic  oulwaitl  great  circle  vanished  first;  tlien  the  larspr 
inverted  arch  at  C,  soon  afterwards  the  lesser ;  and,  last  of 
all,  the  inner  circle  B  C  D  E. 

The  second  was  seen  on  December  17,  and  on  the  first  day 
after  the  full  uioon,  at  30'  past  six  in  the  morning,  the  moon 
bein""  12"  high,  she  appeared  with  three  mock-moons  ahout 
her.  The  air  being  very  clear,  the  moon  first  appeared,  sur- 
rounded with  a  double  corona,  near  her  body,  tinged  nilh 
very  bright  and  beautiful  colours.  On  each  side  were  t«o 
arches,  of  a  circle 
about  45'  diameter, 
extending  down  to 
the  horizon,  and 
coloured  like  the 
rainbow;  in  which 
were  two  mock- 
moons,  with  long 
white  tails  ;  that  on 
the  left  was  near 
Procyon,  with  a 
shorter  tail  ;  the 
other  was  longer.  In 
the  upper  part,  where  these  collateral  arches  concurred,  was 
another  arch,  inverted,  and  variously  coloured  ;  in  the  middle 
of  which  was  a  third  n)ock-moon,  duller  than  the  others.  A 
very  extraordinary  part  of  this  appearance  was  a  large,  white, 
rectangular  cross,  through  the  moon's  disk,  whose  lower  part 
reached  down  to  the  horizon,  but  on  each  side  did  not  quite 
touch  the  corona.  It  was  so  very  bright  and  strong,  that  it 
shone  distinctly  and  clearly  till  sun-rise;  but  the  mock-moons 
disappeared  a  little  before. 

During  the  time  that  the  Hecla  and  Griper  were  frozen  up 
in  the  North  Polar  ocean,  several  interesting  meteorological 
phenomena  were  witnessed.  At  ten  a.  m.  Jan.  1st,  1820,  a 
halo,  whose  radius  was  22"  30',  with  three  paraselenae,  w  hich 
irere  very  luminous,  but  not  tinged  with  the  prismatic  colours, 
was  seen  about  the  moon;  and  on  the  following  day  the  same 
phenomenon  occurred,  with 
the  addition  of  a  vertical 
stripe  of  white  light  proceed- 
ing from  the  upper  and  lower 
limbs  of  the  moon,  and  form- 
ing, with  a  part  of  the  hori- 
zontal circle  seen  before,  the 
appearance  of  a  cross,  as 
shewn  in  the  accompanying  diagram. 

There  was  also  at  times  an  arc  of  another  circle  touching 
the  halo,  which  sometimes  reached  almost  to  the  zenith,  and 
changed  the  intensity  of  its  light  very  frequently,  not  unlike 
the  aurora  borcalis. 

On  the  41h  of  March  also,  at  half-past  eleven  A.  M.  a  halo 
appeared  round  the  sun,  at  the  distance  of  22"  17'  from  it,  con- 
sisting of  a  circle  nearly  complete,  and  strongly  prismatic. 
Three  parhelia  or  mock- 
suns  were  distinctly  seen 
upon  this  circle  ;  the  first 
being  directly  over  the 
sun,  and  one  on  each  side 
of  it,  and  its  own  altitude, 
as  in  the  preceding  dia- 
gram. The  prismatic  tints 
were  much  more  brilliant 
in  the  parhelia  than  in  any 
other  part  of  the  circle  ; 
but  red,  yellow,  and  blue, 
were  the  colours  which 
could  be  traced,  the  first 
of  the.?e  being  invariably 
next  the  sun,  in  all  the  phenomena  of  this  kind  that  came 
under  observation.  From  the  sun  itself  several  pencils  of 
rays  of  white  light,  continuous  but  not  very  brilliant,  extended 
in  various  directions  beyond  the  halo,  and  these  rays  were 
brighter  after  they  had  passed  through  the  circle,  than  they 
were  in  the  part  within  it.  This  phenomenon  continued  nearly 
two  hours.  The  aurora  borealis  was  seen  faintly  near  the 
SSW  horizon,  for  three  or  four  hours  before  midnight. 


On  the  8th  of  the  same  month,  from  ten  to  eleven  A.  M  ,  a 
halo  and  three  parhelia  appeared  about  tlie  sun,  in  every 
respect  similar  to  those  seen  and  described  on  the  4th.  About 
one  o'clock  p.  M.,  there  being  a  fresh  breeze  from  (he  north- 
ward, with  some  snow-drift,  the  parhelia  re-appeared,  being 
much  more  bright  and  prismatic  than  in  the  forenoon,  and 
accompanied  by  the  usual  halo,  which  was  nearly  complete, 
and  whose  radius  was  measured  22"  SO*.  The  parhelia  a.  a, 
in  the  foregoing  figure,  on  each  side  of  the  sun,  were  at  times 
so  bright  as  to  be  painful  to  the  rye  in  looking  steadfastly  at 
them.     When  they  were  brightest,  the  light  was  nearly  white. 

HAMMER,  a  well-known  tool  used  by  mechanics,  of  which 
there  are  various  sorts,  but  they  all  consist  of  an  iron  head 
fixed  crosswise  to  a  handle  of  wood.  Among  blacksmiths, 
there  are  the  hand-hammer,  the  uphand  sledge,  the  ahout 
sledge,  which  is  swung  over  head  with  both  aims,  &c. 

HAMMER,  A  Powerful  Forge.  This  hammer  is  intended 
to  be  wrought  by  one  or  more  men,  as  occasion  requires.  It  is 
well  adapted  to  the  forging  of  bricklayers'  trowels,  rounding  of 
ships'  bolts,  beating  gold  or  tinfoil,  planishing  brass,  copper,  or, 
in  short,  for  any  work  in  which  a  large  hammer  is  required 
upon  a  simple  principle.  The  weight  of  the  hammer  is 
seventy  pounds,  yet  one  man  will  work  it  with  the  greatest  ease 
and  accuracy,  and  it  performs  the  work  of  two  or  three  men. 
The  steel  forged  with  it  is  kept  in  excellent  temper;  for  as  it 
does  not  require  to  be  so  often  heated  as  in  the  common  way 
of  working,  it  preserves  a  high  degree  of  elasticity  and  firm- 
ness. 

This  forge  hammer  is  represented  in  the  following  engraving. 

Fig.  1,  A,  a  block  of  oak,  in  which  the  hammer  acts. 

B,  the  wheel  or  nave,  in  which  the  hammer-handle  C  is 
fixed  ;  also  the  chains  which  give  motion  to  the  hammer  by  the 
quadrant  D. 

EE,  are  the  two  levers  which  work  the  quadrant  D. 

FF,  are  the  two  pedals  on  which  the  man  who  works  the 
machine  treads  alternately,  holding  the  levers  EE  in  his  hands. 
When  he  treads  on  the  right  pedal  F,  he  lifts  the  hand-levers 
EE,  w  hich  motion  raises  the  hammer  C  ;  when  he  treads  on  the 
left  pedal,  he  presses  on  the  same  levers,  which  motion  lets 
fall  the  hammer. 


G,  is  a  rack  which  moves  perpendicularly,  by  the  action  of  a 
strong  wooden  spring  H,  placed  in  a  trough  underneath  the 
centre  of  the  machine  ;  the  rack  is  kept  close  to  the  quadrant 
K,  by  a  bridge  a  containing  a  small  friction  roller. 

I,  an  additional  steel  spring,  fastened  to  the  ceiling  over  the 
machine,  in  order  to  assist  the  wooden  spring  H,  when  fewer 
hands  are  at  work. 

K,  is  the  quadrant  contained  in  the  centre  of  the  oak  block 
A,  under  the  nave  B,  which  assists  in  raising  or  depressing  the 
hammer,  by  the  alternate  actions  of  the  pedals  F  F. 

L,  is  a  lever  fixed  on  the  axis  of  the  quadrant  K,  which,  at 
the  time  it  depresses  the  rack  G,  pulls  upon  the  hammer- 
handle  C,  by  the  chain  M,  which  adds  to  the  power  of  the  blow. 
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N  O,  are  the  two  side  levers,  to  be  worked  by  two  men,  when 
more  power  is  required. 

P  P,  are  other  two  pedals,  on  whicli  a  man  treads  alter- 
nately, to  S've  motion  to  the  hammer,  having  an  upright  rod  or 
chain  to  each  pedal ;  one  rod  is  connected  from  the  riffht  pedal 
P,  to  the  lever  O,  which  raises  the  hammer;  the  otlier  rod, 
from  the  left  pedsl  P,  is  connected  to  the  handle  of  the  ham- 
mer C  ;  wlicn  the  man  treads  upon  the  left  pedal  P,  lie  acts 
upon  the  hammer  C,  and,  by  lifting  the  lever  O  with  both 
hands  at  the  same  time,  adds  double  power  to  the  blow. 

Q,  is  a  wooden  spring  or  stop,  which  prevents  the  hammer 
from  rising  too  high,  and  accelerates  the  fall. 

R,  is  a  bridle,  which  supports  the  wooden  spring  Q. 

SS,  are  two  iron  standards,  with  holes  in  each,  to  raise  or 
depress  the  said  spring. 

T,  is  a  wooden  standard,  to  support  one  end  of  the  wooden 
spring  Q. 

V,  is  a  tempered  steel  spring  standard,  to  support  the  ham- 
mer while  out  of  action  ;  it  also  gives  ease  to  the  springs,  and 
prevents  the  heat  of  the  anvil  from  softening  the  face  of  the 
hammer. 

U,  is  a  solid  block  of  oak,  on  which  the  anvil  stands. 

W,  the  anvil,  with  a  hollow  dove-tail  on  the  top,  for  the 
reception  of  diU'erent  faces,  as  the  various  kinds  of  work  may 
require. 

X,  a  steel  face,  dove-tailed  in  the  anvil. 

Y,  a  steel  spring,  which  lies  beneath  the  hammer-handle,  but 
only  touches  it  when  the  hammer  falls  ;  this  spring,  when  the 
heated  metal  is  laid  upon  the  anvil,  and  in  a  soft  state,  pre- 
vents the  hammer  from  falling  upon  it  with  its  full  force.  It 
gives  a  recoil  to  the  hammer,  and  permits  the  workman  to 
modify  or  shorten  the  stroke  of  the  hammer  with  quickness, 
ease,  and  regularity. 

Z,  a  weight  hung  on  the  arm  of  the  quadrant  K,  in  order  to 
counteract  the  power  of  the  hammer  occasionally,  when  light 
work  is  to  be  forged.  The  hanmier  head  with  the  face  let 
into  it  may  be  taken  out  and  changed,  to  suit  dill'erent  kinds  of 
work. 

HAMMOCK,  a  piece  of  hempen  cloth,  six  feet  long  and 
three  feet  wide,  gathered  together  at  the  two  ends  by  means  of 
a  clue,  and  hung  horizontally  under  the  deck,  forming  a  recep- 
tacle for  a  bed.  There  are  usually  from  fourteen  to  twenty 
inches  in  breadth  allowed  between  decks  for  every  hammock 
in  a  ship  of  war;  this  .space,  however,  must,  in  some  measure, 
depend  on  the  number  of  the  crew,  &c.  in  proportion  to  the 
room  of  the  vessel.  In  preparing  for  battle,  the  hammocks, 
together  with  their  contents,  are  all  firmly  corded,  taken  upon 
deck,  and  fixed  in  various  nettings,  so  as  to  form  a  barricade 
against  small  shot.     See  the  article  Engagkmf.nt. 

HANAPBR,  an  office  in  Chancery,  under  the  direction  of  a 
master,  whose  deputy  and  clerks  answer,  in  some  measure,  to 
the /fwn/ among  the  Romans.  The  clerk  nf  the  hnnaper  receives 
all  fines  due  to  the  king  for  seals  of  charters,  patoiils,  commis- 
sions, and  writs.  He  attends  also  the  keeper  of  the  seal  daily, 
in  term,  and  at  all  times  of  sealing,  and  takes  into  his  custody 
all  sealed  cliarters,  patents,  &c. 

HANCHKS,  in  Architecture,  are  intermediate  parts  of 
arches  between  the  crown  and  the  spring  at  the  bottom,  being 
probably  about  one-third  of  the  arch,  and  placed  nearer  the 
bottom  than  the  top.     Hanchcs  are  likewise  called  spnndrells. 

HAND,  a  measure  of  four  inches,  or  of  the  clenched  fist.  In 
Painting  and  Sculpture,  it  signifies  also  the  style  of  the  artist. 
— Hnnrh  are  borne  in  coats  of  armour,  right  and  left, 
expanded  or  open  ;  and  a  bloody  hand  in  the  centre  of  an 
escutcheon,  is  tlie  badge  of  a  baronet  of  (ircat  Britain. 

Handbiikadth,  a  measure  of  three  inches. 
Hand  Cuff'x,  an  instrument  formed  of  two  circular  pieces  of 
iron,  each  fixed  on  a  hinge  on  the  ends  of  a  very  short  iron  bar, 
which  being  locked  over  the  wrists  of  a  malefactor,  prevents 
his  using  his  hands. 

HANDMILI^S,  are  commonly  used  for  some  culinary  pur- 
poses, as  the  grinding  of  colfee,  pepper,  and  tlie  like.  Some- 
times handmills  of  larger  size  are  used  to  grind  malt,  wheat, 
&c.  and  in  such  cases  the  hand  is  generally  applied  to  a  win(Oi 
handle  ;  but  the  ellort  of  a  man  may  be  applied  (o  a  lever  mov- 
ing to  and  fro  horizontally,  nearly  as  in  the  action  of  rowing  ; 


and  this  is  a  very  advantageous  method  of  appljin^  human 
strengih,  the  ellort  being  greatly  assisted  by  the  lieavir.'-ss  of 
the  man  in  leaning  back  :  we  shall  therefore  give  a  brief  de- 
scription of  this  kind  of  mill,  « liicli  is  represented  in  llie  follow- 
ing figure.  The  vertical  shaft  E  (J  carries  a  toothed  wheel  ('. 
and  a  solid  wheel  F  ;  the  latter  being  intended  to  operate  as  a 
regulating  (ly.  Upon  the  crank  A  li  hangs  one  end  of  an  iron 
bar  I,  the  other  end  of  which  hangs  upon  the  lever  II  K  ;  the 
motion  being  pretty  free  at  both  ends  of  this  bar  I.     One  end 


of  the  lever  HK  hangs  upon  the  fixed  hook  K,  about  which  as 
a  centre  of  motion  it  turns.  Then,  while  a  man,  by  pulling  at 
the  lever  H  K,  moves  the  extremity  H  from  H  to  N,  the  bar  I 
acting  upon  the  crank  A  15,  gives  to  the  wheels  C  and  F  half 
a  rotation  ;  and  the  momentum  they  have  acquired  will  carry 
them  on,  the  man  at  the  lever  sullering  it  to  turn  hack  from  N 
to  H,  while  the  other  half  of  the  rntati<in  of  the  wheels  is  com- 
pleted. In  like  manner  another  sunTicient  pull  at  the  lever 
HK  gives  another  rotation  to  the  wheel  C,  and  so  on,  at  plea- 
sure. Tlie  wheel  C  turns  by  its  teeth  the  trundle  D,  the  spindle 
of  which  carries  the  upper  millstone. 

In  this  mill,  the  nearer  the  end  of  the  bar  I  upon  the  lever 
H  K  is  to  tlie  fixed  hook  K,  tlie  easier,  cerleth  paribus,  will 
the  man  «ork  the  mill.  If  the  number  of  teeth  in  the  wheel  C 
be  six  times  the  number  of  cogs  in  the  trundle  1),  then  the 
labourer,  by  making  10  pulls  at  the  lever  H  in  a  minute,  will 
give  (iO  revolutions  to  the  upper  millstone  in  the  same  .space  of 
time. 

HAND  Raimnc.  Hand-railing  is  the  art  of  forming  hand- 
rails by  moulds  according  to  geometrical  rules.  The  principles 
upon  which  this  art  depends,  are  that  of  culling  a  right  prism 
through  any  three  given  points  in  space,  and  that  of  forming  a 
development  of  any  portion  of  the  surface  of  the  prism. 

In  order  to  illustrate  this,  let  the  interior  surface  of  the  sur- 
rounding wall  be  that  of  an  entire  cylinder,  and  let  the  breadth 
of  the  steps  be  divided  into  the  frustums  of  Cijual  and  similar 
sectors,  and  let  the  heights  be  all  equal,  as  is  universally  the 
case;  then,  if  an  interior  cylindric  surface  be  erected  concen- 
tric with  the  wall,  and  the  ends  of  the  steps  or  surfaces  on 
which  we  tread,  and  the  planes  of  the  risers  tending  to  the  axis 
be  supposed  to  meet  the  interior  cylindric  surface,  it  is  evident 
that  if  the  portion  of  the  intercepted  surface  contained  between 
the  indented  line  formed  by  the  ends  of  the  steps,  and  the  cir- 
cumferent  line  at  the  base,  he  developed  or  stretched  out.  all 
the  points  of  the  indented  line  formed  by  the  outward  or  salient 
angles,  will  be  in  the  same  straight  line,  and  all  the  points 
formed  by  the  inward  or  re-entrant  angles  will  be  in  another 
straight  line-  It  is  also  evident,  that  this  will  not  only  be  the 
case  with  cylinders,  but  with  cylindroids,  and  every  other 
description  of  prism  ;  that  is,  the  points  of  the  development 
of  the  indented  line  will  always  have  such  a  position,  that  two 
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straitclit  lines  paiallil  to  each  other  may  be  drawn  througli  the 
whole  number  of  points. 

The  points  of  concourse  of  the  salient  angles  are  called  the 
nosings  of  the  steps. 

Tlie  line  drawn  through  all  the  nosings  of  the  steps,  is 
called  the  line  of  the  nosings. 

Now  let  the  portion  of  the  cylinder  before  uncovered,  be 
again  enveloped,  the  development  in  this  state  becomes  an 
envelope,  and  the  line  of  nosings  becomes  an  uniform  helix, 
which  would  be  the  form  of  the  rail  for  such  a  slair. 

In  this  case  it  would  be  easy  to  execute  the  rail  to  any  length 
we  please,  in  equal  portions  succeeding  each  other ;  for  as  the 
curvature  of  the  helical  line  is  every  where  the  same,  the  same 
moulds  wliich  are  used  in  the  formation  of  one  piece,  would 
serve  for  every  succeeding  piece- 

The  steps  placed  around  the  circular  part  are  termed  wind- 
ers ;  in  these  the  risers  tend  to  the  axis  of  the  cylinder. 

Steps  which  have  their  treads  the  same  breadth,  are  termed 
flyers;  in  these  the  risers  are  all  parallel. 

Very  few  staircases  are  however  entirely  circular,  but  those 
of  the  semi-circii!ar  form,  with  winders  in  the  semi-circle,  and 
flyers  below  and  above,  are  very  numerous  ;  in  such  the  line  of 
nosings  would  be  crooked,  and  would  form  an  angle  at 
the  junction  of  the  flyers  and  the  winders,  and  that 
round  the  semi-circle  would  be  a  helix,  consisting  of  half  a 
revolution. 

In  the  development  of  the  steps,  the  line  of  nosings  would 
consist  of  three  straight  lines,  the  two  straight  lines  through 
the  nosings  of  the  flyers  would  be  parallel  to  each  other,  and 
each  extremity  of  the  middle  one  would  join  one  extremity  of 
each  of  the  other  tw  o  ;  the  angles  are  commonly  taken  away  by 
introducing  a  curve  in  their  places. 

A  hand-rail,  however,  is  not  a  mere  helical  line,  but  a  solid, 
which  may  be  contained  between  two  concentric  c\  lindric  sur- 
faces, or  concentric  prismatic  surfaces.  The  principles  are 
the  same,  whatever  be  the  foimofthe  plan.  A  solid  erected 
upon  any  plan,  is  called  a  prism  ;  a  cylinder  is  therefore  a 
round  prism,  and  a  cylindroid  an  elliptic  prism.  A  hand-rail 
may  stand  upon  a  circular  base,  or  partly  circular  and  partly 
straight,  or  upon  an  entire  elliptic  base.  In  the  construction 
of  hand-rails,  all  prisms  are  exeUided  svhich  consist  of  plain 
surfaces,  or,  which  is  the  same  thing,  where  the  sides  of  the 
plan  consist  entirely  of  straight  lines,  as  in  such  cases,  the  rails 
themselves  are  either  straight,  or  partly  curved  and  partly 
straight  from  the  top  and  lower  sides  only,  the  sides  beiug  in 
vertical  planes. 

We  shall  therefore  confine  ourselves  to  prisms  that  stand 
upon  a  circular  base,  or  upon  an  elliptic  base,  or  upon  a  base 
that  is  partly  circular  and  partly  straight,  or,  lastly,  upon  a 
base  that  is  partly  elliptical  and  partly  straight.  These  two 
last  may  be  said  to  have  compounded  bases  or  plans,  and  the 
former  two  simple  bases  or  plans ;  let  us  call  such  a  prism  a 
curved  prism. 

The  plan  of  any  curved  prism  is  understood  to  be  of  the 
same  breadth,  and  consequently  the  solid  erected  tlurcon  will 
be  every  where  of  the  same  thickness.  The  prism  may  there- 
fore be  a  hollow  cylinder,  or  a  hollow  c)lindroid,  or  a  concave 
body  partly  c\ lindric  and  partly  straight;  the  latter  may  be 
open  on  one  side,  and  may  have  the  four  planes  which  join  the 
curved  surfaces  parallel  to  each  other,  and  tangent  to  each  of 
the  cylindric  surfaces. 

Let  us  therefore  suppose  such  a  prism  as  that  last  mentioned, 
and  let  us  suppose  it  to  be  cut  entirely  through  its  vertical 
surfaces,  in  such  a  manner  that  any  point  in  the  surface  of 
division  may  coincide  with  a  straight  line  every  where  perpen- 
dicular to  the  external  prismatic  surface,  then,  every  such  line 
will  be  parallel  to  the  plane  of  its  base,  and  those  lines  in  the 
cylindrical  part  of  the  prism  will  tend  to  the  axis.  Now  it  is 
evident,  that  the  cut  or  dividing  surface  will  not  be  a  plane, 
but  will  wind  or  twist  between  the  c\lindri(;  surfaces.  It  is 
also  evident,  that  the  cut  may  pass  through  a  line  drawn  in  any 
manner  we  please,  in  one  of  the  prismatic  surfaces  ;  or,  that 
the  (kveliipmcnt  of  this  line  may  have  any  degree  of  curvature 
in  the  whole  length,  or  in  any  portion  of  the  length,  or  may 
even  be  a  straight  line.  One  of  those  being  supposed  to  be 
the  case,  let  the  upper  part  of  the  prism  be  taken  away,  then 


the  upper  surface  of  its  remaining  part  will  be  brought  to  view; 
let  a  line  be  drawn  on  the  exterior  surface,  parallel  to  the 
arris,  and  another  on  the  concave  side,  parallel  to  its  arris  ; 
and  let  another  cut  or  dividing  surface  be  made  to  pass 
through  the  two  lines  thus  drawn,  and  let  the  upper  part  be 
removed  by  this  division,  then  the  part  thus  removed  will  form 
a  solid  helix  or  kind  of  half  screw,  which  may  be  either  uni- 
form in  its  upper  and  lower  surfaces,  or  have  any  degree  of 
curvature  in  any  part  that  may  be  required,  according  to  the 
development  before  mentioned.  This  is  the  form  of  the  rail 
for  such  a  stair,  but  to  form  the  solid  helix,  without  cutting  it, 
from  a  hollow  curved  prism,  is  the  thing  required  to  be  done 
in  hand-railing. 

Now,  seeing  that  two  of  its  sides  are  actually  cylindrical, 
and  would  be  vertical  if  placed  in  position  ;  and  that  the  other 
two  winding  surfaces  may  be  formed  to  any  development  we 
please;  let  us  therefore  take  any  determinate  portion  of  the 
lielical  solid,  as  a  quarter  of  a  revolution,  or  perhaps  something 
more,  as  occasion  may  require,  and  endeavour  to  form  such  a 
portion  or  wreath  out  of  a  thin  plank,  instead  of  cutting  it 
from  a  solid  curved  pi  ism.  Before  this  can  be  done,  it  is 
necessary  to  understand  the  principle  of  cutting  a  prism  through 
any  three  lixed  points  in  space,  by  a  plane  passing  through 
these  points  ;  the  points  may  be  in  the  surface  of  the  prism 
itself,  and  may  be  either  all  in  the  concave  side,  or  all  in  the 
convex  side  ;  or  (lartly  in  the  concave  side,  and  partly  in  the 
convex  side: — That  such  a  supposition  is  possible  will  readily 
appear,  since  any  three  points  are  always  in  the  same  plane; 
and,  therefore,  the  plane  may  cut  the  prism  through  any  three 
given  points. 

The  three  points  through  which  the  section  is  cut,  are  said 
to  be  given,  when  the  seats  are  given  on  the  plane  of  the  base 
of  the  prism,  which  plane  is  understood  to  be  at  right  angles 
to  the  axis  of  the  prism,  and  when  the  distance  or  heights  from 
the  seats  to  the  points  themselves  are  given. 

It  is  always  to  be  understood,  that  the  three  seats  are  not  in 
a  straight  line,  and  consequently  the  three  points  themselves 
not  in  a  straight  line. 

The  scat  of  a  point  in  space  on  any  plane,  is  that  point  in 
the  plane,  where  a  perpendicular  drawn  through  the  point  ia 
space,  cuts  the  plane. 

This  being  established,  we  shall  proceed  to  shew  the  best 
means  of  applying  these  principles  to  hand-raiiing. 

In  the  helical  solid,  the  winding  surface  connecting  the  two 
prismatic  surfaces,  was  defined  to  be  of  such  a  property,  as  to 
coincide  with  a  straight  line  perpendicular  to  the  exterior  pris- 
matic surface,  and  consequently,  if  the  axis  of  the  curved 
prism  be  perpendicular  to  the  horizon,  every  such  line  will  be 
parallel  to  the  base;  now,  let  the  seats  of  three  such  lines  be 
given  on  the  plan,  viz-  let  each  extreme  boundary  be  one,  and 
let  another  be  taken  in  the  convex  side,  passing  through  the 
point  which  would  give  the  middle  of  the  development  of  the 
said  side  of  the  plan;  the  three  seats  would  be  terminated  by 
the  eonve.x  and  concave  sides  of  the  plan,  and  will  always  be 
perpendicular  to  the  convex  side,  and  equal  in  length  to  each 
other.  Let  us  call  the  three  level  lines,  of  which  their  seats 
are  given,  the  lines  of  support;  let  a  plane  be  laid  on  the  three 
lines  of  support,  the  plane  will  either  rest  upon  three  points 
or  upon  one  of  the  said  lines  and  two  points  ;  it  is  evident 
that  the  points  which  come  in  contact  with  the  plane,  will  be 
at  one  extremity  of  each  line  of  suppoit;  let  each  of  these 
points  whiih  come  in  contact  w  ith  the  plane  thus  posited,  be 
called  a  resting  point.  The  three  resting  points  are  the  three 
points  in  space,  tlirougli  which  the  plane  is  supposed  to  pass, 
that  cuts  the  curved  prism. 

Now,  because  that  each  line  of  support  has  two  extremities, 
there  will  be  six  extreme  points  in  all.  but  as  only  three  can  be 
resting  points,  unless  the  plane  coincides  with  one  of  the  lines 
of  support,  it  will  be  proper  to  shew,  whicth  three  of  the  six 
are  the  resting  points.  Let  the  plane,  thus  laid  upon  some 
three  extremities  of  the  lines  of  support,  be  continued  to  inter- 
sect the  base  of  the  curved  prism,  then  the  nearest  extremity 
of  the  seat  of  any  line  of  support  to  the  intersecting  line,  is 
the  seat  of  the  resting  point  of  lliat  line. 

For  this  purpose  let  a  development  of  the  convex  side  of 
*he  rail  be  made  according  to  the  plan  and  rise  of  the  steps. 
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Tlic  part  of  tliis  development  that  is  made  to  bend  round  the 
convex  or  concave  c>lindric  surface  of  the  helical  portion  or 
wreath,  is  called  a  falling  mould,  which  is  supposed  to  be 
brous;ht  to  an  equal  breadth  throughout  its  length.  Only  one 
falling  mould  is  used  in  the  construction  of  hand-rails.  Let, 
therefore,  the  falling  mould  for  the  convex  side  be  constructed, 
and  let  two  straii^ht  lines  be  drawn  from  the  ends  of  the  upper 
cdse  of  that  part  of  the  fallinR  mould  corresponding  to  the 
ends  of  the  wreath,  perpendicular  to  the  base  of  the  whole 
development  ;  also,  let  another  intermediate  line  be  drawn 
parallel  to  the  other  two,  so  as  to  bisect  the  part  of  the  base 
intercepted  by  the  said  two  parallels  :  the  three  parallels  will 
thus  give  the  heights  of  the  three  resting  points,  the  shortest 
height  is  at  one  extreme,  and  the  longest  at  the  other.  Sup- 
pose now,  the  shortest  of  these  three  heights  taken  from  each  of 
the  three,  and  the  remainders  taiicu  at  heights,  instead  of  the 
whole,  then  the  height  of  the  first  resting  point  will  be  nothing, 
and  will  therefore  coincide  with  its  seat;  then,  if  the  middle 
height  be  less  than  half  the  length  of  the  remaining  height,  the 
scats  of  the  resting  points  will  be  the  first  and  second  extre- 
mities of  the  first  and  second  lines  of  support  taken  on  the 
convex  side,  and  the  extremity  of  the  third  on  the  concave 
side.  The  first  resting  point  is  a  point  in  the  intersection  of 
the  plane  of  the  base  with  the  inclined  plane. 

The  process  is  now  completely  reduced  to  that  of  finding 
the  section  of  a  prism  through  three  given  points,  which 
suppose  to  be  done,  and  the  plane  of  section  will  touch  the 
supposed  wreath,  at  the  resting  points  of  each  line  of  support, 
without  cutting  the  wreath  of  any  such  line  — then,  the  three 
lines  of  support  will  be  on  the  same  side  of  the  plane,  viz.  on 
the  under  side.  Let  us  suppose  now,  another  section  taken 
below,  and  parallel  to  the  former,  so  that  the  wreath  may  be 
just  contained  between  these  parallel  sections,  or  planes  ;  the 
distance  between  the  two  sections  will  represent  the  thickness 
of  the  plank. 

The  section  of  the  prism  through  its  vertical  surfaces,  is 
called  the  rake,  or  the  rake  of  the  plan:  and  a  mould  being 
cut  to  the  rake,  is  called  the  face  mould. 

The  above  are  the  general  principles  ;  the  particulars  will  be 
best  understood  by  the  explanations  which  accompany  the 
diagrams  in  the  Plate,  and  the  following  wood  engravings. 

Let  fig.  1,  No.  1,  in  the  Plate,  be  the  plan  of  a  geometrical 
stair,  with  eight  winders  in  the  semi-circle,  and  flyers  above 
and  below;  the  first  or  lower  steps  being  denoted  by  the 
scroll  a  ;  let  t]  I p  m  r  be  the  plan  of  the  part  of  the  rail  that  is 
to  be  formed  in  two  wreaths ;  and  (j  I  and  m  r  straight  parts  ; 
in  order  for  the  better  securing  of  the  wreaths  to  the  straight 
parts  opposite  the  flyers. 

Let  iig.  1,  No.  2,  be  the  development  of  twelve  steps,  in- 
cluding that  of  eight  winders,  two  llyers  below  and  two  above  ; 
P  IJ  being  the  base,  and  BC  the  height.  In  the  base  D  B, 
No.  2,  LPM  is  the  development  of  Ipm,  No.  1,  and  L  D, 
MB,  the  breadths  of  two  steps  corresponding  to  the  plan-  In 
the  height  B  C,  NO  is  the  height  of  the  winders,  and  N  IJ,  O  C, 
each  the  height  of  two  steps  answering  to  the  flyers  at  each 
end.  DEFC,  is  the  line  of  nosings;  the  parts  D  E,  FC,  of 
the  llyers,  being  parallel  to  each  other,  and  joined  by  the  part 
E  F,  the  development  of  the  winders  ;  G  R  H,  and  I  S  K  are 
curves  tanged  by  the  straight  lines  E  D,  E  F,  and  F  E,  F  C,  at 
the  points  G,  H,  I,  K,  or  rounded  off,  as  shewn  at  No.  3,  on  a 
longer  scale,  so  as  to  form  an  agreeable  curved  line  without 
angles. 

The  line  G  R  H  I  S  K  may  be  called  the  line  of  the  rail,  being 
of  the  same  form  as  the  line  bisecting  the  breadth  of  the  deve- 
lopment of  the  rail,  for  the  one  may  be  supposed  to  be  every 
where  of  the  same  height  from  that  of  the  other,  and  therefore, 
the  line  G  R  III  S  K,  may  be  conceived  to  be  the  development 
of  the  rail. 

No.  3  shews  the  manner  of  drawing  the  tanged  curves 
G  R  H,  and  I  S  K  ;  No.  2  the  upper  one  I  S  K,  being  the  same 
as  the  lower  one  G  R  H,  but  inverted. 

No.  2  shews  more  lines  than  are  wanted  in  practice,  in  order 
to  shew  the  connexion  between  the  development  of  the  steps, 
and  the  development  of  the  line  of  the  rail.  But,  as  the  deve- 
lopment of  the  line  of  the  rail  is  all  that  is  wanted,  make  n  4. 
No  4,  equal  to  the  height  of  the  winders,  draw  ac  and  db,  at 
40. 


right  angles  each  with  o6;  make  ae  and  tyeach  equal  to  the 
development  of /;>  or /)  m.  No.  I;  wakeec.  and/</,  the  breadlli 
of  a  step;  dra%v  c i/  and  rf/t  parallel  to  a  l> ;  make  e g  ai)d  d k 
each  equal  to  the  height  of  a  step;  join  eyfk  and  ef;  make 
e  h  equal  to  eg,  andyi  equal  iofli,  and  draw  the  tanged  curves 
grh  and  ish  as  before;  then  ijrliisk.  will  be  the  line  of  the 
rail,  as  in  No.  2;  for  fywill  he  obtained,  equal  to  EF.  No.  2  ; 
and  e  Ig  will  be  the  section  of  a  flyer  at  the  lower  end.  AnAfdk 
the  section  of  a  flyer  at  the  upper  end.  The  breadth  ol  the 
falling  moidd,  in  common  cases,  is  about  two  inches,  therefore, 
'wo  lines  being  drawn  parallel  to  the  line  of  the  rail,  each  at  an 
inch  distance  from  it,  gives  the  complete  falling  moulil  lor  both 
wreaths.  The  two  parts  of  the  falling  mould,  as  divided  by 
ab,  are  equal  and  similar  to  each  other,  and  would  therefore 
coincide  if  applied  together. 

Let  fig.  2,  No.  1,  be  an  enlarged  plan  of  the  rail,  of  double 
dimensions  to  No.  1,  fig.  1,  in  order  that  the  moulds  may  be 
more  exactly  obtained,  and  the  construction  more  clearly  seen. 
Let  A  B  C  D  E  F  G,  fig.  2,  No.  3,  be  the  plan  of  the  part  of  the 
wreath  to  be  formed,  A  G  being  the  scat  of  the  line  of  support 
at  the  lowest  part,  and  I)  E  that  at  the  highest  part:  then  A  is 
the  seat  of  the  resting  point  of  the  lowest  end,  and  E  that  at 
the  highest  end.  Take  the  point  C,  between  A  and  D,  so  that 
C,  in  the  development  of  the  line  A  B  C  D,  may  divide  the  said 
development  into  two  equal  parts. 

Let  ABC  D,  fig.  2,  No.  2,  be  the  development  of  the  curve 
A  B  C  D,  No.  3  ;  the  parts  A  B,  B  C,  C  D,  being  the  respective 
developments  of  A  B,  B  C.  C  I),  No.  :i.  In  No.  2.  draw  UK 
perpendicular  to  I)  B  ;  and  make  D  K  equal  to  the  height  of 
eight  steps;  draw  KS  parallel  and  e<|ual  to  I)  B;  join  US; 
produce  KS  to  T,  and  1)15  to  V  ;  make  ST  and  BY  each 
equal  to  the  breadth  of  a  step  ;  draw  T  U  and  V  W  parallel  to 
D  K  ;  make  T  U  and  V  W  equal  to  the  height  of  a  step  ;  join 
W  B,  B  S,  S  U  :  then  W  B  S  U  is  the  line  of  nosings.  The 
whole  is  completed  as  in  No.  3,  fig.  1.  Draw  A  X  parallel  to 
K  1),  cutting  the  upper  side  of  the  falling  niouhl  at  X  ;  draw  X  Z 
parallel  to  A  D  ;  produce  K  1)  to  Z.  and  let  K  I)  rut  the  top  of 
the  rail  at  I;  through  C  draw  YJ,  paiallel  I"  1)  K,  cutting 
the  top  of  the  rail  at  J,  and  X  Z  at  Y  ;  then  \  i  and  Z  I,  re- 
spectively, are  the  height  of  the  resting  points,  whose  seals 
are  C  and  E,  No.  3.  In  No.  2,  draw  J  R  parallel  to  B  D, 
cutting  D  K  at  R.  In  No.  3,  join  the  seats  E  and  C  of  the 
resting  points,  and  produce  E  C  to  L.  In  J  R,  No.  2,  find  the 
point  O,  by  making  RO  equal  to  EC,  No.  3 ;  join  I  O,  and 
produce  I  O  to  meet  X  Z  at  Q.  In  No.  3,  make  E  L  equal 
to  Z  Q,  No.  2,  and  join  AL;  through  G  draw  H  K,  perpen- 
dicular to  A  L,  and  produce  LA.  to  II;  through  E  draw  Ei 
parallel  to  L  H,  cutting  H  K  at  I;  make  li  equal  to  Z  I,  No.  2, 
and  join  H  I,  and  produce  H  i  to /i.  To  fin<l  any  point  in  the 
curve  of  the  section,  take  any  point  M  in  the  bnuiidary  of  tlio 
plan,  and  draw  M/)  parallel  to  E  i,  cutting  H  i  at />  and  II  I  at 
P;  draw  p  m  at  right  angles  to  II  i,  and  make  p  m  ccpial  to 
P  M,  and  m  is  a  point  in  the  boundary  of  the  rake.  In  like 
manner,  let  M  P  cut  the  concave  side  of  the  plan  at  N  ;  in 
pm  take  pn  equal  to  P  N,  and  n  is  a  point  in  the  concave 
side.  A  sufficient  number  of  points  being  thus  found,  draw 
a  mixed  line,  nh  c  d  efg,  through  the  whole,  and  nbedefg 
is  the  figure  of  the  rake.  For  greater  accuracy  and  despatch, 
it  will  be  necessary  to  find  a  point  in  the  rake  corresponding 
to  the  extremity  of  every  straight  line  in  the  plan,  as  shewn  by 
small  letters  of  the  same  names  as  the  capitals  on  the  plan. 
The  part  A  B  F  G  being  a  parallelogram  on  the  plan  ;  the  cor- 
responding part  abfg,  on  the  section,  is  also  a  parallelogram; 
in  this  case  it  will  be  only  necessary  to  find  the  points  a.g.f. 
Join  ag  and  y f ;  draw  ub  parallel  to///,  andy'i  parallel  Ut  ga, 
and  the  point  b  gives  the  commencement  of  the  convex  curve 
bed,  and  the  point/ that  of  the  concave  curve.  It  remains  to 
be  shewn  that  H  L,  No.  3,  is  the  intersection  of  the  plane  on 
which  the  section  of  the  piism  is  formed:  for  the  point  \  is 
not  only  the  scat  of  the  lowest  resting  point,  but  the  resting 
point  itself.  A  is  therefore  the  point  in  the  intersection  of  the 
cutting  plane.  In  No.  2,  draw  O  A  parallel  to  K  Z,  culling 
BZ  at  A  ;  conceive  the  triangle  I  (^  Z  to  be  removed  to  No.  3, 
so  that  the  point  Z  may  be  upon  E  :  and  because  R  O  A  Z  is  a 
parallelogram,  A  Z  is  equal  to  R  O,  and  R  O  is  equal  lo  E  C 
by  construction;  therefore  the  point  A  will  lall  upon  C:  aud 
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by  construction,  the  point  Q  will  fall  upon  L.  Conceive  the 
triangle,  with  its  base,  thus  coincident  willi  L  E,  to  be  raised 
perpenilicularly  to  the  plan  ;  I  will  be  the  reslinar  point  over  E, 
and  O  the  resting  point  over  C;  therelure  the  points  I  and  E 
will  be  in  the  plane  of  section,  and  conse(|ucntly  be  the 
straight  line  I  O  Q  ;  but  the  point  Q,  now  supposed  to  be  coin- 
cident with  L,  is  coninion  to  the  pl:ine  of  the  base;  and  the 
plane  of  section,  Q,  is  therefore  a  point  in  the  intersection  of 
the  cutting  plane  and  the  base.  The  point  A  has  likewise 
been  shewn  to  be  a  point  in  the  intersection  ;  therefore  the 
straight  line  H  L,  passing  through  the  points  A  and  L,  is  the 
intersection  of  the  culling  plane  with  the  plane  of  the  base. 
The  point  L,  No.  3.  will  be  obtained  also  by  a  fourth  propor- 
tional to  I  R,  I  Z,  R  O,  or  Z  A,  No.  1,  setting  it  from  E  to  L. 

A  mould  being  cut  to  the  form  of  the  section,  ps  here  obtained, 
is  called  by  workmen,  lhey«ce  mould,  wliich  we  shall  suppose 
now  to  be  made. 

To  find  the  Tliichnrss  of  the  Planh,  out  of  which  the  Wreath  is 
to  he  cut. — Let  Z  I,  No.  2,  cut  the  under  edge  of  the  falling 
mould  at  c,  transfer  Ze  upon  K /i,  No.  .3,  from  K  to  o  ;  then 
the  nearest  distance  between  the  point  S  and  the  straight  line 
H  k,  is  the  thickness  of  the  slulf  at  the  upper  joint. 

The  wreath,  when  formed  into  two  prismatic  surfaces,  and 
into  two  winding  surfaces,  is  said  to  be  squared.  This  foinja- 
tion  is  all  that  is  recjuircd  from  geometrical  principles.  Then, 
supposing  the  wreiith  set  in  its  proper  position,  every  section 
made  by  a  vertical  plane,  perpendicular  to  the  convex  side  of 
the  plan,  will  be  a  quadrilateral  with  its  two  vertical  sides 
parallel,  and  at  right  angles  to  the  upper  side,  and  at  obliciue 
angles  to  the  lower  side.  This  arises  from  the  top  being  so 
forined  as  to  coincide  in  every  part  w  ith  the  line  perpendicular 
to  the  prismatic  snrface  as  <lefined,  and  the  lower  win.iing  sur- 
face by  gauging  upon  each  cylindrical  surface  from  the  top. 

To  draw  the  Itiihe  on  the  Slides  of  the  Plank,  in  order  to  plnmh 
the  two  Sides  <if' the  Wreath. — Let  ,\I5CD,  fig.  3,  No.  I,  be  a 
development  of  three  sides  of  plank  ;  let  A  E,  H  I),  be  the  top  ; 
E  F,  G  H,  the  edge  ;  in  breadth  equal  to  the  thickness  of  the 
stuff  obtained  from  No.  3,  and  F  B,  C  G,  the  under  sides;  let 
the  lilies  E  H  and  F  G  be  parallel  to  7;  H,  fig.  2,  No.  3,  in  order 
to  be  more  easily  comprehended,  (as  otherwise,  it  is  not  neces- 
sary ;)  let  abed  ef,  on  the  top  of  the  plank,  be  the  rake  formed 
by  the  face-mould,  the  point  ry  being  in  the  line  HE,  and  the 
line  g  e,  making  the  same  angle  with  r/  E  as  the  line  ij  e,  fig.  2, 
No.  3,  makes  with  (//i,  drawi;K.  making  the  angle  H  (/ K  erpial 
to  the  angle  H  k  K,  or  H  i  I.  or  H  p  P,  fig.  2,  No.  3,  cutting  the 
arris,  (ig.  3,  No.  1.  G  F,  at  K,  then  the  same  mould  being  drawn 
on  the  under  side,  with  the  point  17  at  K,  and  the  chord  eg 
making  the  same  angle  with  K  F,  thatc^,  on  the  upper  side, 
makes  with  y  E,  or  the  distance  of  the  point  e  from  G  F,  on  the 
lower  side,  ecpial  to  the  distance  of  the  point  e  from  H  E,  on 
the  upper  side.  Let  us  now  suppose  lines  drawn  in  the  above 
manner  upon  the  three  corresponding  surfaces  of  the  plank  to 
that  of  the  (iirure.  and  lei  the  phuik  be  cut  out  with  a  bow  saw. 
In  the  act  of  cutting,  the  kerf  must  be  kept  close  to  the  corre. 
spending  lines  of  each  rake,  and  the  line  of  the  teeth  of  the  saw 
parallel  to  <7  K,  and  when  the  piece  of  the  wreath  is  entirely 
divested  of  tlie  superfluous  wood,  the  sides  thus  formed  will  be 
plumbed. 

To  draw  the  Rnke  vpoti  the  Plank  in  every  Position  to  the 
ndjoininrj  arris  of  the  Edge. — Let  fig.  3,  No.  2,  be  a  development 
of  the  plank  as  before,  the  same  letters  referring  I0  the  same 
parts.  Let  abcdefg  be  the  rake  drawn  by  the  face-moubl, 
the  point  9  being  in  the  arris  H  E,  and  the  chord  _f/ e  forming 
any  given  angle  with  the  arris  H  E,  less  than  that  formed  in 
No.  1,  fig.  3,  bv  the  chord  g  e,  and  the  arris  H  E  :  find  g  as  before 
from  No.  3.  In  No.  3,  draw  y\,  making  the  same  angle  with 
the  pitch  line  g  h,  as  g  e  makes  with  //  E,  in  fig  3,  No.  2,  draw 
g  L  perpendicular  to  II  E,  cutting  llie  lower  arris  G  F  in  L; 
make  the  angle  KL/r  equal  to  the  angle  eg  I.  fig.  2,  No.  3; 
make  Lg  ecjual  to  L  K  ;  through  g  draw  M  N,  parallel  to  (i  F ; 
then  drawing  the  rake  upon  the  lower  side  by  the  edge  of  the 
mould,  so  that  the  angle  «/;  N,  on  the  said  lower  side,  may  be 
equal  to  the  corresponding  angle  egE  on  the  upper  side  ;  the 
two  sides  of  the  piece  that  is  to  form  the  wreath  may  be  plumbed 
as  before,  so  as  to  correspond  with  the  plan  when  set  to  its 
position. 


If  it  is  required  to  draw  the  rake  with  each  extremity  of  the 
concave  side  of  the  mould  in  the  arris  of  the  plank  as  in  fig.  3, 
No.  3,  it  is  only  making  the  angle  KL7  e<pial  to  the  angle 
e(//;,  fig.2.  No. 3;  the  rest  is  drawn,  and  the  plumb  side  is 
formed  in  the  same  manner  as  No.  I  and  No.  2,  fig.  3,  which 
suppose  to  be  done,  bend  the  corresponding  part  of  the  falling 
mould,  fig.  2,  No.  2,  round  the  convex  side  of  the  piece  for  the 
wreath  ;  bring  the  points  X  and  J  to  the  plane  at  the  top,  and 
draw  the  line  of  support  at  the  upper  extremity  upon  the  end 
of  the  wreath  ;  now,  bring  the  upper  end  of  the  falling  mould 
close  to  the  extremity  of  the  line  of  support,  and  draw  a  line 
by  the  upper  edge  of  the  falling  mould  ;  cut  away  the  super- 
fluous wood  in  the  manner  before  described,  and  this  will  form 
the  back  or  top  of  the  rail  ;  then  gauge  the  two  vertical  sur- 
faces to  the  same  breadth,  and  cut  the  superfluous  wood  away 
from  the  under  side;  this  portion  of  the  rail  will  then  be 
squared.  The  wreath  for  the  other  portion  above,  is  identi- 
cally of  the  same  form  ;  therefore,  if  two  pieces  are  prepared 
by  the  same  moulds  and  levels,  then  supposing  one  of  these 
wreathed  pieces  to  be  set  in  its  position  for  the  lower  part,  and 
let  the  upper  part  be  set  in  the  same  position,  and  then 
inverted,  so  that  the  top  anil  bottom  ends,  and  the  upper  and 
lower  winding  surfaces,  will  have  changed  places,  but  each  of 
the  vertical  surfaces  kept  still  upon  the  same  side;  let  the 
lower  end  of  the  higher  piece  be  brought  to  contact  with  the 
higher  end  of  the  lower  piece, that  thetwoplanes  may  coincide 
and  form  a  joint  ;  the  helical  solid  for  half  a  revolution  will  be 
forined  out  of  a  straight  plank,  as  required  to  be  done. 

The  two  wreathed  portions  of  a  hand-rail  arc  not  always 
alike,  as  in  the  preceding  example;  this  may  happen  in  dill'c- 
rent  ways,  as  from  one  quarter  of  the  semicircular  part  being 
divided  into  winders,  and  the  other  undi\ided,  or,  from  the 
rail  being  placed  higher  upon  the  winders  than  over  the  flyers; 
but  in  whatever  way  the  variation  fakes  place,  the  application 
of  the  principle  is  the  same  ;  it  only  requires  moulds  to  be 
constructed  for  every  such  variation,  or  separate  part. 

The  intricacy  of  the  diagrams  constriiiMed  upon  the  inven- 
tor's former  principles,  prevented  their  being  generally  under- 
stood, and  very  few  could  practise  with  success.  But  the 
principles  here  laid  down,  are  so  invariable  in  their  result,  so 
simple  and  expeditious  in  their  application,  and  so  easily  to  be 
comprehended,  even  by  a  moderate  capacity,  that  they  cannot 
fail  of  being  introduced  into  general  use.  They  unite  the  requi- 
site properties  of  saving  labour  and  stufl',  the  workman  con- 
structs his  moulds  with  ease,  and  has  less  superfluous  wood  to 
remove.  The  edge  of  the  plank  is  kept  square,  which  entirely 
supersedes  the  bevelling,  and  is  even  in  this  point  attended 
with  a  considerable  saving  of  stulf  and  time,  as  it  allows  suffi- 
cient wood  at  the  ends  to  make  the  heading  joints,  and  as  the 
piece  which  is  cut  out  of  the  rail  piece  from  the  hollow  side, 
rnay  be  turned  into  use  ;  but  if  the  edge  of  the  plank  were 
bevelled,  it  would  require  to  be  much  longer,  in  order  to  form 
the  heading  joints,  and  the  piece  cut  out  would  be  too  trifling 
to  be  employed  to  any  purpose. 

In  addition  to  the  advantages  already  enumerated,  the  work- 
man will  be  encouraged  by  the  clearness  of  the  dillerent  steps 
of  the  process,  which  cannot  fail  of  fully  satisfying  his  mind  as 
to  the  final  result. 

It  is  likewise  a  great  accommodation,  that  any  rail  whatever 
may  be  cutout  of  the  same  thickness  of  plank,  and  that  the 
mould  may  be  applied  in  any  direction  wnich  the  workman 
pleases  to  the  surface,  in  order  to  save  wood  or  match  the  fibres 
at  the  joint. 

The  art  of  forming  hand-rails  round  circular  or  elliptic  well- 
boles,  without  the  use  of  a  c\  Under,  is  entirely  new. 

Price,  the  author  of  the  "  ISritish  Carpenter,"  is  the  first 
person  who  seems  to  have  had  any  idea  of  this  art  ;  the  subse- 
quent writers  following  his  schemes,  w  hich  were  very  uncertain 
in  their  application,  have  added  nothing  to  the  subject,  but 
have  even  throw  11  it  into  greater  obscurity. 

The  first  successful  method  of  scpiaringthe  wreath  or  twist, 
was  invented  and  published  in  the  "  Carpenter's  Guide,"  in 
1792;  and  certainly  was  the  first  wherein  the  process  was  sub- 
jected to  any  thing  like  geometrical  principles,  from  which  the 
result  was  attended  with  success.  In  the  "  Carpenter's  Guide," 
(generally  called  simply  "  The  Guide,")  the   formation   of  the 
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face-mould  was  regulated  by  the  falling  mould  or  the  deve- 
lopment of  the  rail,  not  by  the  rise  and  tread  of  the  steps,  as 
shewn  by  Price  and  his  followers.  When  the  back  or  upper 
surface  of  the  rail  had  a  considerable  concavity,  us  in  the  case 
of  junction  ofllyers  and  winders,  the  consequence  of  this  rofju- 
lationin  many  cases,  in  the  formation  of  the  rail,  was  the  saviug 
of  seven  or  eifflit  inches  in  the  thickness  of  stulf ;  and  thus, 
while  the  method  laid  down  by  Price  reijuircd  a  plank  from 
six  to  nine  or  ten  inc^hes  in  thiikiiess,  according  to  the  decree 
of  concavity  ;  that  in  "  the  Guide"  seldom  re<|uired  a  plank 
more  than  three  inches  thick,  excepliug  in  small  well-holes  of 
three  or  four  inches  in  diameter. 

From  the  great  thickness  of  stuff  to  cut  through,  and  the 
quantity  to  be  taken  away,  the  time  required  to  form  the  piece 
of  wood  into  a  wreath  by  Price's  method,  must  have  been  at 
least  double  to  that  in  "  tlie  Guide,"  and  proportionally  more 
so,  as  the  thickness  of  the  plank  required  by  Price,  was  greater 
than  that  in  "  the  Guide." 

But  though  considerable  advantages  were  thus  obtained  in 
the  saving  of  stulf  and  labour,  it  must  be  observed,  that  an 
elevation  of  the  supposed  vertical  ends  of  the  twisted  piece  at 
each  joint,  and  a  vertical  section  of  the  said  piece,  were 
employed  to  olitain  the  inclination  of  the  plane  of  the  face  of  the 
mould,  or  that  of  the  faces  of  the  plank  ;  this  inclination  was 
only  correct  when  the  planes  of  the  lai'cs  of  the  plank  were  at 
right  angles  with  the  chord  plane,  or  that  passing  through  the 
chord  of  the  plan  of  the  wreath;  but  when  inclined  to  the  chord 
plane,  required  thicker  stufi',  in  proportion  to  the  degree  of 
obliquity,  whether  more  acute  or  more  obtuse. 

The  method  shewn  in  "  the  Guide,"  was  also  the  first  attempt 
to  spring  the  plank,  that  is,  to  make  its  plane  rest  upon  three 
parts  of  the  rail ;  and  though  the  utmost  degree  of  perfection 
was  not  attained,  it  has  been  of  great  use  to  workmen,  as  all 
the  hand-rails  of  stairs  in  and  about  London,  and  in  most  parts 
of  England,  have  been  executed  ujjou  its  principles  for  upwards 
of  thirty  years. 

To  obtain  still  greater  correctness,  the  inventor  tried  another 
method,  by  setting  up  three  heights,  supposed  to  be  on  the 
surface  of  a  curved  prism,  in  the  middle  of  the  rail  ;  but  this, 
though  still  nearer  than  that  published  in  "the  Guide,"  did  not 
give  him  entire  satisfaction  ;  for  the  resting  points  being  in  the 
middle  of  the  rail,  the  plane  of  section  which  formed  the  face- 
mould  did  not  clear  all  the  three  sections  without  cutting  into 
the  solid  of  the  wreath. 

In  the  pursuit  of  truth,  he  was  led  to  consider  what  would 
be  the  real  resting  points.  It  readily  appeared,  that  alevtl 
line  drawn  towards  the  axis  of  tlie  well-hole,  might  be  made 
to  coincide  in  every  part  with  the  top  of  the  rail;  that  il  the 
plane  of  the  top  of  the  plank  be  supposed  to  be  placed  on  three 
vertical  sections  of  the  supposed  rail  in  contact  with  a  point  in 
each,  or  coincident  with  the  whole  line  of  support  of  one  of  the 
sections,  and  with  a  point  in  each  of  the  other  two  ;  and  the 
surface  of  the  plank  thus  inclined  be  supposed  to  be  prolonged, 
to  intersect  the  horizontal  plane  of  the  base,  the  intersection 
would  always  point  out  the  resting  points,  and  shew  their  true 
seats  upon  the  plan.  From  this  consideration,  it  was  evident 
that  the  resting  point  of  each  section,  and  consequently  each 
seat,  was  that  extremity  of  each  section  next  to  the  intersecting 
line  of  the  plane  of  the  plank  and  that  of  the  plan. 

This  theory  being  applied  to  practice,  has  given  the  utmost 
satisfaction,  both  in  the  saving  of  stulf  and  time  ;  the  diagram 
foi  the  face-mould  is  completely  divested  of  all  cross  and 
oblique  lines,  and  is,  perhaps,  in  the  most  simple  form  to  which 
it  can  possibly  be  reduced  ;  the  plane  of  section  comes  in  eon- 
tact  with  the  tops  of  three  vertical  sections  of  the  rail  in  every 
case  whatever,  and  thus  every  desideratum  is  obtained  by  the 
mos'  simple  means. 

Therefore,  in  practice,  if  we  suppose  the  section  of  the  rail 
to  be  two  and  a  quarter  inches  horiz<intally  in  breadth,  and  two 
inches  in  thickness  (as  is  generally  the  case,)  a  plank  of  two 
and  a  half  inches  thick  will  be  sullicient  for  a  rail,  with  any 
degree  of  concavity  or  convexity  on  the  bark. 

We  shall  now  proceed  to  the  illustration  of  the  subject  by 
the  figures  which   represent  the  solids  themselves  :  — 

Fig.  1,  is  a  plan  of  the  cylinder,  with  the  elevation  of  the 
helical  line,  which  is  found  by  dividing  the  height  into  equal 
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parts,  and  the  circumference  of  the  base  into  equal  parts  also, 
then  drawing  the  lines  through  the  points  of  division,  as  in  the 
figure. 

Fig.  2,  a  representation  of  the  solid  helix  twisting  round  the 
c\linder,  making  a  con- 
tinued rail  upon  a  circu-  ■^'^^■^' 
lar  plan  ;  the  curvature  of 
the  solid  helix  is,  there- 
fore, every  where  the 
same.  The  rail  is  exhi- 
bited as  squared;  and 
thougli  it  appears  as  one 
piece,  it  must  lie  under- 
stood to  consist  of  several 
wreaths,  or  lengths,serew- 
ed  together,  each  length 
answering  to  a  quadran- 
tal  part  of  the  plan. 

Fig.  ,■},  shews  the  diffe- 
rent  sections  of  a  hol- 
low cjlinder,  cut  entirely 
through  the  curved  sur- 
face ;  the  solid  exhibits  a 
portion  of  the  said  cylin- 
der contained  between 
two  parallel  planes  :  No. 
1,  shews  the  thickness  of 
the  section  according  to 
the  inclination  of  the  cut- 
ting plane;  No.  2,  shews 
the  section  of  a  semi- 
cylinder;  and  No.  3,  that 
of  an  entire  cylinder,  cut 
according  to  the  position 
of  No.  1 ;  the  sections 
No.  2,  and  No.  ,3,  being 
turned  round,  so  that  the 
plane  of  section  may  be 
l)rought  into  view,  in 
order  to  make  the  solid 
appear. 

Fig.  4,  exhibits  a  solid 
section  of  a  hollow  cylin- 
der, upon  a  quadrantal 
plan,  with  a  small  pait 
straight;  No.  1,  exhibits 
the  convex  side.  No.  2 
the  concave  side.  This 
figure  shews  the  state  of 
the  rail-piece,  as  prepared 
by  the  face-mould,  and  is 
therefore  bounded  by  two 
concentric  cylindrical  surfaces,  and  two  parallel  planes.    The 
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falling  mould  being  applied  upon  the  convex  side,  the  snper- 
fluous  wood  is  cut  away  according  to  a  line  drawn  by    the 
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upper  cdjje  of  the  falliiitf  mould,  in  such  a  manner  that  the 
stock  of  the  square,  beins;' applied  upon  the  convex  side,  paral- 
lel to  the  axis,  the  under  ed^e  of  the  blade  may  coincide  with 
the  top  or  winding  surface  of  the  rail-piece.  The  thickness  of 
the  rail  is  regulated  by  running;  the  stem  of  a  gauge  first  upon 
the  convex  side,  w  it!i  the  head  upon  the  top  or  winding  surface, 
and  then  the  stem  upon  the  concave  side  in  the  same  manner, 
and  cutting  away  the  superlluous  stulf  between  the  two  gauge 
lines. 

Fig.  5,  exhibits  the  wreath,  or  rail-piece,  as  completely 
squared  ;  No.  1.  shews  the  concave  side,  with  the  lower  end 
of  the  back,  or  upper  surface,  and  tlie  higher  end  of  the  lower 
surface  ;  and  No.  2.  the  convex  side  of  the  cylindric  surface, 
with  the  upper  part  of  the  back,  and  the  loner  part  of  the 
under  side. 

The  rail  exhibited  in  llg.  2,  is  only  a  succession  of  wreaths, 
as  in  fig.  5. 

From  what  has  been  shewn,  it  will  be  easy  to  conceive  how  a 
rail  may  be  executed  to  any  given  plan,  and.  to  any  develop- 
ment of  the  steps  according  to  that  plan. 

Though  it  may  be  possible  to  make  a  rail  in  one  piece,  as  in 
fig.  3,  No.  3,  such  a  rail  will  hardly  ever  come  into  practice  ; 
the  rcprescnlalions  of  the  solid  sections,  in  Nos.  2  and  3,  are 
therefore  not  shewn  with  a  view  of  being  prepared  for  a  rail, 
but  to  give  a  clear  view  of  the  different  parts  of  the  solid  sec- 
tions of  a  hollow  cylinder. 

HAN.se  Towns,  port  towns  of  Germany,  of  which  Lubec 
and  Hamburgh  are  the  chief.  They  were  formerly  all  of  them 
inperial  cities,  and  confederated  for  their  mutual  defence,  and 
the  protection  of  their  trade. 

HANDSPIKE,  a  wooden  bar  or  lever  to  heave  round  the 
windlass,  in  order  to  raise  the  anchor  from  the  bottom,  or  for 
stowing  the  anchor,  provisions,  or  cargo,  in  the  ship's  hold. 
The  gunner's  Handspike  is  shorter  than  the  former,  and  armed 
with  two  claws  for  managing  the  artdlery. 

HANKS,  wooden  rings  fixed  upon  the  stays  to  confine  the 
stay-sails  thereto  at  difi'crent  distances  ;  they  are  used  in  lieu 
of  grommets,  being  much  more  convenient,  and  of  a  later 
invention.  They  are  framed  by  the  bending  of  a  tough  piece 
of  wood  into  the  form  of  a  wreath,  and  fastened  at  the  two 
ends  by  means  of  notches,  thereby  retaining  their  circular 
figure  and  elasticity. 

H.^RBOUR,  a  place  where  sliips  may  ride  safe  at  anchor, 
chiefly  used  in  speaking  of  those  secured  by  a  boom  and  chain, 
and  furnished  with  a  mole. 

Harbour  Master,  an  ofiicer  appointed  to  see  that  the 
regulations  of  an  harbour  are  strictly  attended  to. 

H.\RD  A  LiiE,  the  situation  of  the  helm  when  it  is  pushed 
close  to  the  lee  side  of  a  ship,  in  order  to  tack,  or  keep  her 
head  to  the  wind.  Hence,  Hard  a  Weather,  when  the  helm  is 
put  close  to  the  weather  side  of  the  ship  in  order  to  bear- 
away. 

HARDNESS,  in  Physiology,  is  the  resistance  opposed  by  a 
body  to  the  separation  of  its  particles.  This  property  depends 
on  the  force  of  cohesion,  ori*n  that  which  chemists  call  adinily, 
joined  to  the  arrangement  of  the  particles  to  their  figure  and 
other  circumstances. 

Hardnhss,  or  Rir/uliti/,  that  quality  in  bodies  by  which 
their  pans  so  cohere  as  not  to  yield  inward,  or  give  way  to 
an  external  impulse,  without  instantly  going  beyond  the  dis- 
tance of  their  mutual  attraction  ;  and  therefore  are  not  subject 
to  any  motion,  in  respect  of  each  other,  without  breaking  the 
body. 

HARE.     See  Lkpus. 

HAIUOT,  or  Heriot,  in  Law,  a  due  belonging  to  a  lord  at 
the  death  of  his  tenant,  consisting  of  the  best  beast,  cither  ox, 
horse,  or  cow,  which  he  had  at  the  time  of  his  death,  and  in 
some  manors  the  best  goods,  piece  of  plate,  &c.  are  called 
hariots.  There  is  both  hariot-service,  and  hariot-custom  ; 
when  a  tenant  holds  by  service  to  pay  a  hariot  at  ids  decease, 
which  is  expressly  reserved  in  the  deed  of  fcofment,  this  is  a 
hariot  service:  and  where  hariots  have  been  customarily 
paid  lime  out  of  mind  after  the  death  of  a  tenant  for  life,  this 
is  termed  hariot-custom.  For  hariot-service,  the  lord  may 
distraiii  any  beast  belonging  to  the  tenant,  that  is  on  the  land. 
For  haiiot-custom   the  lord   is   to  seise,  not  distrain  ;    but  he 


may  seise  the  best  beast  that  belonged  to  the  tenant,  though  it 
be  out  of  the  manor,  or  in  the  king's  highway,  because  he 
claims  it  as  bis  proper  goods  by  the  death  of  his  tenant. 
Nevertheless,  where  a  woman  marries  and  dies,  the  lord 
shall  have  no  hariot-custom,  because  a  ferame-covert  has  no 
goods  to  pay  as  a  hariot. 

HARMATTAN,  a  wind  which  blows  periodically  from  the 
interior  parts  of  Africa  towards  the  Atlantic  ocean.  It  pre- 
vails in  December,  January,  and  February,  and  is  generally 
accompanied  with  a  fog  or  haze  that  conceals  the  sun  for  whole 
days  together.  Extreme  dryness  is  the  characteristic  of  this 
wind;  no  dew  falls  during  its  continuance,  which  is  some- 
times for  a  fortnight  or  more.  The  whole  vegetable  creation 
is  withered,  and  the  grass  becomes  at  once  like  hay.  The 
human  body  is  also  affected  by  it,  so  as  to  cause  the  skin  to 
peel  oH,  hut  it  stops  the  progress  of  infection,  and  cures  almost 
all  cutaneous  diseases. 

H.\RMONICA,  or  Armonica,  a  musical  instrument  con- 
structed with  drinking  glasses.  The  glasses  are  blown  as 
nearly  as  possible  in  the  form  of  hemispheres,  having  each  an 
open  neck  or  socket  in  the  middle.  The  diameter  of  the  largest 
glass  is  nine  inches,  and  that  of  the  smallest  three  inches  ; 
between  these  are  twenty-three  did'erent  sizes,  differing  from 
each  other  a  quarter  of  an  inch  in  diameter.  When  the  glasses 
are  tuned,  they  are  fixed  on  a  round  spindle  of  hard  iron, 
an  inch  in  diameter  at  the  thickest  end,  and  tapering  to  a  quar- 
ter of  an  inch  at  the  smallest.  The  glasses  are  all  placed  within 
one  another  ;  the  largest  on  the  biggest  end  of  the  spindle, 
with  the  neck  outwards  ;  the  next  in  size  is  put  into  the  other, 
leaving  about  an  inch  of  its  brim  above  the  brim  of  the  first; 
and  the  others  are  put  on  in  the  same  order.  From  these 
exposed  parts  of  each  glass  the  lone  is  drawn  by  laying  a 
finger  upon  one  of  them  as  the  spindle  and  glasses  turn  round. 
The  fingers  should  be  first  soaked  in  water,  and  rubbed  occa- 
sionally with  fine  chalk,  to  make  them  catch  the  glass,  and 
bring  out  the  tone  more  readily.  The  tones  of  this  instrument 
are  incomparably  sweet  beyond  those  of  any  other,  and  when 
it  is  once  well  tuned,  it  never  again  wants  tuning. 

H.VRMONICAL  ARrxHMETic,  is  sometimes  used  for  the 
application  of  numbers  to  the  science  of  music. 

Harmomcal  Curve,  an  ideal  curve,  into  which  a  musical 
chord  is  supposed  to  be  intlected,  when  put  into  such  a  motion 
as  to  excite  sound. 

Harmomcal  Composition,  in  a  general  sense,  includes  both 
harmony  and  melody,  i.e.  of  music  or  songs,  both  in  a  single 
part,  and  in  several  parts. 

Harmonical  3Iean  and  Proportion.  See  Mean  and  Pro- 
portion. 

Harmonical  Sounds,  such  as  always  make  a  determinate 
number  of  vibrations  in  the  time  that  one  of  the  fundamentals, 
to  which  they  are  referred,  makes  one  vibration. 

HARMONICS,  that  part  of  music  which  considers  the 
differences  and  proportions  of  sounds  with  respect  to  the  acute 
and  grave:  in  contradistinction  to  rhyme  and  metre. 

HARMONY  OF  the  Spheres,  a  sort  of  music  conceived  by 
ancient  philosophers,  and  supposed  to  be  produced  by  the 
sweetly-tuned  motions  of  the  heavenly  bodies. 

Harmony,  in  Music,  the  agreeable  result  or  union  of  several 
musical  sounds  heard  at  one  and  the  same  time. 

Harmony  Figured.  Figured  harmony  is  that  in  which,  for  the 
purpose  of  melody,  one  or  more  of  the  parts  of  a  composition 
move  during  the  continuance  of  a  chord,  through  certain  notes 
which  do  not  form  any  of  the  constituent  parts  of  that  chord. 

HARP,  a  stringed  instrument,  consisting  of  a  triangular 
frame,  and  the  cords  of  which  are  distended  in  parallel  direc- 
tions from  the  upper  parts  to  one  of  its  sides.  Its  scale  extends 
through  the  common  compass,  and  the  strings  are  tuned  by 
semitonic  interval.  It  stands  erect,  and  «lien  used,  is  placed 
at  the  feet  of  the  performer,  who  produces  its  tones  by  the  action 
of  the  thumb  and  fingers  of  both  hands  on  the  string. 

HARPOON,  ILvRPiNG-iRON,  or  Harpauo,  a  spear  or  jave- 
lin, used  to  strike  the  whales  in  the  Greenland  and  South  Sea 
fisheries.  The  harpoon  is  furnished  with  a  long  shank,  and 
has,  at  one  end,  a  broad  and  flat  triangular  head,  sharpened  at 
both  edges  so  as  to  penetrate  the  whale  with  facility:  to  the 
other  end  of  this  weapon  is  fastened  a  long  cord  called  tho 
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wfaale-liiip,  uliicli  lies  carefully  coiled  in  the  boat  in  sach  a 
manner  as  to  run  out  without  beinp  interrupted  or  entangled. 
As  soon  as  the  bnat  has  rowed  within  a  competent  distance  of 
the  whale,  the  harpooner  launches  his  instrument,  (on  the  upper 
end  of  which,  near  the  rinft,  his  name  is  generally  engraved,) 
and  the  fish  being  wounded,  immediately  descends  under  the 
ice  with  amazing  rapidity,  carrying  the  harpoon  along  with 
liim,  and  a  considerable  length  of  the  line,  which  is  purposely 
let  down,  to  give  him  room  to  dive,  lieing  soon  exhausted 
with  the  fatigue  and  loss  of  blood,  he  reascends  in  order  to 
breatlie,  wheie  he  presently  expires,  and  floats  upon  the  sur- 
face of  the  water,  when  they  approach  the  carcase  by  drawing 
in  the  whale-line.  The  line  is  sixty  to  seventy  fathoms  long, 
and  made  of  the  finest  and  softest  Itemp,  that  it  tnay  slip  the 
easier;  if  not  well  watered,  by  its  friction  against  the  boat,  it 
would  soon  be  set  on  fire  ;  and  if  not  suffieientl)  long,  it  would 
be  soon  overset,  as  it  freiiuently  is.  With  the  harpoon  they 
also  catch  oilier  large  fish,  as  sturgeons,  &c. 

HARPSICHORD,  a  stringed  instrument,  consisting  of  a 
case  framed  of  mahogany  or  walnut-tree  wood,  and  containing 
the  belly  or  sountling-board  over  which  the  wires  are  distended 
supported  by  bridges.  In  the  front  the  keys  are  disposed,  the 
long  ones  of  which  are  the  naturals,  and  the  short  ones  the 
sharps  and  flats.  These  keys  being  pressed  by  the  fingers, 
their  enclosed  extremities  raise  little  upright  oblong  slips  of 
wood  called  jacks,  furnished  with  rrow-quill  plectrunis,  which 
strike  the  wires.  The  great  advantage  of  the  harpsichord 
beyond  most  other  stringed  instruments,  consists  in  its  capacity 
of  sounding  many  notes  at  once,  and  forming  those  cond)ina- 
tions,  and  performing  those  evolutions  of  harmony,  which  a 
single  instrument  cannot  command. 

HARRIOT,  Thomas,  an  eminent  English  mathematician 
and  astronomer,  was  born  at  Oxford  in  156'>;  who,  before  he 
was  twenty  years  of  age,  had  acquired  so  great  a  reputation  for 
bis  mathematical  knowledge,  that  he  was  appointed  preceptor 
to  Sir  Walter  Raleigh,  who  was  ever  after  his  steady  patron. 

HART'S  Horn,  the  horns  of  the  common  male  deer,  to 
which  many  very  extraordinary  medicinal  virtues  were  attri- 
buted, and  indeed  to  nearly  all  parts  of  its  body  ;  but  the  expe- 
rience of  late  years  gives  no  countenance  to  them.  The  horns 
are  of  nearly  the  same  nature  as  bones,  and  the  preparations 
of  them  by  heat  are  similar  to  those  from  solid  aninial  sub- 
stances in  general.  Consequently  the  articles  denominated 
spirit  of  harlshorn,  and  salt  of  hintsliorn,  though  formerly 
obtained  only  from  the  horns  of  difl'erent  species  of  deer,  are 
now  chiedy  prepared  from  bones.  The  former  of  these,  which 
is  a  volatile  alkali  of  very  penetrating  nature,  is  an  efficacious 
remedy  in  nervous  complaints  and  fainting-fits:  and  salt  of 
hartshorn  has  been  successfully  prescribed  in  fevers.  The 
scrapings  or  raspings  of  the  horns,  under  the  name  of  hartshorn 
thavinffs,  are  variously  employed  in  medicine.  Boiled  in  water, 
the  boms  of  deer  give  out  an  emollient  jelly,  which  is  said  to  be 
remarkably  nutritive.  Burnt  hart's  horn  is  employed  in  medi- 
cine. The  horns  of  the  stag  are  used  by  cutlers  and  other 
mechanics  for  the  handles  of  knives  and  cutting  instruments  of 
difl'erent  kinds. 

HARVKST  Fly,  in  Zijology,  a  large  four-winged  fly  of  the 
cicada  kind. 

HAT  Making.  Hats  are  commonly  made  of  wool,  or  of  fea- 
thers, or  of  straw.  The  wools  of  kids,  hares,  rabbits,  and 
beavers  arc  used  to  cover  the  original  material  in  all  woollen 
hats;  and  in  general  the  (piality  of  the  hat  depends  on  the 
proportions  of  good  or  fine  wool  employed  in  its  manufacture. 
The  dillcrent  processes  in  hat-making  are  bowiny,  hardening, 
worhiuii.  shaping,  'li/ing,  stiffening,  steaming,  and  ironing. 

litiwing.  consists  in  teasing  or  dressing  the  wool  by  means 
of  a  hand  bow  which  the  workman  twangs  with  a  knobbed 
stick.  Hardening  is  merely  the  pressing  of  the  wool  so  bowed 
to  make  it  bear  handling,  by  means  of  a  cloth  that  covers  the 
«tull',  and  enables  the  hatter  to  form  it  into  a  conical  shape. 
Worhing  is  done  by  a  battery,  consisting  of  a  keltic  of  water 
(acidulated  with  sulphuric  acid)  and  eight  planks  of  wood  join- 
ed together,  and  meeting  in  the  kettle  at  the  middle.  The 
liquor  being  heated,  the  article  is  dipped  from  time  to  time, 
and  worked  on  the  planks  with  a  roller,  and  by  rolling  it  up, 
and  opening  it  again.     Shape  is  given  by  laying  the  conical 


cap  on  a  block,  the  size  of  the  crown  of  the  hat,  and  tbas 
tying  it  round  with  a  packthread,  called  a  commander,  and 
afterwards  with  a  piece  of  iron,  or  copper  bent  for  the  purpose, 
the  workman  gradually  drives  do»  n  the  commander  all  around, 
till  he  has  reached  the  bottom  of  the  block,  and  the  crown  is 
formed  ;  what  remains  below  the  string,  is  the  brim.  Dr/eing. 
The  nap  of  the  hat  being  raised  with  a  wire  brush,  it  is  dyed  in 
a  liquid  prepared  of  logwood,  and  green  copperas  and  blue 
vitriol,  the  sulphates  of  iron  and  copper.  The  copper  holds 
ten  or  twelve  dozen  hats,  which  are  kept  boiling  forlhree-quar- 
ters  of  an  hour,  when  they  are  taken  out  and  set  to  cool,  and 
returned  to  the  dye  ;  and  this  ten  or  twelve  times  successively. 
Stiffening  is  efl'ected  with  beer  grounds  and  glue.  The  work- 
man has  two  boilers,  one  the  grounds  of  strong  beer,  applied 
to  the  inside  of  the  crown,  to  prevent  the  glue  from  oozing 
through  ;  another  containing  the  glue  stiffening,  applied  after 
the  licer-grounds  are  dried,  and  then  only  upon  the  lower  face 
of  the  flap,  and  the  inside  of  the  crown.  Steaming.  The  hat  is 
now  placed  on  the  slcaming-bason,  which  is  a  small  hearth,  or 
fire-place,  raised  three  feet  high,  with  an  iron  plate  over  it, 
exactly  covering  the  hearth.  On  this  plate  the  workman  first 
spreads  cloths,  which  being  sprinkled  with  water  to  secure  the 
hat  from  burning,  it  is  placed  on  them  w  ith  the  brim  dow  nw  ards. 
\yhen  moderately  hot,  the  workman  strikes  gently  on  the  brim 
with  tlie  flat  of  his  hand,  to  make  the  jointings  incorporate,  so 
as  not  to  appear.  Inning.  The  hat  is  put  again  on  the  block, 
and  brushed  and  ironed  on  a  bench,  called  the  stall-board. 
This  is  performed  with  an  iron  like  that  used  in  ironing  linen; 
which  being  rubbed  over  each  part  of  the  hat,  with  the  assist- 
ance of  the  brush,  smooths  and  gives  it  a  gloss.  The  hat  is 
then  lined  and  trimmed  for  sale.  These  latter  operations  are 
for  the  most  part  performed  by  women. 

HATCH,  or  Hatchway,  a  stiuare  or  oblong  opening  in  a 
.ship's  deck,  forming  a  passage  from  one  deck  to  another,  or 
from  the  deck  to  the  hold.  In  large  ships  there  are  several 
hatchways,  as  the/«ie,  the  nini'n.  and  the  after  hatchways.  In 
fact,  hatches  are  moveable  trap-doors. 

HATCHES,  also  denote  flood-gates  set  in  a  river,  &c.  to 
stop  the  current  of  the  water. 

HATCHING,  the  maturating  fecundated  eggs,  whether  by 
the  incubation  and  warmth  of  the  parent  bird,  or  by  artificial 
heat,  so  as  to  produce  young  chickens  alive. 

The  art  of  hatching  chickens  by  means  of  ovens,  has  long 
been  practised  in  Egypt;  but  it  is  there  only  known  to  the 
inhabitants  of  a  single  village  named  Hcrme,  and  to  those  that 
live  at  a  small  distance  from  it.  Towards  the  begining  of 
autumn  they  scatter  themselves  all  over  the  country,  where 
each  person  among  them  is  ready  to  undertake  the  inanage- 
ment  of  an  oven,  each  of  which  is  of  a  dillcrent  size,  but  in 
general  they  are  capable  of  containing  from  forty  to  fourscore 
thousand  eggs.  The  number  of  these  ovens  placed  up  and 
down  the  country  is  about  tlire  hundred  and  eighty  six,  and 
they  usually  keep  them  working  for  about  six  months.  As 
therefore,  each  brood  takes  up,  in  an  oven,  as  under  a  hen,  only 
ttventy-one  days,  it  is  easy  in  every  one  of  them  to  hatch  eight 
difl'erent  broods  of  chickens.  Every  Bermean  is  under  the 
obligation  of  delivering  to  the  person  who  intrusts  him  with  an 
oven,  oidy  two-thirds  of  as  many  chickens  as  there  have  been 
eggs  put  under  his  care  ;  and  he  is  a  gainer  by  this  bargain,  as 
more  than  two-thirds  of  the  eggs  usually  produce  chickens. 
In  order  to  make  a  calculation  of  the  number  of  chickens  yearly 
so  hatched  in  Egypt,  it  has  been  supposed  that  oidy  two- 
thirds  of  the  eggs  arc  hatched,  and  that  each  brood  consists 
of  at  least  thirty  thousand  chickens:  and  thus  it  would  appear 
that  the  ovens  of  Egypt  give  life  yearly  to  at  least  ninety-trto 
millions  six  hundred  and  forty  thousand  of  these  animals! 

Hatching  of  Fish.  The  Chinese  hatch  the  spawn  of  fish, 
by  collecting  it  on  the  margin  and  surface  of  the  water,  and 
then  filling  the  shell  of  a  newly  laid  egg  with  the  gelatinous 
mailer  which  contains  the  spawn.  The  hole  in  liic  egg  is 
waxed  over,  and  it  is  put  under  a  sitting  hen.  At  the  expira- 
tion of  a  certain  number  of  days,  they  break  the  shell  in  water 
warmed  by  the  sun.  The  young  fry  arc  presently  hatched, 
and  are  kept  in  pure  fresh  w  ater  till  they  are  large  enough  to 
be  thrown  into  the  pond  with  the  old  fish.  The  sale  of  spawn 
for  this  purpose  forms  an  important  article  of  trade  in  China. 
5u 
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HATCHMENT,  in  Heraldry,  is  tlie  coat  of  arms  of  a  dead 
person,  usually  placed  on  the  front  of  a  house,  by  which  is 
known  the  rank  of  the  deceased  person  while  living,  wliether 
bachelor,  maid  ;  husband,  wife  ;  widow,  or  widower,  &c. 

HAUL  THE  Wind,  (to)  to  direct  the  ship's  course  nearer  to 
that  point  of  the  compass  from  which  the  wind  arises:  for 
instance — suppose  a  ship  sails  south-west  with  the  wind 
northerly,  and  some  particular  occasion  renders  it  necessary 
to  haul  the  wind  further  to  the  westward  :  to  perform  this  ope- 
ration, it  is  necessary  to  arrange  the  sails  more  obliquely  with 
her  keel ;  to  brace  the  yards  more  forward  by  slackening  the 
starboard,  and  pulling  in  the  larboard  braces,  and  to  haul  the 
lower  sheets  further  aft,  and  Gnally  to  put  the  helm  aport,  ?.  e. 
over  the  larboard  side  of  the  vessel.  As  soon  as  her  head  is 
turned  directly  to  the  westward,  and  her  sails  are  trimmed 
accordingly,  she  is  said  to  have  hauled  the  wind  four  points, 
that  is  to  say,  from  S.  W.  to  W.  She  may  still  go  two  points 
nearer  to  the  direction  of  the  wind,  by  disposing  her  sails 
according  to  the  greatest  obliquity,  or,  in  the  sea-phrase,  by 
trimming  all  sharp  ;  and  in  this  situation  she  is  said  to  be 
close-hauled,  as  sailing  W.  N.  W. 

HAUTBOY,  a  musical  instrument  of  the  wind  kind,  shaped 
much  like  the  llute,  only  that  it  spreads  and  widens  towards 
the  bottom,  and  is  sounded  through  a  reed. 

HAW  Finch,  in  Ornithology,  the  English  name  of  a  bird 
known  among  authors  by  the  name  of  coccothraustes. 

HAWKERS  and  Pedlaiis,  are  such  dealers  or  itinerary 
petty  chapmen  who  travel  to  difi'erent  fairs  or  towns  with  goods 
or  wares,  and  are  placed  under  the  control  of  connnissioners, 
by  whom  they  are  licensed  for  that  purpose,  pursuant  to  stat. 
8  and  9  William  IH.  c.  25,  and  29  Geo.  HI.  c.  26.  Traders  in 
linen  and  woollen,  sending  goods  to  markets  and  fairs,  and 
selling  them  by  wholesale  ;  manufacturers  selling  their  own 
manufactures,  and  makers  and  sellers  of  English  bone-lace, 
going  from  house  to  house,  &c.  are  excepted  out  of  the  acts, 
and  not  to  be  taken  as  hawkers. 

HAWSE,  the  situation  of  the  cables  of  a  ship  when  moored 
with  two  anchors,  one  on  each  bow.  When  the  cables  cross 
each  other,  and  rub  together,  the  haiise  is  foul.  Hawse  Plugs 
are  thrust  into  the  hawse  holes  to  keep  out  the  water. 

HAZARD,  a  game  on  dice,  without  tables.  It  is  played 
with  only  two  dice,  and  as  many  may  play  at  it  as  can  stand 
round  the  largest  round  fable. 

Two  things  are  chielly  to  be  observed,  iw'?.  main  and  chance, 
the  latter  belonging  to  the  caster,  and  the  former,  or  main,  to 
the  other  gamesters.  There  can  be  no  main  thrown  above 
nine,  nor  under  five,  so  that  five,  six,  seven,  eight,  and  nine, 
are  the  only  mains  flung  at  hazard.  Chances  and  nicks  arc 
from  four  to  ten;  thus,  four  is  a  chance  to  nine,  five  to  eight, 
six  to  seven,  seven  to  six,  eight  to  five  ;  and  nine  and  ten  a 
chance  to  five,  six,  seven,  and  eight;  in  short,  four,  five,  six, 
seven,  eight,  nine,  and  ten,  are  chances  to  any  main,  if  any  of 
these  nick  it  not.  Now  nicks  are  either  when  the  chance  is 
the  same  with  the  main,  as  five  and  five,  or  the  like;  or  six  and 
twelve,  seven  and  eleven,  eight  and  twelve.  Here  observe,  that 
twelve  is  out  to  nine,  seven,  and  five;  eleven  is  out  to  nine, 
eight,  six,  and  five,  and  ames-ace  and  deuce-ace,  are  out  to  all 
mains  whatever. 

HEAD,  an  ornamental  figure  erected  on  the  continuation  of 
a  ship's  stem,  as  being  expressive  of  her  name,  and  emblema- 
tical of  war,  navigation,  commerce,  &c.  The  heads  w  liich  have 
any  affinity  to  war  or  navigation,  are  in  general  either  histo- 
rical, as  referring  to  some  of  the  deities  or  heroes  of  antiquity; 
or  allegorical,  as  alluding  to  some  of  the  natural  consequences 
of  battle,  or  the  virtues  most  essential  to  life  exposed  to  per- 
petual danger.  Thus,  in  the  former  sense,  they  represent  a 
Neptune,  an  Alcidcs,  a  Mars,  an  Achilles,  a  Minerva,  or  a 
Jason;  and  in  the  latter  they  produce  a  Magnanimous,  an 
Intrepid,  a  Revenge,  or  a  Victory.  Image  heads  are  those 
founded  on  practical  fiction,  and  should  be  bold,  warlike,  and 
classical, — such  as  Hercules  brandishing  his  club  over  the 
heads  of  Cerberus;  Jupiter  riding  on  his  eagle,  and  armed 
with  his  thunders,  &c.  Emblematic  heads  consist  of  appro- 
priate figures,— sucli  as  an  eagle,  denoting  dignity,  force,  and 
velocity  ;  a  dragon,  denoting  power,  vigilance,  &c. 

Head,  is  also  used  in  a  more  enlarged  sense,  to  signify  the 


whole  front  or  forepart  of  a  ship,  including  the  bows  on  each 
side;  the  head  therefore  opens  the  column  of  water  through 
which  the  ship  passes  when  advancing;  hence  nc  say.  Head- 
sails,  Head-ua)/,  Head-sea,  &c.  It  is  evident  that  the  forepart 
of  a  ship  is  called  its  head,  from  the  affinity  of  motion  and 
position  it  bears  to  a  fish,  and  in  general  to  the  horizontal  situa- 
tion of  all  animals  while  swimming. 

Thus,  fig.  1  represents  one  side  of  the  forepart  of  the  head  Oi 
a  74-gnn  ship,  together  with  part  of  the  bow  keel,  and  gunnel, 
which  will  be  better  understood  from  this  description  : — A  AJ 
the  keel ;  a,  a,  false  keels  ;  A  C,  the  stem  ;  n,  o,  the  cat  head  ; 
b,b,  its  props,  or  supporter;  c,e.  the  knight  head,  or  bollard 
timber  which  secures  the  inner  end  of  the  bowsprit;  d,d,  the 
hause  holes  ;  e,  e,  the  naval  hoods  ;  /,  the  davit-chock  ;  ^r,  the 
bulk  head. 


H  H,  gun  ports  of  the  lower  deck ;  h,  gun  ports  of  the  upper 
deck.  I,  I,  the  channel,  with  their  dead  eyes  and  chain  plate. 
?',  the  gripe  or  fore  foot,  which  unites  the  keel  with  the  stern, 
forming  a  part  of  either. 

//,  /(,  the  decks;  I,  the  convexity  of  the  beams;  hi,  m,  timbers 
f  the  head  and  part  of  the  bowsprit;  X,  the  rails  of  the  head 
lying  across  the  timbers  ;  Q  Z,  the  forepart  of  the  main  wale  ; 
R  X,  forepart  of  the  channel  wale.     U  C,  the  load  water  line. 

Fig.  2  represents  the  head  view  of  a  ship,  with  the  projection 
of  her  principal  timbers   and  all  the  planks  laid  on  one  side. 
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HEADBORROW,  or  Hp.adboroiigh,  the  chief  of  the  frank 
pledge.  He  was  called  also  burrowhead,  bursholder,  third-bur- 
row, tithin^-man,  chief-pledge,  or  burrow-elder.  He  is  now 
occasionally  called  a  constable. 

HEALTH,  is  a  right  disposition  of  the  body,  and  all  its  parts. 

HEARING.  See  Sound.  The  organ  of  hearing  is  the  ear, 
and  particularly  the  auditory  nerve  and  mendjrane. 

HEAT,  in  Natural  Philosophy,  is  one  of  the  cd'ccls  of  fire  or 
caloric,  indicated  by  an  increase  of  temperature,  and  the 
sensation  it  produces  on  the  organs  of  feeling.  Various  hypo- 
theses have  been  advanced,  both  by  ancient  and  modern  philo- 
sophers, to  account  for  tlie  phenomena  of  heat,  some  consider- 
ing it  as  a  body,  sui  yeneris,  and  others  only  as  a  (piality 
common  to  all  bodies.  It  would  answer  very  little  purpose,  if 
our  limits  would  admit  of  it,  to  detail  the  various  notions  that 
have  been  advanced  on  this  subject  ;  we  shall,  therefore, 
merely  state  the  opinions  of  some  of  tlic  best  informed  philo- 
sophers amongst  the  moderns,  though  the  grand  (juestion,  as 
to  the  materiality  of  heat,  is  not  yet  satisfactorily  determined. 
With  respect  to  the  solar  heat,  we  observe  then,  that,  by  pre- 
sent opinion,  the  sun's  rays  are  twofold  ;  one  sort  emits  I'glit, 
the  other  heat ;  called  in  science  calorific  and  luminous  rays. 
This  division  of  the  solar  rays  into  calorific  and  luminous, 
established  as  it  is  upon  such  undoubted  premises,  Dr.  Thomp- 
son considers  as  nearly  putting  an  end  to  the  dispute,  by 
demonstrating  the  existence  of  caloric  as  a  peculiar  substance  ; 
at  least  it  is  putting  it  upon  the  same  footing  in  this  respect 
as  light,  the  materiality  of  which  is  not  disputed  by  many  who 
argue  on  the  other  side  with  regard  to  heat.  The  greatest 
degrees  of  heat  which  are  known,  have  been  produced  by  con- 
centrating the  solar  rays  with  a  mirror,  or  lens,  or  by  supply- 
ing a  blow-pipe  with  oxygen  gas.  The  greatest  degfee  of  cold 
known  to  have  been  produced,  has  been  obtained  by  mixing 
snow  with  certain  salts,  as  muriat  of  lime.  If  this  be  mixed 
with  dry,  light  snow,  and  stirred  well  together,  the  cold  pro- 
duced will  be  so  intense,  as  to  freeze  mercury  in  a  few  minutes. 
Salt  and  snow  also  produce  a  great  degree  of  cold. 

Heat  Animul.  The  temperature  which  animals,  and  even 
vegetables,  maintain  during  life,  above  that  of  surrounding 
objects,  is  a  very  striking  phenomenon.  By  general  analogies, 
it  has  frequently  been  referred  to  the  process  of  combustion  ; 
and  from  facts  more  distinctly  pointed,  the  doctrine,  that  it 
depends  upon  the  absorption  of  oxygen,  has  been  advanced  by 
modern  chemists.  It  has,  however,  been  found,  by  actual  expe- 
riment, that  the  lungs  of  animals  are  usually  the  coldest  part  of 
the  body  ;  and  hence  it  has  been  doubted  whether  the  above 
theory  was  correct,  and  recourse  has  been  had  to  the  supposi- 
tion, that  animal    heat  was  the  clleet  of  electricity. 

Heat,  in  Geography,  the  diversity  of  heat  of  climates  and 
seasons  arising  chielly  from  the  dilferent  angles  under  which 
the  sun's  rays  strike  upon  the  surface  of  the  earth.  The  diller- 
ent  degrees  of  heat  and  cold  in  dilferent  places  depend,  how- 
ever, in  a  very  great  measure,  upon  the  accidents  of  situation 
with  regard  to  mountains  and  valleys,  and  the  soil. 

The  following  table  of  the  heat  of  dilferent  climates  is  com- 
puted for  every  tenth  degree  of  latitude,  to  the  equinoctial 
and  tropical  sun  ;  by  which  an  estimate  may  be  made  of 
the  intermediate  degrees. 


Lat. 

Sun  in  Aries  and 
Libra. 

Sun  in  Cancer. 

Sun  in  Capricorn. 

0 

20000 

18341 

18341 

10 

19G96 

30290 

15.S54 

20 

18797 

217.37 

13IGG 

30 

17.321 

22«51 

10124 

40 

15.321 

23048 

G914 

.'>0 

12*35 

22991 

3798 

CO 

10000 

22773 

1075 

70 

0810 

23543 

000 

80 

,347,3 

24()73 

000 

0 

0000 

25055 

000 

Laleut  Heat,  is  a  phrase  used   by  Dr.  IJlack,  arising  from 
tlie  discovery   that  a  large    |)ortion   of  heat    sometimes   dis- 


appears, or  is  absorbed  by  a  body,  without  any  increase  of 
temperature.  This  conmionly  happens  when  a  body  from  a 
solid  becomes  liquid,  or  from  a  liipiid  becomes  aeriform  ;  and 
sometimes,  when  two  bodies  of  the  .same  temperature  combine, 
a  great  degree  of  cold  is  produced  ;  but  when  a  due  portion  of 
heat  is  acquired  from  the  surrounding  bodies,  the  temperature 
is  restored.  The  heat  which  disappears  in  these  cases  i(  what 
is  called  httent  point.     See  Evaporation. 

HEATH.     ,SVe  Erica. 

HEAVEN,  in  the  Ancient  Astronomy,  denoted  an  orb  or 
circular  region  of  the  ethereal  heaven.  The  ancient  astrono. 
mors  assumed  as  many  different  heavens  as  they  observed 
different  celestial  motions.  These  they  supposed  to  be  all 
solid,  as  thinking  they  could  not  otherwise  sustain  the  bodies 
fixed  in  them  ;  and  spherical,  that  being  the  most  proper  form 
for  motion.  Thus  tliey  have  seven  heavens  for  the  seven 
planets,  the  Moon,  Mercury,  Venus,  the  Sun,  Mars,  Jupiter, 
and  Saturn.  The  eighth  was  the  fixed  stars,  which  was  par- 
ticularly denominated  the  firmament.  Ptolemy  adds  a  ninth 
heaven,  which  he  calls  Ihc  primum  muhile :  after  him  two  crys- 
talline heavens  were  added  by  Alphonso,  king  of  Castile,  to 
account  for  some  irregularities  in  the  motions  of  the  other 
heavens:  and,  lastly,  an  empyrean  heaven  was  drawn  over  the 
whole,  for  the  residence  of  the  Deity;  which  made,  in  all, 
twelve  heavens.  But  others  admitted  many  more  heavens, 
according  as  their  dilferent  views  and  hypolheses  required  ; 
Eudoxus  supposed  23,  Regiomontanus  33,  Aristotle  47,  and 
Fraeasler  no  less  than  70. 

HIIAVINES.S,  in  general  the  same  with  Gravitii  ^nAWeir/ht. 

HEDERA,  or  Ivy,  a  genus  of  the  pcntandria  nionogynia 
class  and  order.  Natural  order  of  hederaceio.  Caprifolia, 
Jussieu.  There  are  six  species,  with  several  varieties.  The 
roots  of  the  helix  or  ivy  are  used  by  leather-cutters  to  whet 
their  knives  upon.  Apricots  and  peaches  covered  with  ivy 
during  the  month  of  February,  have  been  observed  to  bear 
fruit  plentifully.  The  leaves  have  a  nauseous  taste;  they  aie 
given  to  children  in  Germany,  as  a  specific  for  the  atrophy. 
The  common  people  of  England  apply  them  to  issues  ;  and  an 
ointment  made  from  them  is  in  great  esteem  among  the  High- 
landers of  Scotland  as  a  ready  cure  for  burns.  Horses  and 
sheep  eat  the  plant ;  goats  and  cows  refuse  it. 

HEDGES,  in  agriculture,  are  either  planted  to  make  lenccs 
round  enclosures,  or  to  divide  the  several  parts  of  a  garden. 
When  designed  as  outward  fences,  they  are  planted  cither 
with  hawthorn,  crabs,  or  blackthorn  ;  but  for  gardens,  .some 
prefer  evergreens,  in  which  case  the  holly  is  best,  next  the 
yew,  then  the  laurel,  laurustinus,  phillyrca.  Sec.  ;  others  prefer 
the  beech,  the  hornbeam,  and  the  elm. 

FIEDYSARUM,  in  Botany,  a  genus  of  the  Diadelphia 
Decandria  class  and  order.  Natural  order  of  Papilionaccae 
or  Leguminosae.  Essential  character  :  corolla  keel  transversely 
obtuse  ;  legume  jointed,  with  one  seed  in  each  joint.  There 
are  ninety  species,  only  one  of  which  is  a  native  of  Great 
Britain;  ii'r.,  H.  onobryehis  saintfoiii,  or  coikshead,  and  but 
ten  which  arc  natives  of  Europe.     Most  of  these  are  perennial. 

HEGIRA,  in  Chronology,  signifies  the  epoch  or  account  of 
time  used  by  the  Mahomedans,  who  begin  their  computation 
from  the  day  that  Mahomet  was  obliged  to  abandon  the  cily  of 
Mecca,  July  IC,  022.  The  years  of  the  hegira  arc  lunar  ones, 
of  354  days  ;  and  therefore  to  reduce  these  to  the  Julian  Calen- 
dar, we  must  mtdtlply  the  years  of  the  hegira  by  ,354,  and 
divide  the  product  by  3()j5  ;  to  which  add  022,  the  date  at 
which  this  epoch  commenced,  and  the  result  will  be  the  Julian 
year  required. 

HEIGHTS  and  Distances,  The  Mensuration  of.  In  the 
mensuration  of  heights  and  distances,  instruments  of  various 
kinds  arc  used  for  determining  angles,  and  the  distances 
between  remote  and  inaccessihlc  objects.  The  fittest  instru- 
ment for  taking  vertical  or  horizontal  aiiijhs.  is  a  theodolite,  fur- 
nished with  a  compass  and  level,  one  or  two  telescopes,  and  a 
vertical  arc.  Angles  oblique  to  the  horizon  may  be  taken  with 
a  llailletj's  quadrant  or  sextant,  an<l  then  reduced  by  calculation 
to  their  projection  on  the  horizontal  plane  Angles,  both  hori- 
zontal and  vertical,  may  also  ho  taken  with  Hadley's  quadrant; 
observing,  that  in  near  ohjccts  the  quadrant  is  to  be  adjusted  lo 
tile  direct  object ;  and  that,  in  taking  vertical  angles  with  it,  an 
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artificial  horizon  should  be  used,  and  the  image  of  the  object, 
rcllecled  from  the  glasses  of  the  quadrant,  brought  to  coiucide 
with  that  iu  the  artificial  horizon.  See  THiionoLiSE  and 
Quadrant.    See  Altitude,  from  pages  2«  to  31. 

Bases  or  distances  may  be  measured  with  Gunlcr's  chain,  or 
the  common  50  feet  tapes,  or  poles,  or  roils,  of  a  convenient 
length,  and  formed  of  such  matter  as  is  least  liable  to  contract 
or  expand  in  lengtli,  during  the  measurement.  The  -use  of 
instruments  is  best  acquired  under  the  direction  of  a  person 
practically  acquainted  with  their  application  and  several 
adjustments. 

Problem  1. — To  find  the  height  of  an  accessible  object.— Tiule. 
Measure  the  distance  between  the  bottom  of  tlie  object,  and 
any  convenient  station,  on  the  same  horizontal  plane;  and  at 
tliat  station  observe  the  angle  of  elevation.  Then  say,  As 
radius  is  to  the  tangent  of  the  angle  of  elevation,  so  is  the 
horizontal  distance  to  the  height  of  the  object  above  the  hori- 
zontal plane  passing  through  the  eye  of  the  observer,  to  which 
tlie  height  of  the  eye  being  added,  the  sum  will  be  the  height  of 
the  object.     -See  Probs.  I  and  4,  xVltitude. 

Example. — Let  the  horizontal  distance  AB  (fig.  1)  be  200 
feet,  and  the  augle  of  elevation  CUE  37°  35',  the  height  of  the 
eye  being  f  feet  ;  what  is  the  height  of  the  object  B  C  f 

As  radius  =z   T.  45°         =   10-0000000 

To  tangent  C  D  E  =         37°  36'  z=.     9-8862878 

So  is  distance  A  B  =       200  —     2  3010300 


To  the  height  C  E 
Add  height  of  the  eye 


153-92      = 
5- 


2-1873178 


Height  of  the  object  B  C    =       15892 

Remarks.  1.  In  measuring  heights,  the  station  of  the  observer 
siiould  be  chosen  so,  that  the  angle  of  elevation  may  be  as  near 
to  45°  as  possible,  because  the  less  error  in  the  altitude  will 
arise  from  an  error  in  the  angle,  the  nearer  the  angle  is  to  45°. 
2.  When  the  angle  of  elevation  is  45°,  the  height  above  the 
plane  of  the  eye  will  be  equal  to  the  distance;  when  the  angle 
is  26°  34',  the  height  will  be  equal  to  half  the  distance,  and 
when  the  angle  is  30°,  the  height  will  be  equal  to  half  the 
hypotenuse. 

i'he  angle  of  depression  FCD  is  =z  the  angle  of  elevation 
3  D  C,  for  they  are  alternate  angles,  and  F  C  is  parallel  to  D  B. 


48»  —  26°  45'  =  21°  15  =:  A  D  B. 


Fig.  1. 


Fig.  2. 


Problem  2. — To  find  the  height  of  mi  inaccessible  object — Rule. 
Let  C  D  (fig.  2)  represent  the  object  of  which  the  height  is  to 
be  found  ;  at  any  two  convenient  stations  A  and  B,  in  the  same 
vertical  plane  with  C  U,  observe  the  angles  of  elevation  DA  C, 
DBC,  and  measure  the  distance  AB.  Then,  because  the 
exterior  angle  D  B  C  is  equal  to  the  two  interior  angles  B  D  A, 
DAB;  ifDAB  be  subtracted  from  DBC,  the  angle  B  D  A 
will  remain.  Now,  in  the  triangle  DAB,  as  sincD  is  to  sine 
A.  so  is  A  B  to  13  D  ;  and  in  the  triangle  D  BC,  as  sine  C  (rad.) 
to  sine  B,  so  is  BD  to  C  D.  .SVe  Probs.  1  and  5,  Altitude, 
where,  in  fact,  these  two  problems  are  given  ;  and  their  intro- 
duclinn  here  is  defensible  on  no  other  ground  than  the  Alplia- 
belical  Title  of  our  work,  for  we  abjure  repetition  as  needless 
waste  of  our  own  property. 

Exami>le.  — The  angle  of  elevation  of  a  tower  at  a  station  on 
the  same  horizontal  plane  was  48°,  and  at  another  station,  on 
a  level  with  the  former,  and  200  feet  farther  o.i,  in  the  same 
direction,  the  angle  of  elevation  was  26°  45',  the  height  of  the 
eye  being  5  feet ;  what  was  the  height  of  the  tower! 


To  find  B  D. 

:  S,ADB=  21°  1 5'=9-5692338 
:  S,DAB=  26°  45'=9-6533075 
:  :  A  B    =:        200=23010300 


To  find  C  D 
S,C        =       90°=  10.  000000 
S,DBC  =       4S°rz  9  8710735 
:   BD     =248-37=   2-3951037 


:  BD        =  248-37  =2-3951037  :  CD        =  184-57=  22661772 

Height  of  the  eye         =z      5- 
Height  of  the  tower     =  18957  feet. 

The  operation  may  be  performed  rather  more  concisely,  as 
follows: -To  the  sines  of  the  observed  angles  of  elevation  add 
the  co-secant  of  the  dillerence  between  these  angles,  and  the 
logarithm  of  the  distance  between  the  stations  A  and  B,  the  sum, 
r(  jecling  30  from  the  index,  will  be  the  logarithm  of  the  height 
of  the  object. 

Problem  3. — Given  the  angles  of  elevation  of  any  distant  object, 
talien  at  three  places  in  a  horizontal  straight  line,  which  does  not 
pass  through  the  point  directly  below  the  object;  and  the  respective 
distances  between  the  stations  ;  to  find  the  height  of  the  object,  and 
its  distance  from  either  station. 

Let  AEC  (lig.  3)  be  the  horizontal  plane,  EO  the  perpen- 
dicular height  of  the  object  O  above  that  plane,  A.  J$,  C,  the 


Fig.  3. 


three  places  of  ob- 
servation, O  A  E, 
QBE,  O  C  E,  the 
respective  angles  of 
elevation,  and  A  B, 
B  C,  the  given  dis- 
tances. Since  the 
triangles  A  E  O, 
BEO,  CEO,  are 
all  right-angled  at 
E,  the  distances  AE, 
BE,  C  E,  will  evi- 
dently be  as  the  co- 
tangents of  the  an- 
gles of  elevation  at 
A,  B,  !,  respective- 
ly.    Now  the  point 

"  E  may  b    determin- 

d,    so   thi;t    fhose 
lines  may  have  that  ratio  as  f<iIlows:  — 

Construction.— Find  AD,  DC,  thus.  Cot  B  :  Cot  C  ::  AB  : 
A  D,  and  Co«  B  :  Co(  A  :  :  B  C  :  C  D.  Make  the  triangle 
ADC,  about  which  describe  a  circle.  Join  D  B,  and  produce 
it  till  it  meet  the  circle  in  E,  the  point  in  the  horizontal  plane 
perpendicularly  below  O  ;— or,  the  point  E  may  be  found  with- 
out describing  the  circle,  thus  :  Having  found  AD,  CD,  as 
before,  and  made  the  triangle  ADC,  join  D  B,  and  draw  AB 
so  that  the  angle  E  A  C  may  be  equal  to  the  angle  B  D  C  ;  then 
will  A  E  meet  B  D  produced  in  B. 

Solution. — In  the  triangle  A  O  D,  of  which  the  three  sides  are 
know  n,  find  the  angle  CAD,  Again,  in  the  triangle  A  B  D,  of 
which  the  sides  A  B.  A  D,  and  the  included  angle  BAD  are 
known,  find  the  side  B  D.  Then,  because  the  triangles  B  D  C, 
B  A  E,  are  similar,  and  also  the  triangles  B  D  A,  B  C  E,  as 
BD:CD::AB:AE;  also,  B  D  :  A  B  :  :  B  C  :  B  E, 
and  BD  :  AD  :  :  BC  :  C  E.  Lastly,  Radius  :  Tan.  angle 
of  elevation  at  A,  B,  or  C  :  :  the  distance  of  E  from  that  sta- 
tion :  the  height  (E  O)  required. 

Example. — Three  observers.  A,  B,  C,  in  a  straight  line,  take, 
at  the  same  instant,  on  a  signal,  the  altitude  of  a  balloon.  A 
finds  it  15°,  B  18°,  and  C  20°  ;  also.  B  is  1000  yards  from  A, 
and  C  1500  yards  from  B;  the  perpendicular  height  of  the 
balloon  is  required  ? 


To  find  the  line  A  D. 

Cot  B=  18°         =  0-4882240 

..ot  C  =  20°         =  0  4389341 

:    A  B  =  1000      =  3-  000000 


A  D  =  89-2-709  =  29507 101 


•     To  find  the  line  C  D. 

CotB=  18°  =0-4882240 
Cot  A  =  15°  =05719475 
:    BC=  1500       =3  1760913 


C  D  =1818  9'25=  3  2593148 
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To  find  the  angle  CAD.        ' 

A  C  =     2500               log.  .339794no 

AD  =     892-709     2-9007101 


CD 


1818-925     6-3486501 


2)5211-631  13-6513499 

260J817  log.  3-4159439 

180-892     2-8959151 


16°  33'  32" 
2 


19-9632089 
9  9816044 


33°     7'    4"     =     the  angle  CAD. 


To  find  the  line  B  D. 
B  A  +  A  D  =   1892-709 

B  A  —  A  D  =z     107-291 

Tang.  J  (U  +  B)       =  73'-  26'  28' 


=     3-2770839 


20305033 
10-5267586 


:     Tang,  i  (D  —  B         —  10°  47'  38"   z=     9-280-2380 

The  angle  A  B  D        =62°  38'  50 
Hence,    Sine  Z   A  B  D  :  Sine  B  A  D  :  :  A  B  :  B  D. 

t.  e.     :     S,A  B  D  =  62°  38'  50"  zz  9  9485080 


S,BAD  =  3.3°     7'     4"  —  9  7374804 
AD  =  892-709         =.  2  9507101 


:    BD 

To  find  A  E. 


B  D  =  2  7396825 

C  D  =z   3-2o9Sl48 
I   A  B  =   3-00000000 


=  549-139         —  2-73948-25 
Tnfind'RO. 
Rad.  sine  90°  =10-0000000 


Tang 
AE 


lo" 


=  9  42805'2o 
=  3-5-20 13-23 


E0  =  887-53=  2-9481848 


:  AE  =  331V32  =  3-52013-25 

Problem  4. — To  find  the  distance  of  an  inaccessible  object, 
fig.4.-LetCbe  j,- 

any  inaccessible  "^ 

object,  and  A, 
B,  points  from 
which  tlie  dis- 
tance of  that  ob- 
ject is  to  be 
found.  Measure 
the  distance  AB, 
and  observe  the 
angles  B  A  C, 
ABC.  Then  sine 
C  :  sine  B  :  :  B  A  :  A  C  ;  and,  sine  C  :  sine  A  :  :  A  B  :  B  C. 

Exami>le.—het  the  angle  A  be  86°  52',  the  angle  B  78°  47', 
and  the  base  AB  10,110  feet;  what  is  the  distance  between  A 
and  C  ;  l/cre  by  the  Hide. 

:     Sine  Z.  C  =14°  21'    =  9-3911794 


Sine  /.  B  =  78    47     =  9  9916241 
AB  =   10,110     =  4-0017512 


Fig.  5. 


:  A  C  =  40012-5  =  4-6021959 

or,  A  C  is  7  miles  4fui-.  Vil yards  \\feet. 
The  distances  A  C,  B  C, 
fig.  5,  may  be  dctcrinined 
without  the  aid  of  an  instru- 
ment to  measure  the  nnnles, 
thus  :— Continue  C  A,  C  H,  to 
any  two  points  F.  (i,  and 
measure  A  B,  A  F,  A  (J,  B  F 
BG;  then  the  three  sides  of 
the  triangles  A  B  G,  B  A  F, 
being  known,  the  angles  A 15  G 
and  B  A  F  may  be  found,  and 
conseqiienlly     their      siiiiple- 
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\ 


is  equal  and  similar  to  the 
from  the  vertex  F  we  trace 
this  new  line  K  F  zr  C  D. 
Problem  5. — Tofimtthe  di 


ments    C  B  A,   CAB;   from 

which  compute  AC,  B  C,  by 

the  rule.     The  perpendicular 

distance    DC  may    be  found 

thus  : — Calculate    either   side 

as  AC  by  the  rule,  then  from 

A  C   and  the  adjacent   angle 

A,  find  DC. 

\  Or,  produce  C  A  to  F,  fig.  6, 

\,  C  B  to  G  ;  measure  off  A  O  = 

*"  A  B,  and  trace  O  F  parallel  to 

B  G  ;  then  the  triangle  O  F  A 

triangle  A  CB.     Consequently,  if 

a  line  F  K  perpendicular  to  A  O  ; 


'ance  between  two  objects  (A  and  B). 
the  distance  of  each  from  a  third  object  (C)  being  hnown,  and  also 
the  angle  (C)  at  that  object  uhich  tbe  required  distance  subtends. 
Rule.  LetAC,  BC,  and  ihe  angle  ,VCB  be  given  (fig.  7)  from 

these  data,  it  is  plain  that  A  B 
may  be  found  by  the  rule  for 
the  second  case  of  Plane  Tri- 
gonometry;  or,  A  B^  ^/  (AC 
+  B  C^  —  2  A  C  B  C.  cos.  C.) 
F.rample.—Jn  order  to  de- 
termine the  distance  between 
two  houses  A  and  B,  which 
could  not  be  done  by  direct 
measurement,  I  measured  tbe 
distance  of  each  of  them  from 
a  point  C,  viz.  AC  =  600  yards,  BC  700  yards,  then  at  C,  I 
took  the  angle  A  C  B  =  5^  1-2'.    Required  the  distance  A  B  » 


BC  +  AC 
BC—  AC 


1300 
100 


=     3-11394.34 

=     20000000 
10-2724992 


:  Tan  i  (A  +  B)     =  61°  54'        =  

Tan  i  (A  —  B)     =     8°  11'  52'  =     91585558 

A       =  70°    5'  5-2" 

S,A  =  70°  5' 5-2"  =  9973-2549 

S,C  =  56    12 
:  B  C  =  700 


=  9-91959-29 
=   28450980 


700  X    -5.56296)  = 


:     A  B  =  618-63        =  2  7914360 
or  A  B  =  V  (000»  +  700=  —  1200  x 

618  63  yards. 

Itemarh. — If  Ihe  lines  measured  from  A  and  B  to  C  be  con- 
tinued beyond  C,  till  the  parts  of  them  beyond  C  be  equal  to 
A  C,  B  C,  then  w  ill  ihe  distance  between  the  extremities  of  the 
lines  so  continued,  be  equal  to  that  between  A  and  B,  without 
calculation. 

Problem   6.  —  To  find   the  distance  between  two   inaccessible 

objects. — Rule.  Let  C  and  D(fig.  8)  be  two  inaccessible  ol)jects, 

Fig.  a.  the  distance  between  which  is 

required.     Measure  any  base 

AB;    at   A    find    the    anjles 

CA  D,  D  AB,   and  at   I!  (ind 

the  angles  ABC.  CB  D.     In 

the  triangle  A  B  C,  in  wliicli 

the   angles   and   the  side  \  B 

are  given,    find   C  B  ;  in  like 

manner, in  the  triangle  A  B  I), 

find  B  D.    Then  in  the  triangle 

C  B  D,  of  w  hich  lbs  sides  C  B, 

A  B  B  D,  and  the  included  angle 

C  B  D,  are  given,  find  the  side  C  D. 

Example. — Let  C  and  ])  be  two  houses  on  the  farther  side  of 
a  river;  required  tlieir  distance,  from  the  following  data.  viz. 
A  B  =  1000  links,  the  angle  C  A  1)  =  42°  45',  D  A  B  =  &1°  12-, 
A  B  C  =  57°  33',  and  C  B  D  =  60°  19' ; 

1.  Ill  A  B  C,  to  find  B  C.  2.   In  A  B  D,  to  find  B  D. 

S,C  =  25°  30"  =  9-63398441:     S,D  =   17°  56*  =  9  4884240 


S,A  =  90°  57'  =  9-9967971 

:  AB  =   1000     =  3-0000000 

B  C  =  2305-75  =  3-3028127 1 

5x 


S,A  =  54°  1-2'  =  9-9O9O.5.'i0 
A  B  =   1000     =  3000(1000 

BD  =2634  09=  3-420«3l6 
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3.  In  C  B  D,  to  find  an  angle  C  D. 
B  D  +  B  C  zz  4939-84         =     3-6937129 


:     B  D  —  B  C  =     328-34         =     2-5103-238 

::   Tail  i  (C  +  D)      =  61"  50'  30"    —  10  3-28-2013 


:     TanHC—  D)      =     8°    3' 18"    =     8150812-2 

BCD        =z  7-2°  53'  48' 
:     S,C  =z  72°  53'  48"  =  9-9803561 


S,B  ii:  50°  19'         =  9  886-2668 
BD=:263-t09       =1:3-4200310 


:     CD  =  2120-95       =  3-3265317 
2120  95  links. 

In  like  raaoner,  the  distances,  taken  two  and  two,  between 
any  number  of  remote  objects  placed  around  a  base  line,  may 
be  determined. 

Problem  8. — Given  the  distances  between  three  objects  (A,  B,C,) 
and  the  angular  distances  between  these  objects  at  a  station  (S)  in 
the  same  plane,  to  find  the  distance  between  that  station  andeach  of 
the  objects. 

Ot'lliis  problem  there  are  several  cases. 

Case  1.  When  the  station  S  is  without  the  triangle  ABC, 
fig.  9. 

Construction.  Make  the  tri- 
angle ABC;  at  A,  make  the 
angle  D  A  B  =r  the  given  angle 
D  S  B  or  C  .S  B  ;  at  B,  make 
the  angle  A  B  D  =  A  S  C  or 
A  S  D.  Then  through  the  points 
A,  B,  D,  describe  a  circle  ;  join 
D  C,  and  produce  it  till  itmeet 
the  circle  in  S,  the  station  of 
the  observer;  and  join  S  A, 
S  B. 

Solaiion.  In  the  triangle 
ABC,  of  which  the  three  sides 
are  known,  find  the  angle 
B  A  C.  In  the  triangle  A  B  D,  of  which  the  angles  and  the  side 
A  B  are  known,  find  the  side  A  D.  In  the  triangle  CAD,  of 
which  two  sides  AC,  AD,  and  the  included  angle  CAD  are 
known,  find  the  angle  A  C  D.  In  the  triangle  A  S  C,  of  which 
the  angles  and  the  side  A  C  are  Known,  find  the  sides  S  A, 
S  C.  And  in  the  triangle  A  S  B,  of  which  the  angles  and  the 
side  A  B  are  known,  find  S  B. 


Case  2.  When  the  .station 
in  fig.  10. 

Construction.  Make  the  tri- 
angle ABC;  make  the  angles 
BA  D,  A  B  D  equal  to  the  sup- 
plements of  the  given  angles 
B  S  C,  A  S  C,  respectively. 
Through  the  points  A,  B,  D, 
describe  a  circle  ;  join  D  C, 
which  will  cut  the  circle  in  S, 
the  station  of  the  observer. 

Solution.  This  case  is  calcu- 
lated in  the  same  manner  as 
the  last. 

Case  3.  When  the  three  ob- 
jects are  in  one  straight  line, 
as  in  fig.  11. 

Construction.  This  case  is 
constructed  in  the  same  man- 
ner as  Case  1. 

Solution.  In  the  triangle 
ADC,  of  which  the  angles 
and  the  side  A  C  are  known, 
find  A  D.  In  the  triangle 
A  B  D,  of  which  the  sides 
A  B,  AD,  and  the  included 
angle  BAD  are  known,  find 
the  angle  ABD  =  SBC; 
the  supplement  of  which  ABS 


is  within  the  triangle  ABC,  as 
Fiy.  10. 


Fi>.  12. 


Fig.  13. 


=  D  B  C.  In  the  triangle 
A  B  S,  of  which  the  angles 
and  the  side  AB  are  known, 
find  S  A,  SB.  And  in  the 
triangle  A  S  C,  of  which  the 
angles  and  A  C  are  known,  or 
in  the  triangle  B  S  C,  of  which 
the  angles  and  B  C  are  know  n, 
find  SC. 

Case  4.  When  the  station  S 
is  in  one  of  the  sides  of  the 
triangle,  or  in  one  of  the  sides 
produced,  as  in  figs.  12  and 
13. 

Solution.  Find  the  angle 
B  A  C  from  the  three  sides. 
Then,  when  S  is  situate  as  in 
fig.  13,  the  angles  of  the 
triangle  A  S  C,  and  the  side 
A  C,  are  given  to  find  C  S, 
A  S,  and  consequently  B  S. 
And  when  S  is  situate  as  in 
fig.  12,  the  angles  of  the  tri- 
angle SAB,  and  the  side 
A  B,  are  given  to  find  B  S, 
A  S,  and  consequently  C  S. 
E.vample  1. — There  are  three  objects  A.  B,  C,  (fig.  9)  the  dis- 
tances of  which  from  one  another  are  as  follows: — A  D  :=  424, 
A  C  ^  213,  and  B  C  =;  262  yards  ;  I  desire  to  know  my  dis- 
tance from  each  of  these  objects  at  a  station  S  without  the 
triangle  ABC,  where  I  observed  the  angle  ASC  to  be  :z 
13°  30',  and  B  S  C  =  29°  50' .' 

2.  In  ASD  to  find  AJ>. 

S,D=  136°  4^  =  9  8364771 

S,B  =    13°  30'  =  9  3681853 
A  B  =  424         =:  26273659 


A  B  =  424 
AC  =  213 

log. 
log. 

log 
log. 

2 
cos. 

2-62736.59 
2-3283796 

BC  =  262 

4-95574.55 

2^899 
449-5 
1875 

15-044-2545 
26527-297 
2-2730013 

14°  58'  33" 
2 

)  19-90998.55 
9-98499-27 

29°  57' 


AD=   144-236=  21590741 


G"  =  B  A  C 

3.  /rt  A  C  D  to  find  the  angle  C. 


A  C  -f  A  D  =  357-236 

AC—  AD  =     68  701 

Tan  A  (D  -f  C)  =  60°    6'  27" 

Tan  i{D  —  C)  =  18°  30'  47" 


=     2-5529552 


=     1-8373611 
=   10-2404445 


9-5-248504 


C  =  41°  35'  4"  =  supplement  of  the 
angle  ACS,  and  also  the  exterior  angle  of  the  triangle 
ASC;  whence,  180°—  ACD  =:  ACS,  and  ACD  — 
ASC  =  CAS. 

5.  In  ACS  to  find  A  S  and  C  S. 

:    S,Sz=  13°30'        =9-3681853 


4.  /?!  A  S  B  to  find  B  S. 
S,S  =  43°  20'    =  9  8364771 

S,A  =  58°  2'  46"=  9-9-2S6387 
:  A  B  =  424  =  20273659 


B  S  =  524-236  =  2-7195275 


:    S,C=138°24'20"=9.8-2-20724 
::AC=213-  =2  3283796 

:    AS=605-712       =2-7822667 

:    S,S=13°30'         =9-3681853 

:   S,A=-28°5'40'' 


;  AC=213- 
CS=  429-082 


=907-295;i0 
=2-3-283796 


=  20331473 

Example  2. — There  are  three  objects  A,  B,  C,  fig.  9,  the 
distances  of  which  from  one  another  are  as  follows  : — A  B  3: 
314  yards,  A  C  =  280  yards,  and  B  C  =  326  ;  how  far  am  I 
from  each   of  these  objects  at  a  station  S  without  the  triangle 

*  Tbe  angle  A  B  D  is  equal  to  the  observed  angle  ASC,  becaase  thej 
stand  on  tbe  same  nvc  A  D,  (Eucl.  iii.  21 ;)  for  tbe  same  reason  B  A  D  =r 
BSC. 
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ABC,  where  I  observed  the  angle  A  S  C  to  be  z:  25'  42',  and 
B  S  C  =  23°  C  >. 

2.  The  distances  l)etween  three  objects  A,  B,  C,  (fip.  10,)  are 
as  follows  :— A  B  =  2(J7  yards,  A  C  =  346,  and  B  C  =:  209  ; 
and  the  angles  at  a  point  (S)  within  the  triangle  A  B  C,  sub- 
tended by  those  distances,  are  128°  40',  140°,  and  91°  20',  re- 
spectively ;  what  is  the  distance  of  the  point  S  from  each  of  the 
objects  ? 

3.  If  the  three  objects,  A,  B,  C,  as  seen  from  S,  be  situate 
as  in  fig.  12,  and  A  B  he  =  1224  chains,  B  C  =r  736  chains, 
A  C  =z  81-8  cliains,  and  the  angle  S  =  22°  44'  40".  Required 
the  distances  S  A,  S  B,  and  S  C  .' 

4.  If  the  three  objects.  A,  B,  C,  as  s<?en  from  S,  be  situate  as 
in  fig.  13,  and  A  B  be  =  122-4  chains,  B  C  =  73G,  A  C  =  81-8, 
and  the  angle  AS  C  =  110°.  Required  the  distances  S  A,  S  B, 

sc; 

5.  If  the  three  objects,  A,  B,  C,  as  seen  from  .S,  be  situate  as 
in  fig.  11,  and  A  B  be  =z  2550  yards,  A  C  =  7000  yards,  the 
angles  A  .S  B  =  25°  1.5',  and  B  S  C  —  35°  30'.  Required  the 
distances  S  A,  S  B,  S  C  ? 

Problem  9. — I'ofind  the  distance  of  the  visible  horizon,  fig.  14. — 


Fig.  14. 


Jiule  1.  To  the  diameter  of 
the  earth  add  the  height  of  the 
eye,  and  to  the  logarithm  of 
the  sum  add  the  logarithm  of 
the  height  of  the  eye  ;  then 
will  half  the  sum  be  the 
logarithm  of  the  tangent  B  A, 
which  is  nearly  tlic  same  with 
the  arc  D  A,  the  distance 
required. 

Itule  2.  To  half  the  loga- 
rith  of  the  height  of  the  cje, 
add  3-8104601,  and  the  sum 
will  be  the  logarithm  of  the  distance  required  infect,  nearly. 

Example. — Let  the  height  of  the  eye  be  100  feet.     Required 
the  distance  of  (he  visible  horizon? 

By  Rule  1. 

Diameter  of  the  earth  +  100  =:  41,775,460  feet    log.  7-6-209213 
Height  of  the  eye =  100  feet  log.  2  OOOOOOO 

2)9-6209213 
Distance  required   =       64633-9  feet    log.  4-8104608 

By  Utile  2. 
Constant  logarithm  =  3  8104601 

Half  the  logarithm  of  100  =  10000000 


Distance  required  =  64633  9        =  4-8104C01 

HEIR,  in  Law,  the  person  who  succeeds  another,  by  descent, 
to  lands,  tenements,  or  hereditaments. 

Heik,  Apparent,  is  a  person  so  called,  in  the  lifetime  of  his 
ancestor,  at  whose  death  he  is  heir  at  law.     See  Ai'PAkent. 

Heir  Presumptive,  is  one  who,  if  the  ancestor  should  die 
immediately,  would,  in  the  present  circumstances  of  things,  be 
heir:  but  whose  right  maybe  defeated  by  some  nearer  heir 
being  born. 

Heir  Looms,  in  Law,  are  such  goods  and  personal  chattels, 
as,  contrary  to  the  nature  of  chattels,  shall  go  by  special  custom 
to  the  heir. 

HELIACAL,  as  applied  to  the  rising  of  a  star,  planet,  &c. 
denotes  its  emerging  out  of  the  sun's  rays,  in  which  it  was 
before  hid.  When  applied  to  the  setting  of  a  star,  it  denotes 
the  entering  or  immerging  into  the  sun's  rays,  and  llius  becalm- 
ing lost  in  the  lustre  of  his  beams.  A  star  rises  heliacally 
when,  after  it  has  been  in  conjunction  with  the  sun,  and  on 
that  account  invisible,  it  gets  at  such  a  distance  from  the  sun 
as  to  be  seen  in  the  morning  before  the  rising  of  that 
luminary. 

HELIOCENTRIC  Place  of  a  Planet,  is  that  place  in  the 
ecliptic  in  which  the  pl-inct  would  appear  if  viewed  from  the 
centre  of  the  sun;  and  consequently  the  heliocentric  place 
coincides  with  the  longitude  of  a  planet,  as  viewed  from  the 
«ame  centre. 

Heliocentric  Latitude  of  a  Planet,  is  the  inclination  of  the 


line  drawn  between  the  centre  of  the  sua  and  the  centre  of  a 
planet,  to  the  plane  of  the  ecliptic. 

HELIOCOMETE.S,  Comet  of  the  S;  n,  is  used  to  denote  a 
phenomenon  which  sometimes  attends  the  setting  of  the  sun 
It  is  thus  denominated  by  Sturinius,  who  had  observed  it, 
because  it  seems  to  make  a  comet  of  that  luminary,  having  the 
appearance  of  a  large  tail  or  column  of  light  which  follows  the 
sun  at  his  setting,  much  in  the  same  manner  as  the  tail  of  a 
comet. 

HELIOMETER,  or  Astrometer,  is  the  name  given  by 
Bouguer  to  an  instrument  which  he  invented  for  measuring 
wi'.h  particular  exactness  the  diameter  of  the  sun,  moon,  and 
planets.  This  instrument  is  merely  a  telescope,  consisting  of 
two  object  glasses,  of  equal  focal  distance,  placed  hy  the  side 
of  each  other,  so  that  the  same  eyeglass  serves  for  both.  The 
tube  of  this  instrument  is  of  a  conical  form,  larger  at  the  upper 
end,  which  receives  the  two  object-glasses,  than  at  the  lower, 
which  is  furiushed  with  an  eye-glass  and  micrometer.  Hence 
two  distinct  images  of  an  object  are  formed  in  the  focus  of  the 
eye-glass,  the  distance  of  wliieh  depending  upon  that  of  the 
two  object-glasses  from  one  another,  maybe  measured  with 
the  greatest  accuracy. 

HELIOSCOPE,  a  telescope  fitted  for  viewing  the  son  with- 
out hurting  the  eyes. 

HELIX,  ill  (Jeometry,  the  same  with  Spiral,  which  see. 

Helix,  in  Natural  History,  the  Snail,  a  genus  of  the  vermes 
testacea  class  and  order.  It  is  used  in  many  parts  of  Europe 
as  food,  particularly  at  Rome  during  the  weeks  of  Lent,  where 
they  arc  fattened,  and  grow  to  a  very  large  size.  H.  llortensit, 
garden-snail,  has  an  imperforate  shell,  globular,  pale,  with 
broad  interrupted  brown  bands;  this  species  inhabils  the  gar- 
dens and  orchards  in  most  parts  of  Europe  ;  it  abounds  with  a 
vis(-ld  slimy  juice,  Hhicli  it  readily  gives  out  by  boiling  in  milk 
and  water,  so  as  to  render  them  thick  and  glutinous,  and  the 
compound,  especially  with  milk,  is  reckoned  ellicacious  in  con- 
sumptive cases.  Snails  are  very  destructive  to  wall  fruit: 
liine  and  ashes  sprinkled  on  the  ground  will  keep  them 
away,  and  destroy  the  young  brood.  Fruit,  already  bitten, 
should  not  be  taken  olf  the  tree,  for  they  will  not  toiuh  the 
other  till  they  have  wholly  eaten  tliis,  if  left  for  them.  The  eyes 
of  snails  are  lodged  in  their  horns,  one  at  the  end  of  eai^li  horn, 
which  they  can  retract  at  pleasure.  Cutting  oil'  a  snail's  head, 
a  little  stone  appears,  which  is  supposed  to  be  a  good  diuretic, 
and  excellent  in  all  nephritic  disorders. 

HELLEBORUS,  in  Botany,  English  hellebore,  agenus  of  the 
polyandria  polygynia  class  and  order.  Natural  order  of  Mul- 
tisiliqua-,  Rcmineulacea-,  .lussieu.  There  are  seven  species. 
The  root  is  tuberous.  By  distillation  an  exlremeb'  poisonous 
oil  is  obtained  from  it. 

HELM,  a  long  and  flat  piece  of  timber,  or  an  assemblage  of 
several  pieces,  suspended  down  the  hind  part  of  a  ship's  stern- 
post,  where  it  turns  upon  a  kind  of  hinges  to  the  right  or  left, 
serving  to  direct  the  course  of  a  vessel,  as  the  tail  of  a  fish 
guides  the  body.  The  helm  is  usually  composed  of  three 
parts,  viz.  the  rudder,  the  tiller,  and  the  wheel,  except  in  small 
vessels,  where  the  wheel  is  unnecessary.  The  rudder  becomes 
gradually  broader  in  proportion  to  its  distance  from  the  fop,  or 
its  depth  under  water  ;  tlie  back  or  iiiiier  part  of  it,  which  joins 
the  stern-post,  is  diminished  into  the  form  of  a  wedge,  through- 
out its  whole  length,  so  as  that  it  may  be  more  easily  turned 
from  one  side  to  the  other  when  it  makes  an  obtuse  aiigle  with 
the  keel.  For  a  description  of  the  hinges  which  support  it.  see 
the  articles  GooGiVGS  and  Pin  ri.KS.  The  length  and  thick- 
ness of  the  rudder  is  nearly  equal  to  that  of  the  stern-po.'t. 
The  tiller  is  a  long  bar  of  timber,  fixed  horizontally  in  the 
upper  end  of  the  rudder,  within  the  vessel ;  the  movcinenls  of 
the  tiller  to  the  right  and  left  accordingly  direct  the  eflorts  of 
the  rudder  to  the  government  of  the  ship's  course,  as  she 
advances  ;  which  is  called  steering.  The  operations  of  the 
tiller  are  guided  and  assisted  by  a  sort  of  tackle,  communicat- 
ing with  the  ship's  side,  called  the  tiller-rope,  which  is  usually 
composed  of  untarred  rope  yarns,  for  the  purpose  ol  travers- 
ing more  readily  through  the  blocks  or  pulleys.  In  order  to 
facilitate  the  management  of  the  helm,  the  tiller-rope,  in  all 
large  vessels,  is  WDiiiid  about  a  wheel,  which  acts  upon  it  with 
the  powers  of  a  windlass ;  the  rope  employed  in  this  seivice 
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bcin?  conveyed  from  tlie  fore-end  of  the  tiller  to  a  single  block 
on  each  side  of  the  ship,  forms  a  communication  with  the 
vilieel,  by  means  of  two  blocks  suspended  near  the  mizzen- 
niast,  and  two  holes  immediately  above,  leading  up  to  the 
wheel,  which  is  tixcd  upon  an  axis  on  the  quarter-deck  almost 
perpendicularly  over  the  fore-end  of  the  tiller.  Five  turns  of 
the  rope  are  usually  wound  about  the  barrel  of  the  wheel,  and 
when  the  helm  is  a-midship,  the  middle  turn  is  nailed  to  the 
top  of  the  barrel  witli  a  mark,  by  which  the  helmsman  readily 
discovers  the  situation  of  the,  helm;  the  spokes  of  the  wheel 
generally  reach  about  cisht  inches  be>ond  the  rim  or  circum- 
ference, serving  as  handles  to  the  person  who  steers  the  ves- 
sel:  as  the  ellcct  of  a  lever  increases  in  proportion  to  the 
length  of  its  arm,  it  is  evident  that  tlie  power  of  tlie  helmsman 
to  turn  the  wheel  will  he  increased  according  to  the  lerrgtli  of 
the  spokes  beyond  the  circumference  of  the  barrel:  so  that  if 
the  helmsman  employs  a  force  of  thirty  pounds,  it  will  produce 
an  efl'ect  of  fronr  ninety  to  one  hundred  and  twenty  pounds 
upon  the  tiller,  (the  barrel  being  i  or  i  of  the  radius  of  the 
spokes,)  whieli  again  forming  the  long  end  of  a  lever  10  or  15 
times  the  length  of  its  shorter  arm,  the  force  of  the  rudder  will 
by  consequence  be  from  10  times  90  to  15  times  120,  or  from 
900  to  1800  pounds.  When  the  helm  operates  by  itself,  the 
centre  of  rotation  of  the  ship  and  her  movements,  are  deter- 
mined by  estimating  the  force  of  the  rudder  by  the  square  of 
the  ship's  velocity. 

When  the  lielm,  instead  of  lying  in  a  right  line  with  the  keel, 
is  turned  to  one  side  or  the  other,  as  in  B  D,  in  llie  ligure,  it 
receives  an  iuunediate  shock  from  the  water,  which  glides 
along  the  ship's  bottom  in   running  aft  from  A  to  B  ;  and  this 
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lluid  pushes  it  towards  the  opposite  side,  whilst  it  is  retained 
in  this  position :  so  that  the  stern,  to  whicli  the  rudder  is  con- 
fined, receives  the  same  impression,  and  accordingly  turns 
froiri  B  to  6  about  some  point  c,  whilst  the  head  of  the  ship 
passes  from  A  to  a.  It  must  be  observed,  that  the  current  of 
water  falls  upon  the  rudder  obliquely,  and  only  strikes  it  with 
that  part  of  its  motion,  which  acts  according  to  the  sine  of  inci- 
dence, pushing  it  in  the  direction  ofNP,  with  a  force  which 
not  only  depends  on  the  velocity  of  the  ship's  course,  by  which 
this  current  of  water  is  produced,  but  also  upon  the  extent  of 
the  sine  of  incidence.  This  force  is  by  consequence  composed 
of  the  sijuare  of  the  velocity  with  which  the  sliip  advances,  and 
the  square  of  the  sine  of  incidence,  which  will  necessarily  be 
gieater  or  smaller  according  to  circumstances;  so  that  if  the 
vessel  runs  three  or  four  liinesniore  svtiltly,  the  absolute  shock 
of  the  water  upon  the  rudder  will  be  nine  or  sixteen  times 
stronger  under  the  same  incidence  :  and  if  the  incidence  is 
increased,  it  will  yet  be  augmented  in  a  greater  proportion, 
because  the  square  of  the  sine  of  incidence  is  more  enlarged. 
This  impression,  or,  what  is  the  same  thing,  the  power  of  the 
helm,  is  always  very  feeble,  when  compared  with  the  weight  of 
the  vessel  ;  but  as  it  operates  with  the  force  of  a  long  lever,  its 
efforts  to  turn  the  ship  are  extremely  advantageous.  For  the 
helm  being  applied  to  a  great  distanc-e  from  the  centre  of  gra- 
vity G,  or  from  the  point  about  which  the  vessel  turns  horizon- 
tally, if  the  direction  P  N  of  the  impression  of  the  water  upon 
the  rudder  be  prolonged,  it  is  evident  that  it  wil!  pass  perpen- 
dicularly to  R,  widely  distant  front  the  ccnlie  of  gravity  G  ; 


thus  the  absolute  effort  of  the  water  is  very  powerful.  It  is  not 
therefore  surprising,  that  this  machine  impresses  the  ship  with 
a  considerable  circular  movement  by  pushing  the  stern  from  B 
to  6,  and  the  head  from  A  to  n  ;  and  even  much  farther  while 
she  sails  with  rapidity,  because  the  effect  of  the  helm  alw?y» 
keeps  pace  with  the  velocity  with  which  the  vessel  advances. 

Amongst  the  several  angles  tliat  the  rudder  makes  with  the 
keel,  there  is  always  one  position  more  favourable  than  any  of 
the  others,  as  it  more  readily  produces  the  desired  effect  of 
turning  the  ship,  in  order  to  change  her  course.  To  ascertaia 
this,  it  must  be  considered,  that  if  the  obliquity  of  the  rudder 
with  the  keel  is  greater  than  the  obtuse  angle  A  B  D,  so  as  to 
diminish  that  angle,  the  action  of  the  water  upon  the  rudder 
will  increase,  and  at  the  same  time  oppose  the  course  of  the 
sldp  in  a  greater  degree  ;  because  the  angle  of  incidence  will 
be  more  open,  so  as  to  present  a  greater  surface  to  the  shock 
of  the  water,  by  opposing  its  passage  more  perpendicularly. 
But  at  that  time  the  direction  N  P  of  the  effort  of  the  helm  upon 
the  ship  will  pass  with  a  smaller  distance  from  the  centre  of 
gravity  G  towards  R,  and  less  approach  the  perpendicular  N  L, 
according  to  which  it  is  absolutely  necessary  that  the  power 
applied  should  act  with  a  greater  efl'ect  to  turn  the  vessel. 
Thus  it  is  evident  that  if  the  obtuse  angle  A  B  D  is  too  much 
enclosed,  the  greatest  impulse  of  the  water  will  not  counterba- 
lance the  loss  sustained  by  the  distance  of  the  direction  N  P 
Irom  N  L,  or  by  the  great  obliquity  which  is  given  to  the  same 
direction  N  P  of  the  absolute  effort  of  the  helm  with  the  keel  A  B. 
If,  on  the  contrary,  the  angle  A  B  D  is  too  much  opened,  the  di- 
rection N  P  of  the  force  of  the  action  of  the  helm  will  become 
more  advantageous  to  turn  the  vessel,  because  itwill  approach 
nearer  the  perpendicular  N  L  ;  so  that  the  line  prolonged  from 
N  P  will  increase  the  line  G  R,  by  removing  R  to  a  greater  dis- 
tance from  the  centre  of  gravity  G,  but  then  the  helm  will 
receive  the  impression  of  the  water  too  obliquely,  for  the  angle 
of  incidence  will  be  more  acute  ;  so  that  it  will  only  present  a 
small  portion  of  its  breadth  to  the  shock  of  the  water,  and  by 
consequence  will  only  receive  a  feeble  effort-  By  this  principle 
it  is  easy  to  conceive,  that  the  greatest  distance  G  R  from  the 
centre  of  gravity  G,  is  not  suflicient  to  repair  the  diminution  of 
force  occasioned  by  the  too  great  obliquity  of  the  shock  of  the 
water.  Hence  we  may  conclude,  that  when  the  water  either 
strikes  the  helm  too  directly,  or  too  obliquely,  it  loses  a  great 
deal  of  the  effect  it  ought  to  produce.  I3etween  the  two  ex- 
tremes there  is  therefore  a  mean  position,  which  is  the  most 
favourable  to  its  operations. 

The  diagonal  N  P  of  the  rectangle  I  L  represents  the  absolute 
direction  of  the  ell'ort  of  the  water  uport  the  helm.  NI  ex- 
presses the  portion  of  this  efl'ort  which  is  opposed  to  the  ship's 
head-way,  or  which  pushes  her  astern,  in  a  direction  parallel 
to  the  keel.  It  is  easily  perceived  that  this  part  N  I  of  the 
whole  power  of  the  helm  contributes  but  little  to  the  turn  of  the 
vessel;  for,  if  IN  is  prolonged,  it  appears  that  its  direction 
approaches  to  a  very  small  distance  GY  from  the  centre  of 
gravity  G  ;  and  that  the  arm  of  the  lever  B  NzzG  'V,  to  which 
the  force  is  applied,  is  not  in  the  whole  more  than  equal  to  half 
the  breadth  of  the  rudder:  but  the  relative  force  N  L,  which 
acts  pcri)endieular  to  the  keel,  is  extremely  difl'erent.  If  the 
first  N  I  is  almost  useless,  and  even  pernicious,  by  retarding 
the  velocity  ;  the  second  N  L  is  capable  of  a  very  great  effect, 
because  it  operates  at  a  considerable  distance  from  the 
centre  of  gravity  G  of  the  ship,  and  acts  ttpon  the  arm  of  a 
lever  G  R,  which  is  very  long.  Thus  it  appears,  that  between 
the  effects  N  L  and  N  I,  which  result  from  the  absolute  efl'ort 
N  P,  there  is  one  which  always  opposes  the  ship's  course,  and 
coirtributcs  little  to  her  motion  of  tirrning  ;  whilst  the  other 
prodtrccs  only  this  movement  of  rotation,  without  operating  to 
reliiril  her  velocity. 

Geometricians  have  determined  the  most  advantageous  angle 
made  by  the  helm  with  the  line  prolonged  from  the  keel,  and 
fixed  it  at  54°  44',  presuming  that  the  ship  is  as  narrow  at  her 
floating-lirrc,  or  at  the  line  described  by  the  surface  of  the  water 
rourrd  her  bottom,  as  at  the  keel.  But  as  this  supposition  is 
absolutely  false,  in  as  much  as  all  vessels  augment  thcirbreadth 
fronr  the  keel  upward  to  the  extreme  breadth,  where  the  float- 
ing-line or  the  highest  water-line  is  ternrinated  ;  it  follows  that 
this  angle  is  too  large  by  a  certain  number  of  degrees.  For  the 
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rudder  is  impressed  by  the  water,  at  the  height  of  the  (loatins- 
line,  more  directly  thaa  at  the  keel,  because  the  fluid  exactly 
follows  the  horizontal  outlines  of  the  bottom;  so, that  a  parti- 
cular position  of  the  helm  niijjht  be  supposed  necessary  for 
each  different  incidence  which  it  encounters  from  the  keel  up- 
wards. But  as  a  middle  position  may  be  taken  between  all 
these  points,  it  will  be  suflicient  to  consider  the  anjjle  formed 
by  the  sides  of  the  ship,  and  her  axis  or  the  middle  line  of  her 
length,  at  the  surface  of  the  water,  in  order  to  determine  after- 
wards the  mean  point,  and  the  mean  an^le  of  incidence. 

It  is  evident  that  the  anfrle.54°  44'  is  too  open,  and  very  un- 
favourable to  the  ship's  head-way,  because  the  water  acts 
upon  the  rudder  there  with  too  great  a  sine  of  incidence,  as 
being  equal  to  that  of  the  angle  which  it  makes  with  the  liiie 
prolonged  from  the  keel  below:  but  above  the  shock  of  the 
water  is  almost  perpendicular  to  the  rudder,  because  of  the 
breadth  of  the  botlom,  as  we  have  already  remarked.  If  then 
the  rudder  is  only  opposed  to  the  lluid,  by  making  an  angle  of 
45°  with  the  line  prolonged  from  the  keel,  the  impression,  by 
becoming  weaker,  will  be  less  opposed  to  the  ship's  head- 
way, and  the  direction  N  P  of  the  absolute  effort  of  the  water 
upon  the  helm  drawing  nearer  to  the  lateral  perpendicular, 
will  be  placed  more  advantageously,  for  the  reasons  above 
mentioned.  On  the  other  hand,  experience  daily  testifies,  that 
a  ship  steers  well  when  the  rudder  makes  the  angle  D  B 
equal  to  35°  only. 

It  has  been  already  remarked,  that  the  effect  of  moving  the 
wheel  to  govern  the  helm  increases  in  proportion  to  the  length 
of  the  spokes;  and  so  great  is  the  power  of  the  wheel,  that  if 
the  helmsman  employs  a  force  upon  its  spokes  equivalent  to  30 
pounds,  it  will  produce  an  effect  of  90  or  120  pounds  upon  the 
tiller.  On  the  contrary,  the  action  of  the  water  is  collected  into 
the  middle  of  the  bread Ih  of  the  rudder,  which  is  very  narrow  in 
comparison  with  the  length  of  the  tiller;  so  the  eflort  of  the 
water  is  very  little  removed  from  the  fulcrum  B  u|)on  which  it 
turns  ;  whereas  the  tiller  forms  the  arm  a  lever  10  or  15  times 
longer,  which  also  increases  the  power  of  the  helmsman  in  the 
same  proporliun  that  the  tiller  bears  to  the  lever,  upon  which 
the  impulse  of  the  water  is  directed.  This  force  then  is  by  con- 
.sequence  10  or  15  times  stronger  ;  and  the  effort  of  30  pounds, 
which  at  first  gave  the  helmsman  a  power  equal  to  90  or  120 
pounds,  becomes  accumulated  to  one  of  900  or  1800  pounds 
upon  the  rudder.  This  advantage  then  arises  from  the  short- 
ness of  the  lever  upon  which  the  action  of  the  water  is  impress. 
ed,  and  the  great  comparative  length  of  the  tiller,  or  lever,  by 
which  the  rudder  is  governed  ;  together  with  the  additional 
power  of  the  wheel  that  direcis  the  movements  of  the  tiller, 
and  still  farther  accumulates  the  power  of  the  helmsman  over 
it.  Such  a  demonstration  ousht  to  remove  the  surprise  with 
which  the  prodigious  effect  of  the  helm  is  sometimes  considered 
from  an  inattention  to  its  mechanism  ;  for  we  need  only  to  ob- 
serve the  pressure  of  the  water,  which  acts  at  a  great  distance 
from  the  centre  of  gravity  G,  about  which  llie  ship  is  supposed 
to  turn,  and  we  shall  easily  perceive  the  dillerence  there  is  be- 
tween the  eflort  of  the  water  against  the  helmsman,  and  the 
efl'ect  of  the  same  impulse  against  the  vessel.  With  regard  to 
the  person  who  steers,  the  water  acts  only  with  the  arm  of  a 
very  short  lever  N  B,  of  which  B  is  the  fulcrum:  on  the  con- 
trary, with  regard  to  the  ship,  the  force  of  the  water  is  impress- 
ed in  the  direction  N  P,  which  passes  to  a  great  distance  from 
G,  and  acts  upon  a  very  long  lever  E  G,  which  renders  the 
action  of  the  rudder  extremely  powerful  in  turning  the  vessel; 
so  that,  in  a  large  ship,  the  rudder  receives  a  shock  from  the 
water  of  2700  or  2800  pounds,  which  is  frequently  the  case 
when  she  sails  at  the  rate  of  three  or  four  leagues  by  the  hour  ; 
and  this  force  being  applied  in  E,  perhaps  100  or  110  feet  dis- 
tant from  the  centre  of  gravity  G,  will  operate  upon  the  ship, 
to  turn  her  about,  with  270,000  or  .^OS.OOO  pounds  ;  whilst,  in 
the  latter  case,  the  helmsman  acts  with  an  eflort  which  exceeds 
not  ,30  pounds  upon  the  spokes  of  the  wheel. 

After  what  has  been  said  of  the  helm,  it  is  easy  to  judge, 
that  the  more  a  ship  increases  her  velocity  with  regard  to  the 
sea,  the  more  powerful  will  be  the  efl'ect  of  the  rudder;  be- 
cause it  acts  against  the  water  with  a  force,  which  increases  as 
the  square  of  the  swiftness  of  the  fluid,  whether  the  ship  ad- 
vances or  retreats,  or,  in  other  words,  whether  she  has  head- 
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way  or  stern-way  ;  w ith  this  distinction,  that  in  these  two  cir- 
cumstances the  eflects  will  be  contrary.  For  if  the  vessel 
retreats,  or  moves  astern,  the  helm  will  be  impressed  from  I  to 
N  ;  and  instead  of  being  pushed,  according  to  N  P,  it  will  re- 
ceive the  effort  of  the  water  from  N  towards  R;  so  that  the 
stern  will  be  transported  to  the  same  movement,  and  the  head 
turned  in  a  contrary  direction. 

IIEFjMET,  an  ancient  defensive  armour,  worn  by  horsemen 
both  in  war  and  in  tournaments,  which  covered  both  the  head 
and  face,  leaving  only  an  aperture  in  the  front  secured  by  bars 
which  was  called  the  visor.  It  is  still  used  in  heraldry  bv  way 
of  crest  over  the  shield  or  coat  of  arms,  to  express  the  differ- 
ent degrees  of  nobility  by  the  different  manner  in  which  it  is 
borne.  Thus,  a  helmet  in  profile  is  given  to  gentlemen  and 
esquires  ;  to  a  knight  the  helmet  standing  forward  and  the 
beaver  a  little  open  ;  the  helmet  in  profdc  and  open,  with  bars, 
belongs  to  all  noblemen  under  the  degree  of  a  duke:  and  the 
helmet  forn  ard  and  open,  with  many  bars,  is  assigned  to  kings, 
princes,  and  dukes. 

HEMISPHERE,  in  Geometry,  is  one-half  of  a  globe  or 
sphere,  formed  by  a  plane  passing  through  its  centre. 

Hemisphere,  in  Astronomy,  is  particularly  used  to  denote 
one-half  of  the  sphere,  as  separated  by  the  plane  of  the  equa- 
tor ;  that  situated  towards  the  north  pole  being  called  the 
northern,  and  the  other  the  southern  hemisphere.  The  horizon 
also  divides  the  sphere  into  two  hemispheres,  the  lower  and  the 
upper;  the  latter  being  that  half  which  has  the  zenith  for  its 
vertex,  the  former  having  the  nadir  in  its  vertex. 

We  have,  in  this  work,  given  two  hemispheres  of  the  celes- 
tial regions,  exhibiting  all  the  stars  and  constellations  exactly 
as  they  appear  in  nature:  the  whole  of  the  stars  having  their 
right  ascension  and  declination  computed  for  the  present 
century. 

Hemisphere  is  also  used  for  a  map  or  projection  of  half  the 
terrestrial  globe,  or  half  the  celestial  sphere  on  a  plane.  These 
are  also  frequently  called  Planispheres. 

HEMISTICH,  in  poetry,  denotes  half  a  verse,  or  a  verse 
not  completed. 

HEMP.  See  Cannabis.  The  cannabis  saliva,  or  hemp 
plant,  is  cultivated  on  account  of  its  external  filaments, 
which  constitute  the  hemp  used  for  cordage,  canvass,  cloth.  &c. 
and  the  seeds  abound  with  oil.  The  operations  of  barling, 
watering,  breaking,  swingling,  and  heckling  hemp  are  very 
much  like  those  practised  in  the  dressing  of  flax. — The  hemp 
imported  into  this  country  chiefly  comes  from  Russia.  The 
best  hemp  should  be  clean,  soft,  tender,  of  long  staple,  and 
a  sound  palish-yellow  colour,  neither  green  nor  red.  Many 
experiments  have  been  made  upon  the  relative  strength  and 
utility  of  the  nettle,  the  hop,  the  aloe,  the  yucca,  the  barks  of 
the  mulberry  and  bread-fruit  tree,  and  many  other  vegetable 
fibres  for  the  production  of  thread,  cloth,  and  paper,  yet  is  the 
hemp,  the  flax,  and  the  cotton  superior  to  them  all,  not  only 
on  account  of  their  abundance  and  easy  culture,  but  from  the 
very  superior  strength  and  fineness  of  their  fibres  under  all 
chRnges  of  circumstance. 

The  hemp  being  the  larger  and  stronger  plant,  yields  the 
longest,  coarsest,  and  strongest  fibres,  and  is  usually  employed 
in  forming  all  kinds  of  ropes  and  cordage,  coarse  cloth  and 
sacking;  notwithstanding  which,  if  properly  dressed  and  ma- 
naged, a  white  linen  may  be  produced  from  it  very  little  in- 
ferior in  texture  to  that  of  flax,  and  certainly  superior  in 
durability.  Flax,  on  the  contrary,  being  a  more  tender  and 
delicate  plant,  produces  a  finer  fibre  by  ordinary  treatment,  and 
is  used  for  the  finer  fabrics  of  thread,  linen,  and  cambric. 

The  flax  plant  (Z-iHum  of  Linnajus)  is  an  annual,  requiring 
to  be  sown  with  seeds  of  the  last  year's  product,  from  the 
second  week  in  March  to  the  middle  of  April.  It  prefers  a 
free  open  loam,  which  is  neither  subject  to  too  much  wet  or 
drought ;  is  certain  of  producing  a  good  erop  on  new  ground, 
and  will  generally  thrive  on  any  soil  which  is  proper  for  bar- 
ley or  oats.  It  remains  in  the  ground  till  the  end  of  July,  or 
middle  of  August,  when  it  ripens,  and  is  fit  for  pulling,*  (un- 
less it  should,  from  circumstances,  be  desirable  to  keep  it  for 

*  "WiU  sboutd  be  dons  soon  after   Itie   bloom    fills  otT,  vsbeii  tbe  ttftJk 
begins  lo  turn  yellow,  and  before  tbe  Icives  fall  ufl". 
5  Y 
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seed  only,)  and  may  be  succeeded  by  a  crop  of  wlieat  or  tur- 
nips, lor  which  it  is  an  excellent  iireparation.  It  may  also  be 
sown  to  advantaf;e  with  clover  seeds,  which  will  then  succeed 
it  a«  an  afler-crop.  Hemp  ( Cunnnhis  sativa)  is  a  much  more 
rank  and  coarse  plant,  jt'owiuR  from  six  to  sixteen  feet  in 
height,  and  is  more  or  less  common  in  all  countries.  It  is, 
however,  chiefly  cultivated  in  the  northern  parts  of  Europe, 
whence  it  is  largely  innported  into  England.  It  tlirives  well  in 
England  ;  and  I'2n<jlish  hemp,  when  properly  manufactured,  is 
found  more  compact,  strong,  and  durable  than  that  of  Russia. 
It  should  be  sown  about  the  same  tijnc  as  llax,  in  a  deep,  rich, 
and  moist  soil,  on  which  account  the  Isle  of  Ely  and  the  fens 
of  Lincolnshire  are  particularly  favourable  to  its  growth.  Like 
tlax.when  sufficiently  ripe,  it  is  not  cut,  but  pulled  up  root  and 
all,  on  which  account  both  these  plants  leave  the  soil  parti- 
cularly clean- 

The  fibre  is  situiited  between  the  interior  wood  and  exterior 
bark  of  each  stalk,  and  was  till  lately,  always  obtained  by  an 
aqueous  decomposition,  or  by  rotting  away  the  wood  and  exte- 
rior bark  by  exposure  to  moisture,  since  the  fdjre  itself  (though, 
no  doubt,  somewhat  injured  by  the  process)  has  sufficient 
strength  and  durability  to  withstand  it  in  a  great  measure. 
The  process  of  rotting  away  the  woody  from  the  fibrous  parts 
of  plants,  though  one  of  extreme  antiquity,  has  proved  ex- 
tremely detrimental  to  the  health,  not  only  of  the  inhabitants, 
but  injurious  to  the  cattle,  of  those  countries  in  which  it  is  car- 
ried on  to  a  considerable  degree.  It  becomes  the  source  of 
many  pestilential  diseases,  among  which  perhaps  the  Malaria, 
so  prevalent  in  the  vicinity  of  Rome  and  Naples,  may  be 
numbered  ;  besides  which,  since  flax  and  hemp  ripen  about  the 
month  of  August,  and  require  to  be  submitted  to  this  process 
as  soon  as  they  are  taken  from  the  ground,  or  at  least  before 
they  dry,  the  farmer's  attention  becomes  necessary  to  them 
when  bis  time  is  most  valuable  and  can  least  be  spared,  namely, 
in  the  time  of,  or  immediately  antecedent  to,  his  corn  harvest. 

The  product  to  be  expected  from  the  growth  of  flax  is  of  two 
kinds,  viz.  The  seed  for  oil  and  sowing,  and  the  fibre  for  spin- 
ning. These  are  nearly  equal  in  value,  and  it  has  been  usual 
for  cultivators  to  govern  their  operations  by  the  kind  of  crop 
which  is  produced  ;  thus,  if  it  grows  short  and  branchy,  the 
seed  will  be  more  valuable  than  the  llax,  which  consequently 
should  not  he  disturbed  until  that  seed  is  perfectly  ripe  ;  while, 
on  the  contrary,  if  it  proves  tall,  and  has  not  fallen,  the  seed 
(although  not  ripe)  is  excellent  food  fur  caltle,  and  must  be 
threshed  out  as  perfectly  as  possible,  and  the  remainder  sacri- 
ficed to  the  fibre.  A  very  good  machine  for  threshing  out  flax 
in  this  state,  was  invented  by  Mr.  Cleall,  and  will  be  found 
described  in  the  Transactions  of  the  Society  for  the  Encourage- 
ment of  Arts  and  Sciences,  Loudon,  vol.  xxv.  p.  143. 

The  operation  of  rotting,  or,  as  it  is  generally  called,  Water 
Retting  Flax  and  Hemp,  is  one  of  considerable  nicety,  and 
hazard  to  the  cultivator,  on  which  account  it  has,  in  all  prolia- 
bility,  proved  a  much  greater  barrier  to  the  cultivation  of 
these  useful  plants  in  England,  than  the  alleged  exhaustion 
of  soil,  or  any  other  cause  ;  for  its  perfection,  and  the  period 
when  it  should  cease,  depend  on  several  fortuitous  circum- 
stances, which  may  dispose  the  woody  matter  of  the  stem  to 
decompose  willi  greater  or  less  facility.  Thus  it  will  be  in- 
fluenced by  the  strength  and  vigour  of  the  plant,  the  moistuie 
or  dryness  of  the  season,  the  temperature  of  the  air  during 
the  process,  as  well  as  the  soil  from  which  the  plant  is  pro- 
duced. If  the  operation  is  carried  too  far,  not  only  the  woody 
matter,  but  the  fibre  also,  will  be  destroyed  or  injured,  and  if  not 
far  enough,  it  has  generally  been  thought  that  the  flax  will 
not  dress  :  and  thus,  after  a  good  crop  has  been  produced,  it 
may  be  nmch  injured,  if  not  spoiled,  ia  the  incipient  stage  of 
its  manufacture. 

The  steeping  or  watering  of  flax  is  most  commonly  per- 
formed in  artificial  ponds  or  canals,  excavated  by  the  sides  of 
rivers,  and  generally  about  10  feet  long,  6  feet  wide,  and  4 
deep,  a  suflicieut  size  to  admit  the  produce  of  an  acre  of  land 
at  once.  Sluices  are  so  disposed,  that  the  contained  water 
may  at  any  time  be  let  oil',  and  a  fresh  quantity  of  water, 
which  should  be  soft,  admitted.  These  canals  should  be  ex- 
posed to  the  sun,  which  assists  the  decomposition.  The  fresh- 
gathered  llax  being  lied  in  bundles  or  liandfuls,  is  carefully 


placed  in  these  reservoirs,  the  superior  bundles  causing  those 
which  were  first  deposited  to  sink  ;  and  in  this  way  eaoh 
reservoir  is  filled,  but  not  to  surh  a  degree  as  to  force  any  part 
of  the  flax  to  toucOi  the  bottom;  and  when  filled,  the  whole 
surface  is  covered  with  close  hnrdles  or  boards,  and  sufliciently 
loaded  with  stones  to  cause  every  part  of  the  llax  to  be  under 
the  surface  of  the  water.  In  this  stale  it  is  left,  and  occa- 
sionally examined,  to  ascertain  how  far  the  process  of  decom- 
position is  completed,  which  will  generally  be  within  a 
fortnight.  The  bundles  of  flax,  which  have  by  this  time  become 
very  tender  and  difficult  to  handle,  are  now  to  be  taken  out 
on  boards  or  trays,  and  removed  on  to  the  nearest  short 
grass  or  heath,  where  they  are  regularly  disposed  in  rows  to 
loose  their  moisture,  and  in  which  situation  they  receive  an 
additional  preparation  from  the  evening  dews  and  occasional 
showers  completing  the  decomposition,  and  at  the  samo 
time  washing  away  the  slime  and  mucilage  w  ith  which  they 
are  mixed.  This  last  exposure  is  ('ailed  dew-retting,  and 
continues,  according  to  the  state  of  the  atmosphere,  for  four 
or  five  weeks,  or  until  the  flax  is  as  dry  as  it  can  be  got,  of  a 
clear  good  colour,  and  all  the  woody  matter  which  remains  is 
perfectly  brittle.  The  fibre  will  still  retain  most  of  its  original 
tenacity,  if  the  operation  has  been  carefully  and  skilfully  con- 
ducted. It  is  then  carried  away,  like  hay,  on  a  fine  dry  day, 
and  deposited  in  barns,  being  now  ready  for  the  next  process, 
called  breaking  and  dressing. 

So  soon  as  a  reservoir  is  emptied  as  above  described,  its 
water  is  let  olf,  of  course  in  a  very  putrid  and  unwholesome 
state.  The  basin  is  washed  out;  a  new  quantity  of  water  is 
admitted,  which  is  now  ready  to  receive  a  fresh  charge  of 
flax.  The  rivers,  by  receiving  this  water,  particularly  if  hemp 
has  been  steeped  in  it,  become  contaminated  ;  their  fish  are 
killed;  the  cattle  refuse  to  drink  it;  and  the  atmosphere 
around  is  filled  with  noxious  vapours,  most  detrimental  to 
the  health  of  the  inhabitants. 

The  breaking  of  flax  is  the  separation  of  what  is  technically 
called  tlie  Boon,  or  woody  matter,  from  t/ie  Hnrle,  or  useful 
fibre  ;  and  this  may  be  effected  in  a  variety  of  ways.  It  is 
done  in  mills  by  machinery,  and  by  hand,  and  in  almost  all 
cases  is  very  effectually  performed  by  a  set  of  liliint  iron  teetli 
or  breakers,  fixed  upon  one  piece  of  wood,  and  met  by  another 
similar  set  of  teeth  fixed  to  a  moveable  piece,  which  is  worked 
by  the  one  hand,  while  the  llax  in  haudfuls  is  introduced 
between  these  teeth  in  various  directions  with  the  other  hand. 
This  breaks  and  knocks  olf  the  greater  part  of  the  wood  in  small 
fragments,  called  chalf,  and  the  operation  is  completed  by 
scutchiiiy  or  beating  the  flax  against  a  smooth  post  called  a 
scutching  post,  and  also  beating  it  with  an  instrument  some- 
what resembling  a  curry-comb,  and  nailed  a  hand  scutch,  by 
which  the  few  remaining  fragments  of  wood  or  boon  are 
taken  away,  and  nothing  but  the  long  fibre  remains,  which 
is  now  to  be  hackled,  or  drawn  by  the  hnnd  over  a  species  of 
comb,  having  a  great  number  of  very  shaip  long  and  perpendi- 
cular steel  points  upon  it,  by  which  an\  rcmai.iing  lioon  and 
the  short  fibres  or  tow  are  removed,  and  the  long  fibres  which 
remain  are  regularly  disposed,  and  ready  to  pass  into  the 
hands  of  the  spinner. 

Flax  and  hemp  have  obtained  the  character  of  being  very 
impoverishing  crops  to  the  land  which  bears  them,  and  very 
deservedly  so.  For  while  every  other  crop  makes  a  return  to 
the  land,  either  of  its  roots  or  branches  to  decay,  and  form!) 
manure,  or  becomes  matter  of  animal  food  ;  these  make  no  sucb 
return,  at  least  to  their  own  land. 

But  although  the  above  methods  arc  still  practised  on  the  con- 
tinent, it  has  been  discovered,  that  the  process  of  steeping  and 
dew  retting,  as  applied  to  flax  and  hemp,  is  wholly  unnecessary  ; 
and  that  these  vegetables  will  not  only  dress,  but  will  produce 
an  equal,  if  not  greater  quantity  of  more  durable  and  ser- 
viceable fibre,  when  treated  in  the  dry  vvay,  than  when  exposed 
to  the  tedious,  difficult,  and  precarious  process  which  has  been 
above  described  ;  and  it  is  to  be  lamented,  that  a  discovery  of 
so  much  natioual  importance,  made  in  this  country,  should  not 
hitherto  have  been  recorded  and  described  in  any  of  lier  jour- 
nals or  archives  of  science. 

This  discovery  was  first  given  to  the  world  by  Jas.  Lee,  E.iq. 
formerly  of  Old  Ford,  in  Essex,  and  latterly  of  Merton  Abbej 
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Flax  Mills,  lie  having  obtained  a  patent  for  his  process  in  1812, 
under  the  singular  protection  of  a  special  act  of  Parliament, 
which  permitted  the  specification  of  that  patent  invention  to 
remain  sealed  np  for  seven  years,  contrary  to  the  general  [irac- 
tice  in  such  cases. 

Among  the  more  valuable  concomitants  of  this  discovery, 
are  the  circumstances  of  the  noxious  vapours  and  unhealthy 
employment  attendant  upon  the  former  process  of  steeping 
flax  being  removed,  as  well  as  the  supply  of  an  abundance  of 
in-door  winter  employment,  being  produced  in  the  breaking 
and  preparation  of  (lax  for  spinning,  when  it  has  been  thus 
husbanded,  and  which  may  be  resorted  to  at  all  convenient 
times,  when  the  farming  labourers  and  servants  are  shut  out 
from  other  work  by  the  inclemency  of  seasons  or  other  causes  ; 
and  thus  it  is  presumed  a  new  source  of  active  and  lucrative 
employment  is  held  out  to  the  British  farmer,  by  the  adoption 
of  which,  he  may  in  a  few  years  be  in  the  receipt  of  that  im- 
mense capital  which  is  now  paid  to  foreign  countries  upon  ihe 
importation  of  flax  and  hemp. 

The  machinery  to  be  used  for  breaking  and  manufacturing 
the  flax  and  hemp  prepared  by  his  dry  method,  so  far  as  it  has 
come  before  the  public  in  tlie  use  of  Mr.  Lee's  patent  process, 
does  not  appear  to  have  fully  answered  his  purpose  ;  for  we 
find  that  a  few  years  since  he  obtained  another  patent  for 
other  machinery  and  ))rocesscs  not  included  in  the  first, 
and  of  which  the  sprcilication  is  not  protected  by  the  same 
secrecy  of  enrolment.  He  tlius  appears  to  have  been 
made  fully  satisfied,  by  experience,  of  the  incapacity  of  liis 
first  machines  to  produce  much  work,  and  thorefoie  now 
abandons  them,  and  performs  his  whole  operation  by  means 
of  a  series  of  small  iron  fluted  rollers,  combined  by  pairs  in 
frame-work,  working  in  each  other's  teetli  or  projections,  (as 
shewn  in  the  plate  of  Mills.)  and  made  to  press  or  hear  upon 
each  other  in  any  assigned  degree,  and  so  as  to  admit  larger 
or  smaller  charges  of  flax  between  them,  by  means  of  levers 
and  weights  ;  and  although  the  application  of  such  fluted  rol- 
lers to  the  breaking  of  flax  and  hemp  has  long  been  common, 
particularly  in  Scotland,  yet  Mr.  Lee's  arrangement  of  them  is 
novel,  ingenious,  and  perfectly  answers  the  purpose. 

Instead  of  using  one  or  two  pair,  as  usual,  he  proposes  to 
dispose  a  number  of  single  pairs  of  rollers  by  the  side  of  each 
other,  having  them  all  kept  in  motion  at  once  by  o  wafer 
wheel  or  other  prime  mover;  and  instead  of  passing  the  flax 
through  them  in  its  natural  straight  form,  it  is  entered  between 
them,  and  as  soon  as  the  ends  appear,  and  come  out  on  the 
opposite  side  of  the  rollers,  those  ends  which  are  following 
are  intermixed  or  overlayed,  or,  as  it  is  technically  called, 
taileil  en  to  the  first,  so  as  to  form  a  circular  hoop  or  skein  of 
flax,  which  having,  as  it  were,  no  end.  will  continue  to  revolve 
between  the  rollers  for  any  length  of  time. 

The  importance  of  a  cheap,  effective,  and  expeditious  mode 
of  breaking  and  preparing  raw  flax  and  hemp,  is  such,  that  it 
cannot  be  a  matter  of  surprise,  that  many  ingenious  mecha- 
nics should  have  turned  their  attention  to  this  subject.  Several 
models  of  machines  for  this  purpose  have  been  invented,  parti- 
cularly by  Bond  and  Durand,  which  will  be  found  described  in 
the  Transactions  of  the  Society  for  the  Encouragement  of  Arts, 
Manufactures,  and  Commerce,  vol.  2.'>,  p.  l.'j'i,  and  vol.  31, 
p.  2G;)  ;  and  especially  those  of  Messrs.  Hill  and  Bundy,  of 
Camden  Town,  London,  for  which  Mr.  Bundy  obtained  a 
patent  for  Great  Britain  and  France,  and  which,  from  the 
novelty  of  their  actions  and  motions,  and  Ihe  very  speedy  and 
clTicacious  manner  in  which  they  perform  their  work,  deserve 
to  be  particularly  noticed. 

These  machines  are,  a  Breaker  and  a  Rubber. — The  first 
being  for  the  purpose  of  separating  the  harle  from  the  boon,  as 
usual,  but  by  a  new  proress  :  the  latter  for  rubbing  and  sub- 
dividing the  fibres  so  as  to  produce  it  in  its  greatest  stale  of 
perfection,  and  finally  cleansing  it  before  it  goes  to  the  hack- 
Icr.  The  breaking  machine  will  bo  first  described,  as  it  is  to  be 
first  used,  and  it  will  appear,  that  although  it  consists  chiefly 
of  fluted  or  toothed  cylinders,  yet  it  varies  from  all  other 
machines  for  the  same  purpose,  which  have  preceded  it,  by  the 
inecpiality  of  the  depth  of  its  teeth,  the  play  or  space  which 
exists  between  one  tooth  and  another,  and  in  the  reciprocating 
motion  of   the    cylinders   combined   with   their    progressive 


motion,  instead  of  its  being  progressive  only,  as  in  all  former 
cases;  by  these  means  the  happiest  eflects  are  produced. 
The  simple  manner  in  which  t''is  complex  motion  is  brought 
about,  reflects  the  highest  credit  on  the  mechanical  skill  of  Mr. 
Bundy,  the  inventor,  not  only  of  these  machines,  but  of  many 
others  of  equal  ingenuity. 

Fie,.  1. 


Fig.  1  represents  a  side  view  of  the  breaking  maeliine  on  a 
scale  of  about  half  an  inch  to  a  foot.  The  framing,  A.  is  of 
timber,  which  serves  to  support  the  five  breaking  cylinder.'* 
marked  C  c  D  E  E,  turning  on  pivots.  C  D  and  c  move  in  brass 
bearings,  fixed  upon  the  boards  or  supports  B,  on  the  two 
opposite  sides  of  the  machine,  while  EE  merely  lay  above  and 
between  CD  and  Do,  and  are  drawn  down  to  these  by  two 
rods,  as  seen  at  F  F.  The  lower  ends  of  these  arc  joined  by 
a  connecting  bar,  and  another  rod  proceeds  downwards,  its 
lower  end  being  fixed  by  a  double  adjusting  nut  G,  near  the 
pin  or  fulcrum  H,  of  the  lever  or  presscr,  H,  I,  «  hich  is  loaded 
with  a  weight  J.  There  is  a  similar  lever  on  each  side  of  the 
machine,  to  bear  down  the  four  ends  or  pivots  of  the  two  rollers 
E  E,  and  the  ends  of  these  levers  nearest  I,  are  united  with  a 
cross  bar,  by  means  of  which  one  weight,  J,  acts  on  them  both, 
and  is  made  to  press  equally  by  an  adjusting  nut  and  screw, 
on  each  side,  like  G.  K  L  is  a  lever  placed  under  the  machine, 
one  end  of  which  is  attached  to  the  weight  J,  in  such  manner 
that  by  pressing  down  its  end  L.  J  is  raised,  and  all  pressure  is 
instantly  prevented  between  the  superior  cylinders  E  E,  and 
those  under  them  at  C  I)  c,  for  stopping  the  operation  of  the 
machine  at  any  time.  The  breaking  cylinders  are  about  eigh- 
teen or  twenty  inches  in  length,  and  are  made  of  beech  or  any 
hard  wood,  and  are  all  similar  to  each  other  in  dimensions,  and 
in  having  breakers  which  act  also  as  teeth,  extending  like  pro- 
jecting plates  their  whole  length  parallel  to  the  axis.  These 
breakers  or  teeth  are  formed  of  thin  hoop-iron,  let  about  half 
its  width  into  saw  cuts  in  the  cylinders  into  which  they  are 
driven,  and  they  are  retained  in  their  places  by  iron  hoops  put 
on  to  each  end  of  the  cylinders  ;  they  are  about  half  an  inch 
asunder,  their  external  edges  are  well  rounded,  so  as  not  to  cut 
the  flax,  and  they  are  alternately  long  and  short ;  the  long  or 
deep  teeth  projecting  about  three-quarters  of  an  inch  from  the 
cylinder,  while  the  short  ones  are  about  half  that  length.  la 
placing  the  lower  breaking  cylinders  in  their  places,  care  must 
he  taken  that  they  do  not  touch  each  other,  since  their  teeth  are 
only  to  connect  through  the  medium  of  the  two  upper  rollers 
which  press  upon  them.  The  axis  of  the  roller  D  is  longei 
than  the  others,  and  extends  on  both  sides  beyond  the  frame 
and  upon  each  end  of  it  is  fixed  a  cast-iron  wheel,  by  which 
motion  is  to  be  given  to  this  cylinder,  and  through  this  to  all 
the  others.  Both  the  wheels  arc  of  the  same  diameter,  but 
one  is  a  ratchet  wheel,  as  will  be  seen  in  the  last  figure,  vthile 
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that  on  the  opposite  side  is  a  spur  or  common  tootlied  «heel, 
as  will  be  seen  in  fig.  2,  which  represents  such  parts  of  the 
machine  on  the  opposite  side  as  are  essential  to  its  motion,  and 
the  same  letters  of  reference  are  used  in  both  figures  to  denote 
similar  narts. 


Fig.  2. 


^^nik^/ 


The  first  motion  is  given  to  this  machine  from  the  iron 
spindle  O,  fig.  1,  which  may  he  turned  by  a  handle,  or  hy  a 
band  and  rigger,  as  at  P.  It  may  also  be  connected  with  a 
pair  of  spur  wheels  and  a  fly,  as  shewn  in  fig.  1,  to  assist  its 
motion.  On  each  end  of  the  lower  spindle,  if  two  are  used, 
there  is  a  crank,  as  at  Q,  attached  lo  a  connecting  rod  V,  the 
opposite  end  of  which  in  fig.  1,  is  attached  to  a  pall  or  lever 
turning  on  a  centre  S,  so  that  when  O,  or  O  O,  is  turned,  the 
end  of  this  lever  will  describe  a  portion  of  a  circle,  shewn  by 
the  dotted  line  T  A,  and  will  engage  with  the  ratchet  teeth  of 
the  wheel  M,  and  carry  it  partly  round  ;  while  on  the  other 
side  of  the  machine,  shewn  in  fig.  2,  the  connecting  rod  V 
passes  from  the  crank  of  O  to  a  toothed  segment  U,  the  teeth 
of  which  work  into  the  teeth  of  the  spur  wheel  N,  fixed  upon 
the  opposite  gudgeon  of  the  breaking  cylinder  D.  The  con- 
necting rod  on  this  side  of  the  machine  must  be  so  adjusted  in 
length,  that  in  its  motion  outwards  the  end  tooth  of  U,  next 
to  A,  must  be  withdrawn  out  of  the  teeth  of  the  wheel  N,  but 
that  when  it  moves  in  a  contrary  direction,  or  from  T  towards 
A,  it  must  move  completely  in  the  teeth  of  the  wheel,  and  not 
leave  them,  and  of  course  N  at  this  time  is  incapable  of  any 
other  motion,  but  what  the  segment  U  also  has. 

The  connecting  rod  Q  V,  in  fig.  1,  must  also  be  so  adjusted 
in  length  to  the  pall  or  gathering  tooth  S,  as  to  make  it  continue 
to  act  upon  its  wheel  M,  for  the  space  of  one  tooth  of  N  in 
fig.  2,  after  the  segment  U  has  been  withdrawn  from  its  wheel, 
N  ;  and  thus,  although  the  motion  of  U  would  produce  a  back- 
ward and  forw  ard  motion  of  its  corresponding  wheel  N,  and 
the  breaking  cylinder  D,  and  consequently  of  all  the  other 
cylinders,  yet  by  the  after  action  of  .S  upon  M,  the  roller  D  and 
its  wheel  N  are  made  to  advance  gradually  by  the  space  of  one 
tooth  of  N  for  every  revolution  of  O  ;  and  thus  a  slow  but 
regular  progressive  motion  of  the  cylinders  is  obtained  at  the 
same  time  that  the  vibratory  or  oscillating  motion  is  going  on. 
The  flax  is  fed  or  supplied  by  placing  it  in  handfuls  on  the 
feeding  trough  Z,  and  pressing  it  gently  between  the  rollers, 
C  and  E,  and  it  is  delivered  out  from  between  the  rollers  E 
and  c,  at  the  end  of  the  machine  next  to  L,  in  a  sufficiently 
clean  and  divided  state  to  enter  the  rubbing  machine,  which  will 
bo  next  described.  The  superiority  of  this  machine  over 
common  fluted  rollers  needs  no  comment,  since  the  distance 
between  the  teeth  and  the  shake  which  is  produced  by  the 
alternating  motion  of  the  cylinders  exactly  gives  that  action 
which  is  best  suited  to  break  off  and  disengage  the  bark  and 
woody  matter,  which,  when  dry,  is  quite  brittle,  and  falls  to  the 
bottom  of  the  machine.  Once  passing  the  rollers  is  in  general 
gufficieDt  for  either  flax  or  hemp  stalks,  but  the  work  is  ren- 


dered more  perfect  by  a  second  pa.ssage  through  them,  which 
does  not  at  all  injure  the  fibre. 

The  rubbing  machine,  which  is  to  be  used  immediately  after 
the  above  breaking  process,  was  suggested  to  the  inventor 
from  the  beneficial  eilect  \*hich  he  found  produced  on  broken 
flax  by  rubbing  it  between  the  hands  in  the  same  manner  that 
linen  is  rubbed  while  washing,  and  which  not  only  cleanses  it 
of  the  small  fragments  of  wood  and  bark  which  adhere  to  it, 
but  likewise  opens  and  subdivides  the  fibres,  so  as  to  make 
them  produce  the  finest  thread.  The  machine  and  operation 
are  altogether  new  as  applied  to  flax  and  hemp,  and  it  is 
confidently  hoped  considerable  benefit  may  arise  from  their 
use.  Fig.  3  represents  a  side  view,  or  rather  section  of  this 
machine,  drawn  on  a  scale  of  one  inch  to  a  foot. 
Fig.  3. 


Ill  this,  a  is  the  wooden  frame  for  supporting  the  machine  ;  b, 
the  bearers  for  the  three  rollers  cde,  disposed  as  in  the  break- 
ing machine ;  but  in  this  case,  they  are  only  for  the  purpose  ot 
drawing  or  leading  the  flax  through  the  machine,  (the  break- 
ing being  presumed  to  have  been  already  done  by  the  last 
described,  or  any  other  process  ;)  they  must  be  fluted  or  grooved, 
or  may  be  made  in  the  same  manner  as  the  breaking  cylinders, 
but  with  the  teeth  of  equal  length,  much  shorter,  and  of  a 
finer  gauge  or  pitch;  /is  a  rigger  or  pulley  to  uhich  a  rapid 
circular  motion  is  to  be  given  ;  it  is  hung  on  a  shaft  or  spindle 
turning  in  brass  bearings,  and  fixed  to  the  frame  n;  on  the  end 
h  of  this  spindle  is  formed  an  endless  screw  or  worm,  which 
turns  a  small  wheel  i  fixed  upon  the  lower  end  of  an  iron 
spindle  k  turning  in  bearings,  and  leading  by  a  bevil  pinion 
at  its  upper  end  to  the  face  wheel  n,  which  is  fixed  on  to 
one  of  the  gudgeons  of  the  fluted  or  toothed  roller  e,  so  that 
whenever  the  riggeryis  turned,  even  with  a  rapid  motion,  a 
very  slow  motion  will  be  communicated  to  the  rollers  cde 
The  most  essential  part  of  this  machine  consists  of  the  rubber 
boards  opt/r,  which  are  placed  at  the  front  of  the  machine 
are  seven  in  number  in  the  print,  but  may  be  more  or  less, 
and  are  about  an  inch  in  thickness  ;  they  may  be  made  of 
beech,  oak,  or  any  moderately  hard  wood.  Their  edges  or 
sections  can  only  be  seen  in  this  representation,  but  their 
length  may  be  from  eight  inches  to  a  foot  or  more.  The 
board  o  is  firmly  fixed  to  the  top  of  the  framing  a,  and  is 
without  motion,  while  those  marked  ppp  are  supported  upon 
the  two  strong  cylindrical  iron  pins  s,  which  are  Crmly  screwed 
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tnto  tlie  frame  a,  and  pass  through  holes  which  fit  them  in  the 
boards  p  p  p,  so  that  these  last  can  be  moved  to  a  greater  or 
less  dislaiicu  from  each  other,  but  are  incapable  of  up  and  down 
motion.  The  intermediate  boards  977  are  so  much  shorter 
as  to  pass  between  the  iron  pins  s  and  admit  of  an  up  and  down 
motion  between  ppp ;  for  this  purpose,  they  are  all  connected 
together  by  an  iron  link  or  staple  x,  fixed  upon  the  top  of  the 
connecting  rod  u,  the  lower  end  of  which  works  upon  a  crank 
in  the  middle  of  the  first  spindle  upon  which  the  rigger /is 
placed,  so  that  in  every  revolution  of /the  moveable  boards 
!/'/(}  are  driven  upwards  and  downwards  between  the  more 
stationary  boards  ppp,  and  the  one  which  is  fixed  at  0.  The 
whole  of  the  boards  are  drawn  towards  o  by  means  of  a  rod  on 
each  of  their  sides  passing  through  ppp  and  o,  and  acted  upon 
at  t  by  weights  or  spiral  wire  springs,  and  the  whole  of  the 
boards  are  perforated  with  a  slit  or  mouth  from  four  to  six  inches 
long,  (according  to  their  width)  and  about  a  quarter  of  an  inch 
wide,  placed  near  their  tops  at  an  equal  distance  from  the  top 
of  each,  and  nicely  rounded  olT  on  all  its  edges.  The  conse- 
quence will  be,  that  whenever  the  crank  is  in  an  horizontal 
situation,  all  these  slits  will  coincide,  but  when  the  crank  is 
down,  as  in  the  figure,  the  slits  m  qqq  (which  slits  are  seen 
only  in  section)  will  be  below  those  in  ppp  E»nd  0,  while  when 
the  crank  is  up  they  will  be  elevated  above  them  ;  and  thus  it 
will  easily  be  perceived,  that  if  flax,  or  any  other  flexible  mate- 
rial, is  passed  through  the  slits  in  the  boards  when  they  do 
coincide,  and  then  conducted  between  the  toothed  rollers,  that 
while  these  draw  it  slowly  on  through  the  machine,  the  boards 
pp,  (77,  &c.  by  their  rapid  up  and  down  motion,  will  efl'ectually 
rub  it,  and  cleanse  it  from  any  extraneous  matter  which  may 
adhere  to  it,  as  well  as  open  the  fibres  ;  and  for  the  better  regu- 
lation of  this  operation,  >;  is  a  treadle  or  lever  near  the  foot  of 
the  attendant,  by  pressing  on  which,  the  weight  w,  which 
depresses  the  top  roller  rf,  will  be  raised,  in  consequence  of 
which  the  rollers  will  cease  to  draw,  although  the  rubbing  still 
continues,  so  that  its  velocity  in  passing  the  machine  may  be 
correctly  regulated  at  the  will  of  the  superintendant.* 

The  average  crop  which  has  been  produced  in  England  from 
sowing  three  bushels  of  flax  or  lint  seed  on  an  acre  of  land, 
is  2J  tons  of  flax  stem,  which,  when  broken  and  prepared, 
yields  from  10  to  13cwt.  of  harle,  or  flax  fit  for  hackling,  and 
the  boon  or  woody  matter  which  falls  through  the  machine, 
will  yield  from  90  to  100  bushels  of  chaff  from  the  seed,  and 
is  tir  for  provender  for  horses  or  cattle,  and  from  35  to  40ewt. 
of  chalf  from  the  stem,  making  a  valuable  manure,  while  from 
10  to  14  bushels  of  seed  may,  in  almost  all  cases,  be  procured 
from  the  same  quantity.  The  operation  of  hackling,  which 
succeeds  that  of  breaking,  was  here  minutely  described  and 
shewn,  and  by  this  the  average  of  12  cwt.  of  harle,  produced 
by  an  acre  of  land,  becomes  diminished  down  to  about  from 
450  to  380lbs.  of  fine  long  flax,  fit  for  spinning  the  best  mate- 
rials, being  but  little  more  than  ^th  of  the  gross  produce  ;  not- 
withstanding which,  the  value  of  the  seed,  the  chaff,  and  the 
tow,  which  is  the  refuse  of  the  hackling  process,  are  said  to 
amply  compensate  for  this  apparent  loss. 

Spinning  is  the  operation  which  succeeds  to  hackling,  and 
the  advantages  arising  from  this  union,  by  twisting  the  fibres 
together,  was  detailed,  as  well  as  the  mechanical  action,  by 
which  strength  and  continuity  of  length  are  obtained  by  the 
lateral  friction  of  one  (ibre  against  another. 

The  yarns,  when  completed,  are  wound  into  skeins  of  300 
yards  each  in  length,  by  means  of  counting  reels,  which  strike 
upon  a  bell,  or  otiierwise  indicate  when  this  ([uantity  is  com- 
plete, and  such  skeins  are  called  teas.  From  the  niimber  of 
leas  which  a  pound  of  flax  will  produce,  its  denomination  and 
value  is  computed.  Thus  yarn  No.  10,  or  10  lea  yarn,  is  ten 
times  .300  yards,  or  3000  yards  from  one  pound  of  hackled  flax  ; 
40  lea  yarn,  or  12,000  yards  from  the  pound,  is  said  to  be  the 
finest  produced  in  England  by  machine  spinning,  though  by 
hand  spinning  the  process  has  been  carried  as  high  as  120  leas 
to  the  pound.     The  average  work  of  every  spindle  in  a  spinning 


'  For  an  account  of  the  quantity  of  work  these  machines  are  capable  of 
perlorming,  and  other  piirtioulars  respecting  them,  see  the  Ktport  of  llie 
Select  Comniiltee  of  the  House  of  Commons  on  the  suhjecl.  Mr.  Buncl^' 
han  likewise  invented  a  very  ingenious  inacliiue  for  hackling  llax. 
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mill,  where  thousands  are  usually  in  motion  at  once,  is  esti- 
mated at  an  average  of  12  leas  in  the  day,  or  3G00  yards ;  and 
in  spinning  the  finest  yarns  the  spindle  is  said  to  revolve  3000 
times  in  a  minute !  We  do  not,  however,  vouch  for  this  almo.st 
incredible  velocity,  not  having  had  an  opportunity  of  calculating 
the  machinery. 

The  qualities  of  the  tow,  or  refuse  of  flax  and  hemp,  and  the 
various  operations  performed  upon  it,  cannot  here  be  enume- 
rated and  explained,  among  which  is  that  of  carding  it  by 
machinery,  so  as  to  produce  useful  rovings  for  spinning  infe- 
rior yarns. 

HENDECAGON,  in  Geometry,  a  figure  that  has  eleven 
sides,  and  as  many  angles. 

HKPATIC  Gas.  the  old  name  for  sulphuretted  hydrogen. 

HEPTACHORD,  in  the  ancient  poetry,  signified  verses  that 
were  sung  or  played  on  seven  chords,  that  is,  on  seven  dif- 
ferent notes. 

HEPTAGON,  in  Geometry,  a  figure  consisting  of  seven 
sides  and  as  many  angles. 

HEPTARCHY,  a  government  of  seven  persons  ;  also  a  state 
or  country  divided  into  seven  kingdoms,  and  governed  by 
seven  independent  princes.  Kngland  was  at  one  period  divi- 
ded info  seven  kingdoms,  under  the  Saxons,  hence  called  the 
Saxon  Heptarchy. 

HERALD,  is  an  ofllcer  at  arms,  whose  business  it  is  to 
denounce  war,  proclaim  peace,  or  be  otherwise  employed  by  the 
king  in  martial  messages  or  other  business. 

Heralds  are  the  judges  and  examiners  of  gentlemen's  coals 
of  arms,  and  preservers  of  genealogies,  and  they  marshal  all 
solemnities  at  the  coronation  of  princes,  and  funerals  of  great 
persons. 

Hf.kalds.  The  heralds,  which  arc  sLx  in  number,  are  dis- 
tinguished by  the  names  of  Richinood,  Lancaster,  Chester, 
Windsor,  Somerset,  and  York,  and  arc  all  equal  in  degree, 
only  preceding  according  to  the  seniority  of  their  creation, 
their  patents  being  under  the  great  seal  of  England. 

HERALDRY,  is  a  science  which  teaches  how  to  blazon  or 
explain,  in  proper  terms,  all  that  belongs  to  arms;  and  how  to 
marshal,  or  dispose  with  regularity,  divers  arms  on  a  field.  It 
also  teaches  whatever  relates  to  the  marshalling  of  solemn  pro- 
cessions, and  other  public  ceremonies  at  coronations,  instal- 
lation of  knights,  creations  of  peers,  nuptials,  christenings  of 
princes,  funerals,  &c. 

Arms,  sometimes  called  coats  of  arms,  are  hereditary  marks 
of  honour,  made  up  of  fixed  and  determined  colours  and  figures, 
granted  by  sovereign  princes,  as  a  reward  for  military  valour, 
or  some  signal  public  service:  and  serve  to  denote  the  descent 
and  alliance  of  the  bearer:  or  to  distinguish  states,  cities,  soci- 
eties, &c.  civil,  ecclesiastical,  and  military.  Arms  arc  distin- 
guished by  dillerent  names  to  denote  thecauscs  of  their  bearing, 
such  as  arms  oiiliiminion,  o{ pretension,  o( concession,  ofcommiuii- 
tii,  oi'patroiin(/e,  uffamibj,  of  alliance,  o[  succession,  of  assiimptiott. 
Those  of  dominion  and  sovereignty  are  those  which  emperors, 
kings,  and  sovereign  states  constantly  bear  ;  being,  as  it  were, 
annexed  to  the  territories,  kingdoms,  and  provinces  they  pos- 
sess.    Thus,  there  are  the  arms  of  England,  of  France,  &c. 

Arms  of  pretension  arc  those  of  such  kingdoms,  provinces, 
or  territories,  to  which  a  prince  or  lord  has  some  claim,  and 
which  he  adds  to  his  own,  although  such  kingdoms  or  territo- 
ries are  possessed  by  another  prince  or  lord.  Arms  of  eonce$- 
i/on,  or  augmentation  of  honour,  areentirc  arms,  as  the  fortress 
of  (iihraltar  on  the  escutcheon  of  Lord  Healhfield.  Arms  of 
community  belong  to  bishopries,  cities,  companies,  &c.  Of 
pulriinvt/e.  to  governors  of  provinces,  lords  of  manors.  &c. 
Arms  o(  family  arc  the  property  of  individuals,  and  it  is  criminal 
in  any  persons  not  of  the  family  to  assume  them.  Arms  of 
alliance  shew  the  union  of  families  and  individuals.  Arms  of  suc- 
cession arc  taken  up  by  those  who  inherit  certain  estates, 
inanors,  &c.  either  by  will,  entail,  or  donation,  and  which  they 
impale  or  quarter  with  their  own  ;  this  multiplies  the  titles  of 
some  families  from  necessity,  and  not  from  ostentation.  Of 
assumption,  or  assumptive  arms,  arc  taken  up  by  the  caprice  or 
fancy  of  upstarts  of  mean  extraction,  who,  on  becoming  per- 
sons of  fortune,  assiunc  them  without  a  legal  title.  They  are 
also  such  as  a  man  of  his  proper  right  may  assume,  with  th« 
approbation  of  his  sovereign  and  of  the  king  of  arms. 
O  Z 
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The  parts  of  arms  are  the  escutcheon,  the  tinctures,  charjjes, 
and  ornaments.  Heralds  distinguish  nine  diflerent  points  in 
escutcheons,  in  order  to  determine  exactly  the  positions  of  the 
bearing  they  are  charged  with,  as  in  the 
figure.  A,  the  dexter  chief;  B,  precise 
middle  chief;  C,  sinister  chief;  D,  ho- 
nour point;  E,  fess  point;  F,  nombril 
point;  G,  dexter  base  ;  H,  precise  uiid- 
d  e  base  ;  I,  sinister  base. 

The  tinctures  mean  that  variable  hue 
common  both  to  the  shields  and  their 
bearings  ;  and  there  are  seven  tinctures, 
yeltow  or  gold,  expressed  by  dots,  white, 
or  argent;  red  by  perpendicular  lines: 
blueoraruj'e  by  Aoi!roH(n/ lines.  Purple, 

by  diagonal  lines  from  right  to  left ;  green,  by  the  same  from  left 
to  right;  black  by  horizontal  and  perpendicular  lines  crossing; 
and  orange  and  blood  colour  are  expressed  by  diagonal  lines 
crossing  each  other. 

The  charges  are  those  emblems  occupying  the  field  of  the 
escutcheon,  or  any  part  ofit.  All  charges  are  distinguished 
by  the  name  of  honourable  ordinaries,  sub-ordinaries,  aud  com- 
mon charges. 

Honourable  ordinaries,  the  principal  charges  in  heraldry, 
are  made  of  lines  only,  which,  according  to  their  disposition 
and  form,  receive  dilierent  names.  Sub-ordinaries  are  ancient 
heraldic  figures  frequently  used  in  coats  of  arms,  aud  which 
are  distinguished  by  terms  appropriated  to  each  of  them. 
Common  charges  are  composed  of  natural,  artificial,  and  even 
imaginary  things,  such  as  stars,  animals,  trees,  ships,  &c. 

The  ornaments  that  accompany  or  surround  escutcJieons, 
were  introduced  to  denote  the  birth,  dignity,  or  office  of  the 
person  to  whom  the  arras  appertain;  they  are  used  both  by 
clergy  and  laity.  Those  most  in  use  are  of  ten  sorts,  viz. 
crowns,  coronets,  mitres,  helmets,  mantlings,  chapeaux, 
wreaths,  crests,  scrolls,  and  supporters. 

The  crest  is  the  highest  part  of  the  ornaments  of  a  coat  of 
arms;  it  is  called  crest  from  the  Latin  word  crista,  which  sig- 
nifies a  comb,  or  tuft,  such  as  many  birds  have  upon  their 
heads,  as  the  peacock.  See.  Crests  were  anciently  marks  of 
great  honour,  because  they  were  worn  only  by  heroes  of  great 
valour  and  high  rank,  that  they  might  be  the  better  distin- 
guished in  an  engagement,  and  thereby  rally  their  men  if  dis- 
persed.    They  are  at  present  considered  as  mere  ornaments. 

The  scroll  is  an  ornament  usually  placed  below  the  shield  and 
supporters,  containing  a  motto  or  short  sentence,  alluding 
thereto,  or  to  the  bearing,  or  to  the  bearer's  name. 

It  is  not  our  object  to  dwell  on  this  article,  and  we  will 
therefore  conclude  it  by  noticing  briefly  that  the  science  of  he- 
raldry consists  in  blazoning  and  marshalling  arms.  The  wnid 
blazoning  is  borrowed  from  the  French  emhlazoner;  and  siirni- 
fies  displaying  or  explaining  the  several  emblems  and  colours 
of  an  achievment  in  proper  terms. 

The  blazoning  of  the  arms  ofgentlemen,  esquires,  knights,  and 
baronets,  is  derived  from  metals  and  colours  ;  those  of  barons, 
viscounts,  earls,  marquises,  and  dukes,  from  precious  stones; 
and  those   of  princes,  kings,  and  emperors,  from  the  planets. 

Marshalling  is  the  ordevly  disposition  of  several  coats  of 
arms,  belonging  originally  to  diflerent  families,  within  one 
shield  or  escutlieofi,  together  with  all  the  proper  armorini 
ensigns,  ornaments,  and  decorations.  We  will  in  this  place 
first  notice  the  four  great  orders  of  British  knighthood  ;  second- 
ly, we  will  explain  the  various  heraldic  terms. 

Degrees  of  Precedency ,  and  different  kinds  of  Arms. 


The  King. 

Princes  of  the  Blood. 

Archbp.  of  Canterbury. 

Lord  Hish  Chancellor. 

Archbishop  of  York. 

Lord  Treasurer. 

Lord  President  of  the  Coun- 
cil. 

Lord  Privy  Seal. 

Dukes. 

Eldest  sons  of  Dukes  of  the 
Bloid  Royal. 


Marquises. 
Eldest  sons  of  Dukes. 
Earls. 

Marquises'  eldest  sons. 
Duke's  younger  sons. 
Viscounts. 
Earl's  eldest  sons. 
Marquises'  younger  sons. 
Bishops. 
Barons. 

Speaker  of  the  House  of  Com- 
mons. 


Degrees  of  Precedencij,  and 

Lord    CommissioneL    of    the 

Great  Seal. 
Viscounts'  eldest  sons. 
Earls'  younger  sons. 
Barons  eldest  sons. 
Privy  Counsellors  not  Peers. 
Chancellor  of  the  Exchequer. 
Chancellor  of  the  Duchy. 
The  Knights  of  the  Garter  not 

Peers. 
The  Lord   Chief  Justice  of  the 

King's  Bench. 
The  Master  of  the  Rolls 
The  Lord  Chief  Justice  of  the 

Common  Pleas 
The  Lord  Chief  Baron  of  the 

Exchequer. 
Puisne  Judges  and  Barons. 
Knights  Banneret,  if  made 
in  the  field  of  battle. 


different  kinds  of  Arms 

Master  in  Chancery, 

Viscounts' jounper  sons. 

Barons'  younger  sons. 

Baronets. 

Knights  Banneret. 

Knights  of  the  Bath. 

Knights  Bachelors. 

Baronets   eldest  sons. 

Knights'  eldest  sons. 

Baronets'  younger  son». 

Knights'  younger  sons. 

Field  and  Flag  olliccrs. 

Doctors  graduate. 

Serjeants  at  Law. 

Esquires. 

Gentlemen. 

Yeomen. 

Tradesmen. 

Artificers. 

Labourers. 


The  ladies,  except  those  of  Archbishops,  bishops,  and 
judges,  take  place  according  to  the  quality  of  their  husbands, 
and  unmarried  ladies  take  place  according  to  that  of  their 
fathers. 

HERB,  in  Botany,  is  that  part  of  the  plant  which  rises  from 
the  root,  and  is  terminated  by  the  fructification.  It  compre- 
hends the  trunk  and  stem  ;  the  leaves  ;  the  fulcra,  or  supports ; 
and  the  buds,  or,  as  they  are  sometimes  denominated,  the  winter 
quarters  of  the  future  vegetable. 

HERBACEOUS  Plants,  in  Botany,  are  those  which  have 
succulent  stems  that  die  down  to  the  ground  e\ery  year. 

HERCULES,  Cerberus,  and  the  Apple  Branch.  This  con- 
stellation serves  to  perpetuate  the  memory  of  Hercules,  the 
Theban,  son  of  Amphitryon  and  Alcmeue,  famous  in  ancient 
times  by  his  wisdom,  his  heroic  labours,  and  his  extraordi- 
nary strength.  Hevelius  placed  Cerberus,  or  the  Serpent  with 
three  heads,  by  the  side  of  Hercules.  If  Cerberus  be  consi- 
dered allegorically  as  the  symbol  of  the  earth,  or  more  pro- 
perly of  all-devouring  time,  his  three  mouths  will  represent  the 
present,  past,  and  future.  The  victory  which  Hercules  ob- 
tained over  this  monster  is  thought  to  denote  the  conquest 
this  hero  acquired  over  his  passions.  Dr.  Bryant  derives  this 
name  from  Kir  Abor,  "  the  place  of  light,"  and  the  temple  of  the 
sun  was  called  Tor-Caph-EI.  which  was  changed  to  rpt/cij^aXof, 
and  hence  Cerberus  (ori5;iually  the  name  of  a  place)  was  sup- 
posed to  have  three  heads. 

Boundaries  and  Contints.  —  >-D  the  N.  by  Draco,  E.  by  Lyra 
S.  by  Serpentarius,  and  W.  ny  Serpens  and  Corona  Borealis. 
There  are  113  stars  in  this  constellation,  of  which  seven  are  oi 
the  yd  magnitude,  seventeen  of  the  4th,  Sec.  Has  Algolhi,  of 
the  3d  magnitude,  is  situated  in  the  forehead,  over  the  right 
eye.  Ras  Algothi,  the  principal  star  in  this  constellation, 
having  256'  30'  32"  right-ascension,  and  14»  36'  17"  of  N.  dec, 
appears  on  the  N.  E.  by  E  f  E.  point  of  the  horizon,  and  rises 
and  culminates,  at  London,  as  in  the  following  Table :  Merid. 
Alt.  53°  5'  17  '  N. 


ONTH. 

Rises. 

Culm. 

Month. 

RlSF.9. 

Culm. 

ho.  inu 

ho.  mi. 

ho.  mi. 

ho.  mi. 

Jan. 

■A     0  M. 

10  20  M. 

July 

3  14  A. 

10  28    A. 

Feb. 

12  50  M. 

8     0  M. 

Aof. 

1     ti  A. 

8  30   A. 

Mar. 

11     2   A. 

C   10  M. 

Sept. 

11      0  M. 

6  30   A. 

April 

9     5   A. 

4   15  M. 

Oct. 

9  10  M. 

4  40   A. 

May 

7   15   A. 

2  30  M. 

Nov. 

7    15  M. 

2  45   A. 

Juue 

5   15   A. 

12  30   A. 

Dec. 

5   10  M. 

12  37   A. 

HEREDITAMENTS,  such  things  immoveable,  whether  cor 
poreal  or  incorporeal,  as  a  man  may  leave  to  his  heirs,  byway 
of  inheritance  ;  or  which,  not  being  otherwise  devised,  natarally 
descend.  Corporeal  hereditaments  consist  wholly  of  substan- 
tial and  permanent  objects,  all  of  which  may  be  comprehended 
under  the  general  <lenomination  of  land  only  ;  incorporeal 
hereditaments  are  not  the  objects  of  sensation,  are  creatures 
of  the  mind,  and  exist  only  in  contemplation.  They  are  prin 
cipally  of  ten  sorts,  viz.  advowsons,  tithes,  commons,  ways 
olliccs,  dignities,  franchises,  presents,  and  rents. 
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HERMAPHRODITE,  a  term  formerly  applied  exclusively 
to  signify  a  human  creature  possessed  of  both  sexes.  Tlie 
term  is  now  applied  to  otber  animals,  and  to  plants.  It  is 
now  well  known  there  is  no  such  Ihin^'  as  an  hermaphrodite  in 
the  human  species.  In  most  species  of  animals,  the  produc- 
tion of  heriuapluodites  appears  to  be  the  eticct  of  chance,  but 
in  the  black  cattle  it  seems  to  be  an  established  principle  of 
their  propaj^ation.  It  is  a  well  known  fact,  and,  as  fur  as  has 
yet  been  discovered,  appears  to  be  universal,  that  when  a  cow 
brings  forth  two  calves,  one  of  them  a  bull,  and  the  other  a 
cow  to  appearance,  the  cow  is  unfit  for  propagation,  but  the 
bull-calf  becomes  a  very  proper  bull.  They  are  known  not  to 
breed;  they  do  not  shew  the  least  inclination  for  the  bull,  nor 
docs  the  bull  ever  take  the  least  notice  of  them.  Among  the 
country  people  in  England,  this  kind  of  calf  is  called  a  free- 
martin  ;  and  this  singularity  is  just  as  well  known  among  the 
farmers  as  eitlicr  cow  or  bull.  When  they  are  preserved,  it  is 
for  the  purpose  of  an  ox,  or  spayed  heiftr,  viz.  to  yoke  viitii  the 
oxen,  or  fatten  for  the  table.  They  are  much  larger  than  ciUier 
the  bull  or  the  cow,  and  the  horns  grow  longer  and  bigger, 
being  very  similar  to  those  of  an  ox.  The  bellow  of  a  free- 
martin  is  also  similar  to  that  of  the  ox,  and  the  meat  is  similar 
to  that  of  the  ox  or  spayed  heifer,  viz.  much  finer  in  the  lihre 
than  either  the  bull  or  cow,  and  they  aic  more  susceptible  of 
growing  fat  with  good  food. 

Among  the  reptile  tribe,  indeed,  such  as  worms,  snails, 
leeches,  &c.  hermaphrodites  are  frequent.  In  the  memoirs  of 
the  French  Academy,  we  have  an  account  of  this  very  extraor- 
dinary kind  of  hermaplirodites,  which  not  only  li.vc  both  sexes, 
but  do  the  office  of  both  at  the  same  time.  Such  are  earth- 
worms, round-tailed  worms  found  in  the  intestines  of  men  and 
horses,  land-snails,  and  those  of  fresh  waters,  and  all  the  sorts 
of  leeches.  And  as  all  these  are  reptiles,  and  without  bones, 
ii  is  inferred,  that  all  other  insects  which  have  two  characters, 
are  also  herraaphroilites.  Tlie  method  of  coupling  practised 
in  this  class  of  hermaphrodites  may  be  illustrated  in  the 
instance  of  earth-worms.  These  little  creatures  creep,  two  by 
two,  out  of  holes  proper  to  receive  tlum,  where  they  dispose 
their  bodies  in  such  a  manner,  as  that  the  head  of  the  one  is 
turned  to  the  tail  of  the  other.  Being  thus  stretched  length- 
wise, a  little  conical  button,  or  papilla,  is  thrust  forth  by  each, 
and  received  into  an  aperture  of  tlie  other;  these  animals 
being  male  in  one  part  of  the  body,  and  female  in  another. 

Among  the  insects  of  the  soft  or  boneless  kind,  there  are 
great  numbers  indeed  which  are  so  far  from  being  herma- 
phrodites, that  they  are  of  uo  sex  at  all.  Of  this  kind  are  all 
the  caterpillars,  maggots,  and  worms,  produced  of  the  eggs  of 
flies  of  all  kinds.  But  the  reason  of  this  is  plain;  these  are 
not  animals  in  a  perfect  state,  but  disguises  under  which 
animals  lurk.  They  have  no  business  with  the  propagating  of 
their  species,  but  are  to  be  transformed  into  animals  of  another 
kind,  by  the  putting  olf  their  several  coveiings;  and  then  only 
they  are  in  their  perfect  state,  and  therefore,  then  only  shew 
the  differences  of  sex,  which  are  always  in  the  distinct  ani- 
mals, each  being  only  male  or  female.  These  copulate,  and 
their  eggs  produce  those  creatures  which  shew  no  sex  till  the) 
arrive  at  that  perfect  state  again. —  Wuthin  s  Cyctopcrdia. 

Hi;rmai'Hkodi TE  Flowers,  in  Botany,  arc  so  called  on  ac- 
count of  their  containing  both  the  antlierie  and  stigma,  the 
supposed  organs  of  generation,  within  the  same  calyx  and 
petals.  Of  this  kind  are  the  ilowers  of  all  the  classes  in  Lin- 
neeus's  method,  except  the  classes  moncjecia  and  dicccia. 

HEUMETICAL  Philosophy,  is  that  which  professes  to 
explain  all  the  phenomena  of  nature,  from  the  three  chemical 
principles  of  salt,  sulphur,  and  mercury. 

HicRMETicAL  Setiliiig,  is  used  to  denote  a  peculiar  manner  of 
stopping  or  closing  glass  vessels  for  chemical  and  other  opera- 
tions, so  that  not  the  rarest  medium  can  either  escape  or  enter. 
This  is  usually  done  by  heating  the  neck  of  the  vessel  in  the 
flame  of  a  lamp  with  a  blow-pipe,  till  it  be  ready  to  melt,  and 
then  with  a  pair  of  hot  pincers  twisting  it  close  together. 

HERSCHEL,  the  name  frequently  given  to  the  new  planet 
discovered  by  Dr.  Hersehel ;  it  is  otherwise  called  the  (Jcor- 
gian,  or  Georgium  Sidus,  but  now  more  commonly  Uranus. 
Sir  William  Hersehel,  a  very  celebrated  astronomer,  who  was 
originally  a  musician  in  a  marching  regiment,  but  by  his  genius 


and  industry,  raised  himself  to  the  honoar  of  knighthood,  and 
a  name  that  will  live  whilst  astronomical  science  shall  be  cul- 
tivated. This  great  observer  and  ingenious  optician  lived  to  a 
good  old  age,  many  jeais  of  which  he  passed  it  Slough,  in 
the  neighbourhood  of  Wiud.ior,  where  the  principal  part  of  his 
observations  on  the  heavens  were  made. 

HESSE,  William,  Pkinck  of,  one  of  the  greatest  pro- 
moters and  encouragers  of  the  sciences  in  the  sixteenth  cen- 
tury. He  erected  an  observatory  at  Cassel,  and  furnished  !♦ 
with  excellent  instruments  for  the  purpose  of  observing  the 
celestial  motions  ;  having  calleil  to  his  assistance  Christopher 
Rothmann  and  Juste  Byrgs:  these  observations  were  pub- 
lished by  Wellebrord  Snell  at  Leydeu,  in  1018,  and  are  of  a 
very  curious  nature  ;  they  are  also  mentioned  by  Tjcho  Brahe, 
in  the  second  volume  of  bis  "  Progymnasmata."  This  prince 
died  in  1597. 

HETEROGENEOUS,  literally  imports  something  of  a 
different  kind,  in  opposition  to  homogeneous. 

Hi^Tt^itoGENEous  Bodies,  are  bodies  of  uoeqaal  density  and 
composition. 

Hkti^roceneous  Light,  that  which  consists  of  rays  of  differ- 
ent degrees  of  rcfrangibility. 

Heterogeneous  Kumbeis,  consisting  of  integers  and  frac- 
tions. 

Heteroceneoi's  Quanlilies,  are  those  which  admit  of  no 
comparison  as  to  greater  or  less.  Thus,  a  surface  and  a  solii' 
are  heterogeneous  quantities,  because  we  can  in  no  way  make 
comparison  between  them,  or  say  that  a  surface,  however  large, 
is  greater  than  a  solid,  however  small.  In  this  respect  it  has 
been  said,  that  momentum  and  pressure  are  betcrogencoua 
quantities. 

HaTEROGENEOUS  Sufds,  are  such  as  have  difl'erent  radical 
signs,  as  \/aa,     '/bb,    i/9   ^yl8,  &c.   See  Surd. 

ITETEROSCII,  in  Geography,  are  such  inhabitants  of  the 
earth  as  have  their  shadows  at  noon  projected  always  the 
same  way  with  regard  to  themselves,  or  always  contrary  ways 
with  respect  to  each  other.  Thus,  all  the  inhabitants  without 
the  torrid  zone  are  heteroscii,  with  regard  to  themselves,  since 
any  one  such  inhabitant  has  his  shadow  at  noon  always  the 
same  way  ;  viz.  always  north  of  him  in  north  latitude,  and 
always  south  of  him  in  south  latitude. 

IlEXACHORl),  in  ancient  Music,  a  concord  called  by  the 
moderns  a  Sixth. 

HEXAEDKON,  or  Hexahedron,  one  of  the  five  regular  or 
platonic  bodies,  so  called  from  its  having  six  faces.  The 
s(|uare  of  the  side  or  edge  of  a  hexahedron,  is  one-third  of  the 
S(iuare  of  tlie  diameter  of  the  circumscribing  sphere  :  and 
hence  the  diameter  of  a  sphere  is  to  the  side  of  its  inscribed 

hexahedron,  as  V^  l"  •• 

HEXAGON,  iu  Fortification,  a  place  defended  by  six 
bastions. 

HEXAMETER,  in  ancient  Poetry,  a  kind  of  verse  consist- 
ing of  six  feet;  the  first  four  of  uhich  may  be  indifferently 
either  spondees  or  dactyls  ;  the  fifth  is  generally  a  dactyl,  and 
the  sixth  always  a  spondee.  Such  is  the  following  verse  of 
Horace  : 

1  2  3  4         5        6 

Aiit  pro\dissi  v6\liint,  aui\d'cli:c\tari  piVctai. 
Sometime.^,  indeed,   a  spondee   constitutes   the   fifth    foot  ; 
whence  such  hexameter  verses  are  called  spondaic  ;  as  in  thi^ 
of  Virgil  :— 

1  2  3  4  .5  6 

Card  Dc\um  s'M\lcS  ■ma\gnum  J8rVs'   \ncri\mintum 

Epic  poems,  as  the  Iliad,  .-Eneid,  &c.  consist  wholly  of  hexa- 
meter verses  ;  whereas  elegies  and  epistles  consist  usually  of 
hexameter  and  pentameter  verses  alternately. 

HIATUS,  properly  signifies  an  opening,  chasm,  or  gap  ;  but 
it  is  particularly  applied  (o  those  verses,  where  one  word  ends 
with  a  vowel,  and  the  following  word  begins  with  one,  and 
thereby  occasion  the  mouth  to  lie  more  opened,  and  the  sound 
to  be  very  harsh.  The  term  Hitilus  is  also  used  in  speaking  of 
manuscripts,  to  denote  their  defects,  or  the  parts  flat  have 
been  lost  or  effaced. 
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HIDES,  the  skins  of  beasts  ;  but  is  particularly  applied  to 
those  of  lar^e  cattle,  as  bullocks,  cows,  buUaloes,  horses,  &c. 
Raw  or  g;reeu  hide,  is  that  which  has  not  undergone  any  pre- 
paration. There  are  also  hides  dried  in  the  hair.  Salted  hide, 
is  a  green  hide  seasoned  with  sea  salt  and  alum  or  saltpetre, 
to  prevent  its  corruption.     See  Ci'rrying  and  Tanning. 

Hide  of  Limd,  was  such  a  quantity  of  land  as  might  be 
plou<;hed  with  one  plough  within  the  compass  of  a  year. 

HIERARCHY,  the  subordination  of  the  clergy,  ecclesiasti- 
cal polity,  or  the  constitution  of  the  Christian  church  consi- 
dered as  a  society. 

HIEROGLYPHICS,  in  antiquity,  mystical  characters  or 
symbols,  in  use  among  the  Egyptians,  and  that  as  well  in  their 
writings  as  inscriptions  ;  being  the  figures  of  various  animals, 
the  parts  of  human  bodies,  and  mechanical  instruments.  The 
meaning  of  a  few  of  these  hieroglyphics  has  been  preserved. 
They  represented  the  Supreme  Deity  by  a  serpent,  with  the 
head  of  a  hawk.  The  hawk  itself  was  the  hieroglyphic  of 
Osiris;  the  river-horse,  of  Typhon  ;  the  dog,  of  Mercury  ;  the 
cat,  of  the  Moon  or  Diana  ;  the  beetle,  of  a  courageous  war- 
rior. To  decipher  the  more  ancient  hieroglyphics  has  hitherto 
baflled  the  ingenuity  of  the  learned,  but  by  a  comparison  of 
inscriptions  which  have  been  written  in  Greek,  the  hitrogl\  phic 
characters  used  for  letters  in  writing  proper  names  have  been 
fully  ascertained  ;  and  hence  many  inscriptions  which  were  not 
accompanied  by  a  corresponding  Greek  inscription,  have  been 
deciphered.  In  every  other  respect,  the  subject  is  in  as  much 
obscurity  as  ever. 

HIGH  Water,  that  state  of  the  tides  when  they  have  flowed 
to  the  greatest  height,  in  which  state  they  remain  nearly  sta- 
tionary for  about  15  or  20  minutes,  when  the  water  begins 
again  to  ebb.  The  time  of  high  water  is  always  nearly  the 
same  in  the  same  place  at  the  full  of  the  moon,  and  at  all 
other  times  the  time  of  high  water  depends  upon  the  age  of  the 
moon.  The  rule  for  finding  which,  the  age  of  the  moon  being 
given,  is  as  follows,  viz.  Add  t  of  the  days  of  the  moon's  age, 
as  so  many  hours,  to  the  time  of  high  water  at  the  full  of  the 
moon,  and  the  sum  is  the  time  of  high  water,  answering  to  that 
day  nearly.  The  time  of  high  water  at  London,  on  the  day  of 
the  full  moon,  is  three  o'clock  in  the  afternoon. 

HIGHWAY,  a  public  passage  for  the  king's  people,  whence 
it  is  called  the  king's  highway.  There  are  three  kinds  of  ways, 
a  footway,  a  pack  and  prime  way,  which  is  both  a  horse  and 
foot  way,  and  a  cart  way,  which  contains  the  other  two.  A 
river,  common  to  all  men,  may  also  be  called  the  king's  high- 
way ;  and  nuisances  in  any  sucli  ways  are  punishable  by 
indictment.  If  passengers  have  used,  time  out  of  mind,  where 
the  roads  are  bad,  to  go  by  outlets  on  the  land  adjoining  to  an 
highway  in  an  open  field,  such  outlets  are  parcels  of  the  high- 
way ;  and  therefore,  it  lliey  are  sown  with  corn,  and  the  track 
is  found  and  can  be  trodden,  the  king's  subjects  may  go  upon 
the  corn.     See  Road. 

Repairing  Highways. —  By  the  common  law,  the  general 
charge  of  repairing  all  highways  lies  on  the  occupiers  of  the 
lands  in  the  parish  wherein  tt-ey  are.  But  it  is  said  that  the 
tenants  of  the  lands  adjoining  are  bound  to  scour  their  ditches. 
Particular  persons  may  be  burdened  with  the  general  charge 
of  repairing  an  highway,  in  two  cases  ;  in  respect  of  an  enclo- 
sure, or  by  prescription  ;  but  the  parish  cannot  take  advantage 
of  this  on  the  general  issue,  but  must  plead  it  specially.  At 
common  law,  it  is  said,  that  all  the  county  ought  to  make  good 
the  reparations  of  an  highway,  «  here  no  particular  persons  are 
bound  to  do  it.  By  the  ancient  common  law,  villages  arc  to 
repair  their  highways,  and  may  be  punished  for  their  decay  ; 
and  if  any  do  injury  to,  or  straighten  the  highway,  he  is 
punishable  in  the  King's  Bench,  or  before  the  justices  of  peace 
in  the  court-leet,  &c.  Destroying  any  public  turnpike-gate,  or 
the  rails  or  fences  thereto  belonging,  subjects  the  offender  to 
bard  laboiii,  or  transportation  for  seven  years. 

Every  justice  of  the  peace,  by  the  statute,  upon  his  own  view, 
on  on  oath  made  to  him  by  the  surveyor,  maj  make  present- 
ments of  roads  being  out  of  repair;  and  thereupon,  like  pro- 
cess shall  be  issued  as  upon  indictment. 

HIN,  a  Hebrew  measure  of  capacity  for  things  liquid  con- 
taining the  si.xth  part  of  an  epha,  or  one  gallon  two  pints, 
Eughsh  measure. 


HIND,  a  female  stag  in  the  Ihiid  year  of  its  age.  See 
Cervus. 

HINGES,  the  joints  on  which  gates,  doors,  lids,  folds  of 
tables,  &c.  hang  and  turn  in  opening,  shutting,  and  folding. 

HIP  Roof,  among  carpenters,  called  also  Italian  Roof,  is  a 
roof  which  has  neither  gable-head,  sihread-head,  nor  jerken- 
head,  (by  which  is  meant  such  heads  as  are  both  gable  and  hip 
at  the  same  end  ;)  for  it  is  a  gable  or  upright,  as  high  as  the 
collar  beam,  and  then  there  are  two  short  hips,  which  shut  up 
with  their  tops  to  the  tops  of  a  pair  of  rafters,  which  country 
carpenters  call  singlars.  A  hip-roof  has  rafters  as  long,  anil 
with  the  angle  of  the  foot,  &c.  at  the  ends  of  buildings,  as  it 
has  at  the  sides  ;  and  the  feet  of  the  rafters,  at  the  end  of  such 
buildings  as  have  hip-roofs,  stand  on  the  same  plane,  viz. 
parallel  with  the  horizon,  and  at  the  same  height  from  the 
foundation,  with  rafters  on  the  sides  of  the  roof. 

HIPPOCR.ATES,  of  Chios,  a  celebrated  mathematician  of 
antiquity,  who  flourished  about  4o0  years  before  Christ,  and  to 
whom  we  are  indebted  for  the  curious  properly  of  the  lunes. 
which  bear  his  name,  and  which  were  the  first  curvilinear 
spaces  whose  quadrature  was  precisely  determined.  See  LuNts. 

Hippocrates  was  originally  a  merchant,  and  is  represented  as 
having  been  a  man  of  extreme  simplicity,  and  very  negligent  of 
his  own  aflairs,  whereby  he  was  nearly  ruined.  This  circum- 
stance brought  liira  to  Athens  to  arrange  his  concerns,  and  here 
it  seems  that,  by  chance,  he  first  acquired  some  knowledge  of 
geometry,  which  he  afterwards  prosecuted  with  the  greatest 
success,  and  taught  it  in  the  school  of  Pythagoras,  from  which, 
however,  it  is  said  he  was  afterwards  expunged  for  having 
received  money  for  his  instruction. 

HIPPOPOt.VMUS,  in  Natural  History,  a  genus  of  mamma- 
lia, of  the  order  belluae.  This  animal  is  supposed  to  be  the  bche. 
moth  described  in  the  book  of  Job.  When  full-grown,  they  are 
from  11  to  12  feet  in  length.  Mr.  Bruce  reports,  that  thev  are 
occasionally  found  even  of  the  length  of  twenty  feet.  Their 
form  is  aw  kw  ard  :  the  head  astonishingly  large,  and  the  body 
extremely  fat  and  round ;  the  legs  are  very  short  and  thick, 
and  the  teeth  of  vast  strength  and  size.  The  whole  animal  is 
covered  with  short  hair  ;  its  skin  is  so  tough,  as  in  some  parts 
to  resist  a  bullet;  and  its  colour,  when  dry,  is  an  obscure 
brown.  It  inhabits  the  warmer  latitudes,  and  is  to  be  found 
chiefly  in  the  interior  of  Africa,  in  the  largest  rivers,  in  which 
it  ranges  at  the  bottom,  sometimes  reaching  the  surface  for  the 
purpose  of  respiration.  By  night  it  quits  the  water  to  feed, 
and  devours  a  vast  quantity  of  grass,  and  the  tender  branches 
of  trees.  Its  disposition  has  nothing  in  it  sanguinary  or  fero- 
cious ;  it  never  attacks  other  animals.  It  frequently  commits 
great  depredations  on  the  plantations  of  corn  or  sugar  which 
are  within  the  reach  of  its  nocturnal  progresses,  and  by  destroy- 
ing with  its  vast  teeth  the  roots  of  trees.  Its  motion  on  land  is 
inelegant  and  slow  ;  yet  if  surprised  and  pursued,  it  runs  with 
great  speed  till  it  reaches  the  water,  into  Aviiich  it  instantly 
plunges  ;  and  though  it  is  able  to  sw  im  w  ith  great  rapidity,  its 
progress  in  the  water  is  at  the  bottom  by  walking.  If  wounded 
in  the  water,  it  sometimes  is  highly  infuriated,  and  has  been 
known  to  attack  the  boats  or  canoes,  which  it  supposed  to  con- 
tain its  enemy,  and  overturn  them  by  its  vast  strength,  or  sink 
them  by  making  a  large  hole  in  them  with  its  teeth.  It  pro- 
duces but  one  at  a  birth,  gcnerall)  in  the  little  rushy  isles  of  the 
rivers  which  it  frequents,  and  in  these  islets  it  generally 
sleeps.  When  taken  young,  it  is  capable  of  being  tamed. 
These  animals  are  sometimes  seen  in  considerable  numbers, 
ranging  for  several  miles  beyond  the  banks  of  their  rivers. 
They  are  valued  by  the  natives  of  Afiica  for  food,  and  the  fat 
which  it  supplies  is  supposed  to  be  equal  to  that  of  the  hog. 
The  feet  are  highly  gelatinous,  and  regarded  as  a  particular 
delicacy.  With  their  skins  the  warriors  of  .Vfrica  are  furnish- 
ed with  shields  and  bucklers.  Their  tusks  are  whiter  than 
those  of  the  elephant,  and  retaining  their  original  clearness  and 
beauty,  are  preferred  by  dentists  for  artificial  teeth  to  every 
other  substance. 

HIRE,  Philip  de  la,  an  eminent  French  mathematician 
and  astronomer,  was  born  at  Paris  in  1G40.  De  la  Hire  was 
employed  with  Picard  in  making  the  necessary  observations 
for  constructing  a  new  and  accurate  map  of  France,  a  task 
which  he  cxecutedwith  the  greatest  ability,  at  the  same   time 
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making  other  observations  on  the  height  of  mountains,  the 
variation  of  the  magnetic  needle,  &c. 

HIRUIJO.  the  Leech,  a  genus  of  the  vermes  intestina  class 
and  order.  The  body  moves  either  forward  or  backward.  There 
are  seventeen  species,  principally  distinguished  by  their  colour. 
The  most  remarkable  is  the  medicinal  leech,  which  grows  to  the 
length  of  two  or  three  inches.  The  body  is  of  a  blackish  brown 
colour,  marked  on  the  back  with  six  yellow  spots,  and  edged 
with  a  yellow  line  on  each  side;  but  both  the  spots  and  the 
lines  grow  faint,  and  almost  disappear  at  some  seasons.  Tlie 
head  is  .smaller  than  the  tail,  which  fixes  itself  very  firmly  to 
any  thing  the  creature  pleases.  It  is  viviparous,  and  produces 
but  one  young  at  a  time,  which  is  in  the  month  of  July.  It  is 
an  inhabitant  of  clear  running  waters,  and  is  well  known  for  its 
use  in  bleeding.  The  mouth  oflhe  leech  is  armed  with  a  sharp 
instrument,  that  makes  three  wounds  at  once,  and  may  be  com- 
pared to  the  body  of  the  pump,  and  the  tongue  or  Meshy  nipple 
to  the  sucker;  by  the  working  of  this  piece  of  meclianism  the 
blood  is  made  to  rise  up  to  the  conduit  which  conveys  it  to  the 
animal's  stomach,  which  is  a  nieniliranaceous  skin,  divided  into 
twenly-four  cells.  The  bloml  wliich  is  sucked  out  is  there 
preserved  for  several  months,  almost  without  coagulating,  and 
proves  a  store  of  provision  to  tlie  animal.  It  is  used  in  medi- 
cine, being  applied  to  the  skin  in  order  to  draw  olf  blood. 
With  this  view  they  are  employed  to  phlebotomize  young  clul- 
dren.  If  the  leech  does  not  fasten,  a  drop  of  sugared  milk  is 
put  on  the  spot  it  is  wished  to  fix  on,  or  a  little  blood  is  drawn 
by  means  of  a  slight  puncture,  after  which  it  immediately  set- 
tles. The  leech,  when  fixed,  should  be  watched,  lest  it  should 
find  its  way  into  the  anu5  when  used  for  the  hemorrhoids,  or 
penetrate  into  the  oesophagus,  if  employed  to  draw  the  gums. 
In  such  a  case,  the  best  and  quickest  remedy  is  to  swallow 
some  salt ;  which  is  the  method  practised  to  make  it  louse  its 
hold  when  it  sucks  longer  than  it  was  intended. 

H.  sanguisuga,  horse  leech  :  is  elongated,  olive-brown,  with 
on  ochre-yellow  marginal  band  ;  found  in  stagnant  waters, 
ditches,  and  ponds;  from  four  to  six  inches  long:  body  above 
dull  olive  black,  with  an  ochre  margin  on  each  side;  bciualh 
paler,  with  sometimes  a  few  black  spots:  tail  thicker  than  the 
head.  This  species  sucks  blood  with  great  avidity,  and  in 
large  (luantities. 

HIRUNDO,theiS'i««/fow;,  in  Natural  History,  agenus  of  birds 
of  the  order  passeres.  These  live  almost  perpetually  in  the 
air,  and  perform  in  it  every  act  of  their  nature.  They  subsist 
upon  the  insects  with  which  that  element  abounds,  and  which 
they  catch  on  the  wing  with  admirable  dexterity  ;  and  for 
this  purpose  they  are  furnished  with  a  most  extra()r<IiMary 
power  of  distending  their  jaws.  The  service  they  perform  lo 
man  by  their  incessant  assiduity  in  this  work  of  destruction  is 
not  lightly  to  be  appreciated,  and  those  who  observe  the  crowd- 
ed population  of  the  atmosphere  through  the  beams  of  a  sum- 
mer evening,  will  easily  be  led  to  believe  that,  but  for  the  in- 
terception of  incalculable  myriads  of  insects  by  these  birds, 
the  annoyance  of  man  by  these  minute  animals  would  be  highly 
distressing,  and  perhaps  almost  intolerable.  Various  opinions 
have  been  formed  of  the  state  in  which  they  exist  during  the 
time  of  their  disappearance:  some  imagining  them  to  lie  torpid 
in  the  banks  of  rivers,  or  in  decayed  trees,  or  in  ruined  editices 
or  vaults:  and  others,  that  they  retire  for  the  winter  from  the 
air  to  the  water,  lying  in  immense  clusters,  like  swarms  of  bees 
at  the  bottoms  of  rivers.  Particular  facts  arc  on  record,  by 
respectable  testimony,  in  favour  of  both  these  hypotheses.  It 
is  also  attested,  on  similar  authority,  that  migrations  of  these 
birds  actually  take  place,  and  that  they  quit  this  country 
towards  winter,  for  one  where  they  may  enjoy  a  milder  climate, 
and  more  plentiful  food.  They  are  to  be  met  with  in  every 
country  of  the  world,  and  in  all,  or  nearly  so,  are  found  to  be 
migratory.     There  arc  thirty-seven  species. 

The  house  swallow,  appears  in  March  in  this  country,  and 
leaves  it  in  September.  It  generally  builds  in  chimnejs,  or 
under  the  caves  of  houses,  and  will  return,  unless  interrupted, 
to  its  original  haunt  for  a  number  of  years.  These  birds 
breed  twice  a  year.  They  are  easily  rendered  familiar  ;  and 
it  has  been  calculated  that  a  single  swallow  will  devour  from 
seven  hundred  to  a  thousand  files  in  one  day. 
The  martin  arrives  in  this  country  rather  later  than  the  swal- 
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low,  and  remains  longer.  It  builds  often  in  the  crags  of  rocks 
near  the  sea  ;  often  under  the  eaves  and  cornices  of  houses.  As 
soon  as  the  young  are  able  to  fiy,  they  are  lea  oy  the  old  birds 
upon  the  wing,  by  a  process  so  rapid  and  instantaneous,  as 
almost  to  be  deemed  incredible  by  those  who  have  not  actually 
witnessed  it.  Uefore  their  departure,  they  collect  in  immense 
Hocks  in  the  small  islands  of  the  Thames,  where  they  roost, 
and  in  their  fiiglits  about  which  they  almost  obscure  by  their 
nund>ers  the  face  of  the  sky. 

The  swift  arrives  later  and  quits  sooner  than  any  other  spe- 
cies, and  is  also  larger  and  stronger.  It  builds  in  elevated 
situations,  particularly  about  churclies  and  steeples.  .\s  these 
birds  catch  at  almost  every  thing  in  the  air,  they  are  taken 
sometimes  by  a  cock-chiitler  or  other  insects  lied  to  a  thread. 
They  retire  during  the  heat  of  the  day,  but  in  the  morning 
and  evening  are  incessantly  on  the  wing,  t.iking  higher  and 
bolder  fiights  than  the  swallows,  and  always  keeping  separate 
from  them.     They  leave  this  island  in  August. 

The  Chinese  swallow,  is  said  to  be  less  than  the  wren  by 
some  authors,  while  others  attribute  to  it  the  size  of  the  martin. 
This  bird  is  principally  remarked  for  its  nest,  which  is  regard- 
ed as  one  of  the  greatest  luxuries  on  which  the  epicure  cau 
bani|uet. 

HisTORY,  is  a  connected  recital  of  past  or  present  events. 
It  is  the  ofiice  of  the  historian  to  trace  the  progress  of  man 
from  the  savage  state  and  ihrouEh  the  intermediate  degrees  of 
civilization,  to  the  neaicst  approach  to  perfection  of  which 
social  institutions  are  capable.  It  falls  within  his  province  to 
note  the  effects  of  laws  and  political  regulations,  and  to  record 
the  revolutions  which  have  been  proiluced  in  stales  by  exter- 
nal violence,  or  the  gradual  corruption  of  ancient  systems  of 
government.  The  record  of  past  transactions,  when  diligently 
and  minutely  examined,  will  present  to  the  politician  matter 
of  warning  and  of  instruction,  and,  in  a  mural  point  of  view,  his- 
tory is  extremely  useful,  as  it  points  out  the  issues  of  things, 
and  exhibits,  as  its  general  result,  the  reprobation  consequent 
upon  vice,  and  the  glory  which  awaits  virtue. 

The  student  of  history  must  make  himself  master  of  the  de- 
tails of  geography,  the  principles  of  statistical  calculations,  and 
the  minutiae  of  chonological  researches.  He  ought  likewise 
to  be  animated  by  a  spirit  of  philosophical  inquiry,  that  he  may 
distinguish  truth  from  falsehood,  and  be  able  to  deduce  useful 
ecmseqnences  from  the  facts  passing  in  review  before  him,  in 
the  obscure  records  of  former  times,  or  amidst  the  misrepre- 
sentations of  factious  malignity.  He  must  have  a  minute 
knowledge  of  the  human  heart,  and  give  due  weight  to  circum- 
stances and  situations.  Let  him  not  direct  his  chief  attention 
to  the  frivolous  anecdotes  of  a  court,  but  to  the  ciicumslances 
which  stamp  the  character  and  decide  the  destiny  of  a  iiatiou. 

HIVK.     .SVe  Bki;. 

HUD,  an  instttiment  used  to  carry  bricks  and  mortar  in  up 
ladders. 

HOE,  in  country  affairs,  a  tool  made  like  a  cooper's  adze,  to 
cut  upwards,  in  gardens,  fields,  i^c. 

HOKK  Day,  the  Tuesday  after  liaster  week,  whiih  was  the 
day  on  whi<di  the  English  conquered  and  expelled  the  Danes; 
this  was  therefore  kept  as  a  day  of  rejoicing,  and  a  duty,  called 
Hoke  Tuesday  money,  was  paid  to  the  landlord,  for  giving  his 
tenants  and  bondmen  leave  to  celebrate  it., 

HOLCUS,  Iiiiliun  Mullil,  or  Corn,  a  genus  of  the  polygamia 
monacia  class  and  order  of  |)lants.  Natural  order  of  grasses. 
Essential  character :  hermaphrodite,  calyx  glume,  one  or  two 
flowered;  corolla  glume,  nwned  ;  stamina  three;  styles  two; 
seed  one  ;  male,  calyx  glume,  two-valvcd  ;  corolla  none  ;  sta- 
mina three.     There  are  15  species. 

HOLD,  the  whole  interior  cavity  or  Ijilly  of  a  ship,  or  all 
that  part  of  her  inside  which  is  comprehended  between  the 
floor  and  the  lower  deck,  throughout  lier  length.  This  capa- 
cious apartment  usually  contains  the  ballast,  provisions,  and 
stores  of  a  ship  of  war,  and  the  principal  part  of  the  cargo  in 
a  merchantman  ;  in  the  former  it  is  divided  into  several  apart- 
ments (by  bulk-heads)  which  are  denoniinaled  according  to  the 
articles  which  they  contain,  as,  the  lish-room,  the  spirit-room, 
the  magazine,  the  bread  room,  &c.     Sie  the  article  Srowiui;. 

The  after  Hold,  is  that  which  lies  abaft  the  main  mast,  and  is 
usually  set  apart  for  the  stowage  of  the  provisions  in  ships  of  war. 
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The  fare  Hold,  denotes  that  part  of  the  hold  which  is  situ- 
ated ill  the  fore  part  of  the  sliip,  or  about  the  fore  hatoliway. 
It  is  usually  in  continuation  with  the  uiaiu-hold,  and  serves  the 
same  purposes. 

The  wi«i«-HoLD,  that  part  wliich  is  just  before  the  main-mast, 
(ind  wliich  generally  contains  the  fresh  water  and  beer  for  the 
use  of  the  ship's  company. 

Hold  Fast,  a  large  piece  of  iron,  in  the  shape  of  the  letter  S, 
fixed  into  the  wall  to  strengthen  it.  Also  a  tool  used  by 
joiners,  carvers,  tiC.  which  goes  through  their  benches  to  hold 
fast  work  that  cannot  be  finished  in  the  hand. 

HOLLAND,  a  fine  and  close  kind  of  linen,  so  called  from  its 
being  first  manufactured  in  Holland. 

HOLLOW  SQUARti,  in  the  Military  art,  abody  of  foot  soldiers 
drawn  up,  with  an  empty  space  in  tlie  middle  for  colouis, 
baggage,  &c. 

HOLOCENTRUS,  a  genus  of  the  order  of  the  thoracici,  of 
which  there  are  35  species. 

HOLOMETER,  a  mathematical  instrument  that  serves  uni- 
versally for  taking  all  measures,  both  on  the  earth  and  in  the 
heavens. 

HOME,  in  a  Naval  sense,  signifies  the  situation  of  some 
object  where  it  retains  its  full  force  of  action,  or  where  it  is 
piopeily  lodged  for  convenience  or  security.  Li  the  toriiier 
sense,  it  is  applied  to  the  sails,  and  in  the  latter  it  usually 
refers  to  the  stowage  of  the  hold,  or  the  anchors. 

To  haul  Home  the  Topsail-sheets,  is  to  extend  the  bottom  of 
tlie  lop  sail  to  the  lower  yard-arms  by  means  of  the  sheets. 

Hheet  Home  the  Top-gaUant-sails.  the  order  to  extend  the 
clues  of  those  sails  to  the  top-sail  yard-arms. 

In  the  stowage  of  the  hold,  a  cask  is  said  to  be  home  when 
it  bears  against  or  lies  close  to  some  other  object,  and  ind  ed 
the  security  or  firmness  of  the  stow  age  greatly  depends  on  this 
circumstance. 

The  CartriiUie  is  Home,  i  e.  is  rammed  close  down,  so  as 
that  the  priming-wire  may  pierce  it  through  the  touch-hole. 

HOiMER,  Omeu,  Corns,  or  Chomer,  in  Jewish  antiquities,  a 
measure  containing  ten  baths,  or  seventy-five  gallons  and  five 
pints,  as  a  measure  for  tilings  liipiid  ;  and  thirty-two  pecks  and 
one  pint,  as  a  measure  for  things  dry. 

HOMICIDE,  in  Law,  the  killing  of  a  man  by  man.  Of  this 
there  are  several  species,  as  homicide  by  self-defence,  homi- 
cide by  misadventure,  justifiable  homicide,  manslaughter, 
chance  medley,  and  murder.  Homicide  by  self-defence,  or  st 
defendendo,  is  where  one  has  no  other  possible  means  of  pre- 
serving his  life  from  one  who  combats  with  him  on  a  sudden 
([unrrel,  and  kills  the  person  by  whom  be  is  reduced  to  such 
inevitable  necessity. 

Homicide,  by  misadventure,  is  where  a  man  in  doing  a  law- 
ful act,  without  any  intent  to  hurt,  unfurtunately  chances  to  kill 
another.  Neither  homicide  by  misadventure,  nor  homicide  se 
defendendo,  are  felonious,  because  not  accompanied  with  a 
felonious  intent. 

Homicide,  Justifiable.  To  make  homicide  justifiable,  it  must 
be  owing  to  some  unavoidable  necessity,  to  which  a  person 
who  kilis  another  must  be  reduced,  wiiliout  any  manner  of 
fault  in  himself.  Justifiable  homicide  of  a  public  nature  is  such 
as  is  occasioned  by  the  due  execution  or  advanceinent  of 
public  justice. 

Homicide,  Manslaur/hter,  is  either  with  or  without  malice; 
ihat  which  is  without  malice  is  called  manslaughter,  or  some- 
times chance  medley,  or  chaiid  medley  ;  by  wliich  is  understood 
.•<uch  killing  as  happens  either  on  a  sudden  quarrel,  or  in  the 
commission  of  an  unlawful  act,  witlnnt  any  deliberate  inten- 
tion of  doing  any  mischic-f  at  all.  The  only  dilTerencc  between 
murder  and  manslaughter  is,  that  murder  is  upon  malice 
aforethought,  and  manslaughter  upon  a  sudden  occasion. 

Chanee,  or  Chaud  flledlet/.  Authors  of  the  first  authority 
disagree  about  the  application  of  this  word.  By  some  it  is  ap- 
plied to  homicide  by  misadventure,  by  oihrrs  to  manslaughter. 
Murder  is  the  highest  crime  against  the  law  of  nature  tliat  a 
man  is  capable  of  committing.  It  is,  when  a  man  of  sound 
memory,  and  at  the  age  of  discretion,  unlawfully  kills  another 
person  under  the  king's  paece  with  maliie  aforethought,  either 
expressed  by  the  party,  or  implied  by  the  law,  so  as  the  party 
wounded  or  hurt  die  of  the  wound  or  hurt  within  a  year  and  a 


day,  the  whole  day  on  which  the  hurt  was  done,  being  reckoned 
the  first. — The  law  so  far  abhors  all  duelling  in  cold  blood,  that 
not  only  the  principal  who  actually  kills  the  other,  but  also  his 
seconds  and  those  of  the  persons  killed  are  accounted  guilty  of 
murder. 

HOMINE  Replegiando,  a  writ  to  bail  a  man  out  of  prison. 
HOMO,  Man,   in  Natural   History,  is  ranked  by  Linnajus 
under  the  order  primates,  which  is  characterized  by  having  four 
cutting  teeth  in  the  upper  and  lower  jaw,  and  two  mamma;  in 
the  breast. 

HOMOGENBAL,  or  Homogeneous,  is  a  term  applied  to 
various  subjects  to  denote  that  they  consist  of  similar  parts, 
or  of  parts  of  the  same  nature  and  kind  ;  in  contradistinction 
to  heterogeneous,  where  the  parts  are  of  dilferent  natures,  &c 
Natural  bodies  are  generally  composed  of  homogeneous 
parts,  as  a  diamond,  a  metal,  ike.  Artificial  bodies,  on  the 
contrary,  are  assemblages  of  heterogeneous  parts,  or  parts  of 
difierent  qualities,  as  a  building  of  stone,  wood.  &c. 

HoMOGENEAL  Liyht,  is  thatwhose  rays  are  all  ofone  and  the 
same  colour,  degree  of  refrangibilitv,  and  reflexibility. 

Thus  if  the  ratio  of  A  to  B  be  the  same  as  that  of  C  to  D 
A  is  homologous  to  C  as  B  to  D ;  because  of  the  similitude 
between  the  antecedents  and  consetpients.  The  two  antece- 
dents and  the  two  consequents,  then,  in  any  continued  geome- 
trical proportion,  are  homologous  terms 

Thus,  tiie  base  of  one  triangle  is  homologous  to  the  base  of 
another  similar  triangle;  so  in  similar  triangles,  the  sides 
opposite  to  equal  angles  are  said  to  be  homologous. 

Equiangular,  or  similar  triangles,  have  their  homologous 
sides  proportional. 

All  similar  triangles,  rectangles,  and  polygons,  are  to  each 
other  as  the  squares  of  their  homologous  sides. 

HOMOGENEOUS  Surds,  those  which  have  the  same  radi- 
cal character  or  signs,  as  v'^n,  and    ?  ^b. 

HOMOLOGOUS,  in  Geometry,  an  appellation  given  to  the 
corresponding  sides  and  angles  of  similar  figures,  as  being 
proportional  to  each  other. 

HONE,  a  fine  kind  of  whetstone,  used  for  setting  razors,  &c. 
HONEY,  is  a  sweet  and  lluid  substance,  which  is  collected 
from  flowers,  and  deposited  in  the  cells  of  the  combs  for  sup- 
port of  the  bees  and  their  otl'spring.  The  honey  made  by  young 
bees  is  purer  than  any  other,  and  is  thence  called  virgin  honey. 
Before  the  discovery  of  sugar,  honey  was  of  much  greater 
importance  than  it  is  at  present.  Yet,  both  as  a  delicious 
article  of  food,  and  as  the  basis  of  a  wholesome  fermented 
liquor  called  mead,  it  is  of  no  mean  value  even  in  this  country  ; 
hut  in  many  parts  of  Ihe  continent,  where  sugar  is  much  dearer 
than  with  us,  few  articles  of  rural  economy,  not  of  primary 
importance,  would  be  dispensed  with  more  reluctantly  than 
honey.  In  the  Ukraine,  some  of  the  peasants  have  each  400  or 
500  bee-hives,  and  make  more  profit  of  their  bees  than  of  corn. 
And  in  Spain  the  number  of  hives  is  almost  incredible;  a  single 
parish  priest  is  stated  to  have  possessed  5000. 

HONEY-COMB,  in  Gunnery,  is  a  flaw  in  the  metal  of  a  piece 
of  ordnance,  when  it  is  ill  cast  and  spongeous.  See  the  arti- 
cle  Gun. 

HONOUR,  in  Lavv,  is  used  especially  for  the  more  noble 
sort  of  seigniories  on  which  other  inferior  lordships  or  manors 
depend,  by  performance  of  some  customs  or  services  to  those 
who  are  lords  of  them.  Before  the  statute  18  Edward  I.  the 
king's  greater  barons,  who  had  a  large  extent  of  territory 
holden  under  the  crow  n,  frequcntiv  granted  out  smaller  manors 
to  inferior  persons  to  be  hoUlen  of  tliemselves  :  which  therefore 
now  continue  to  be  held  ui-.dcr  a  suiierinr  lord,  who  is  called  in 
such  cases  the  lord  paramount  over  nil  these  manors;  and  his 
seigniory  is  frequently  termed  an  honour,  not  a  manor,  espe- 
cially if  it  has  belonged  to  an  ancient  feudal  baron,  or  been  at 
any  time  in  the  hands  of  the  crown.  When  the  king  grants  at> 
honour  with  appurtenances,  it  is  superior  to  a  manor  with  ap- 
purtenances ;  for  to  an  honour,  by  common  intendment,  apper- 
tain franchises,  and  by  reason  of  those  liberties  and  franchises, 
it  is  called  an  honour. 

Honour,  Courts  of.  Tliose  w  hidi  determine  disputes  con- 
cerning precedency  and  points  of  honour. 

H(3N0URS,  Military.  All  armies  salute  crowned  heads 
in  the  most  respectful  manner,  colours  and  standards  dropping, 
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and  odicers  saluting.     Different  ranks  of  officers  are  saluted  in 
a  different  mode. 

Honours  of  War,  are  terms  granted  to  a  vanquished  enemy, 
and  by  vvliicli  lie  is  permitted  to  march  out  of  town,  &c.  with 
all  the  insignia  of  military  etiquette. 

HOOD,  a  .sort  of  low  wooden  porch,  resembling  the  compa- 
nion, (whicli  sec)  of  the  master's  cabin,  and  is  placed  over  the 
ladder  which  leads  to  the  steerage  in  merchant  ships.  Its  use 
is  to  prevent  the  rain  from  falling  into  the  steerage,  but  at  the 
same  time  to  admit  the  air  and  light. 

Hood,  is  also  a  name  given  to  the  upper  part  of  a  galley- 
chimney,  whicli  being  in  the  shape  of  the  letter  L  reversed,  is 
trimmed  or  turned  round  according  to  the  various  directions  of 
the  wind,  that  the  smoke  may  alwa\s  lly  to  leeward. 

Fore  Hood,  or  After  Hood,  or  IVhood,  or  W/iooiIch  Ends,  a 
name  given  to  the  ends  of  the  planks  which  are  let  into  the 
channels  of  the  stem  and  stern-post. 

Hood,  of  a  Pump,  a  short  semi-cylindrical  frame  of  wood, 
serving  to  cover  the  upper  wheel  of  a  chain-pump. 

l\'uval  Hoons,  or  Whoods,  large  thick  pieces  of  timber,  which 
encircle  the  hawse-holes. 

HOOK,  a  crooked  piece  of  iron,  of  which  there  are  several 
kinds,  of  different  shapes  and  sizes,  used  at  sea  ;  as  boat- 
hooks,  breast-hooks,  can-hooks,  cat-hooks,  (ish-hooks,  &c.  which 
see.     Foot-hooks  are  the  same  as  Futtocks,  which  see. 

Lai/ing  HooK,  a  winch  for  twisting  a  rope,  used  in  rope- 
making. 

Loof  Hooks,  a.  tackle  with  two  hooks,  one  to  hitch  into  a 
crimjle  of  the  main  or  fore-sail  in  the  bolt-rope,  at  the  leach  of 
tlie  sail  by  the  clew,  and  the  other  is  to  hitch  into  a  strap  which 
is  spliced  to  the  chess-tree.  Their  use  is  to  pull  down  the  sail, 
and  succour  the  tackle  in  a  large  sail  or  stiff  gale,  that  all  the 
stress  may  not  hear  upon  the  tack.  It  is  nlso  used  when  the 
tack  is  to  be  seized  more  secure,  anil  to  take  off  or  put  on  a 
bonnet  or  drabler. 

Hook  and  Butt,  the  scarfing  or  laying  two  ends  of  planks 
over  each  other. 

Hook  Pins,  are  bolts  made  w'nh  a  shoulder  at  one  end,  and 
used  by  carpenters  in  framings. 

HOOKE,  RoiiEKT,  a  celebrated  mathematician,  was  born  in 
the  Isle  of  Wight,  in  163.5,  and  very  early  gave  proofs  of  a  very 
superior  genius:  he  was  lirst  an  assistant  to  Dr.  Wallis,  and 
afterwards  to  Mr.  liojle,  to  whom  he  was  very  useful  in  the 
construction  of  his  air-pump.  He  was  a  man  of  great  mecha- 
nical genius,  and  the  sciences  are  indebted  to  him  for  several 
valuable  instruments  and  improvements.  The  following  are 
the  inventions  and  discoveries  to  which  he  laid  claim  : 

The  wheel  barometer ;  a  scapement  for  maintaining  the 
vibration  of  the  pendulum  ;  the  double-barrelled  air-pump  : 
the  conical  pendulum  ;  an  engine  for  cutting  clock  and  watch 
wheels;  a  method  of  supplying  air  to  a  diving-bell  ;  a  rcllccting 
quadrant;  the  marine  barometer;  the  marine  gage;  a  uni- 
versal joint  for  mechanical  purposes;  besides  a  great  variety 
of  other  iiiechRnical  contrivances,  which  our  limits  will  not 
admit  of  detailing.  His  writings  are  both  numerous  and 
valuable;  but  all  his  discoveries  and  inventions  are  now  tlie 
common  property  of  science.  Hookc  was  professor  of  mathe- 
matics in  the  Royal  Society,  and  at  Gresham  College,  London, 
where  he  died  in  1703. 

HOPPER,  a  kind  of  basket,  wherein  the  seed-corn  is  car- 
ried at  the  time  of  sowing.  It  is  also  used  for  the  wooden 
trough  in  a  mill,  into  which  the  corn  is  put  to  be  ground.  See 
Mill. 

HOPS,  the  dried  flowcrbuds  of  a  British  climbing  plant, 
which  in  some  parts  of  England  grows  wild  ;  but  which  gene- 
rally are  cultivated  in  plantations  that  require  the  grow  lli  of 
some  years  before  they  arc  m  perfection.  The  plants  begin  to 
push  up  their  younir  stems  about  the  month  of  .\pril.  When 
these  are  three  or  four  inches  above  the  ground,  poles  about 
twenty  feet  high  are  driven  in  to  support  them  in  their  growth. 
The  season  for  picking  hops  usually  commences  about  the  mid- 
dle of  September.  This  work  is  performed  by  men,  women, 
and  children.  Proper  baskets,  bins,  or  cribs,  hcingin  readiness, 
the  plants  are  cut  oM'ilosc  to  the  ground,  and  the  poles  drawn 
up.  These  are  placed  upon  the  bins,  with  the  plants  upon 
tliem,  and  three  or  more  persons  on  each  side  pick  off  the  hups. 


.\fter  this  they  are  dried  in  a  kiln,  and  when  dry,  are  ca'ried 
into,  and  kept  for  live  or  six  dajs  in  an  apartment  called  the 
stowage  room,  until  they  are  in  a  state  to  be  put  into  bags. 
This  is  done  through  a  round  hole,  or  trap,  cut  in  the  floor  of 
the  stowage-room,  exactly  eiiuai  to  the  dimensions  of  the 
mouth  of  tlie  bag,  and  immediately  under  which  to  a  frame  of 
wood  this  mouth  is  fastened.  In  each  of  the  lower  corners  of 
the  bag  a  small  handful  of  hops  is  tied;  and  a  person  called 
the  packer  places  himself  in  it,  and,  by  a  heavy  leaden  weight, 
which  he  constantly  moves  round  in  the  places  where  he  is  not 
treading,  presses  and  forces  the  hops  down,  in  a  ver)  close 
manner,  i-nto  the  bag,  as  fast  as  they  are  thrown  to  him  by 
another  labourer.  The  work  thus  proceeds  till  the  bag  is  quite 
full,  when  each  of  the  upper  corners  has  a  few  hops  lied  in  it, 
in  the  same  manner. 

HORARY,  or  Hour  Cihclr  of  a  Globe,  is  a  small  brazen 
circle,  lixed  upon  the  brazen  meridian,  divided  into  twenty, 
four  hours,  having  an  index  moveable  round  the  axis  of  the 
globe,  which  upon  turning  the  globe  fifteen  degrees,  will  shew 
what  places  have  the  sun  an  hour  before  or  after  us. 

Horary  Circles  or  Lines,  in  Dialling,  are  the  lines  or  circles 
which  mark  the  hours  on  sun-dials.     See  Diallino. 

HouARY  Motion  of  the  h'art/i,  the  arch  it  describes  in  the 
space  of  an  hour,  which  is  nearly  15  degrees,  though  not 
accurately  so,  as  the  enrth  moves  with  different  velocities, 
according  to  its  greater  or  lesser  distance  from  the  sun. 

HORDE,  in  Geography,  is  used  for  a  company  of  wandering 
people,  which  have  no  settled  habitation,  but  stroll  about, 
dwelling  in  waggons  or  under  tents,  to  be  ready  to  shift  as 
soon  as  the  herbage,  fruit,  and  the  present  produce,  is  eaten 
bare. 

HORDEUM,  in  Botany,  Jiarleti,  a  genus  of  the  triandria 
digynia  class  and  order.  Natural  order  of  grasses.  Essential 
character:  calyx  lateral,  l«o-valved,  one-llowcred,  by  threes, 
at  each  toothlet  of  the  rachis.     There  are  nine  species. 

HORIZON,  the  lino  that  seeiiH  to  link  the  land  or  sea  and 
sky  ;  and  it  is  either  rational  or  sensible. 

The  Rational,  True,  or  Astronomical  Horizon,  which  is  also 
called  simply  and  absolutely  the  horizon,  is  a  great  circle, 
whose  plane  passes  through  the  centre  of  the  earth,  and  whose 
poles  are  the  zenith  and  nadir.  It  divides  the  spliete  into  two 
equal  parts  or  hemispheres. 

The  Sensible,  Visible,  or  Apparent  Horizon,  is  a  lesser  circle 
of  the  sphere,  which  divides  the  visible  part  of  the  sphere  from 
the  invisible.  Its  poles  are  likewise  the  zenith  and  nadir;  and 
consequently  the  sensible  horizon  is  parallel  to  the  rational, 
and  it  is  cut  at  right  angles,  and  into  two  equal  parts,  by  the 
vertical.  These  two  horizons,  thouv'h  distant  from  each  other 
by  the  semidiameter  of  the  earth,  will  appear  to  coincide,  when 
continued  to  the  sphere  of  the  fixed  stars,  because  the  earlli 
compared  with  this  sphere  is  but  a  point.  The  sensible  hori- 
zon is  divided  into  eastern  and  western. 

The  Eastern  or  Onivc  Horizon,  is  that  part  of  the  horizon 
wherein  the  heavenly  bodies  rise. 

The  Western  or  Oaidual  Horizon,  is  that  wherein  the  stars 
set. 

By  sensible  horizon  is  also  frequently  meant  a  circle,  which 
determines  the  segment  of  the  surface  of  the  earth,  over  which 
the  eye  can  reach  ;  called  also  the  physical  horizon.  In  this 
sense  we  say,  a  spacious  horizon,  a  narrow  scanty  horizon. 

It  is  manifest,  from  the 
annexed  figure,  that  the 
higher  the  spectator  is  rais- 
ed above  the  earth,  the  far- 
ther this  visible  horizon  w  ill 
extend,  as  the  respective  dis- 
tances A  D,  B  A,  will  be  the 
greater.  On  account  of  the 
refraction  of  the  atmosphere, 
distant  objects  on  the  horizon 
appear  higher  than  they  really  arc,  or  appear  less  depressed 
below  the  true  horizon  S  S,  anil  may  be  seen  at  a  greater  dis- 
tance, especially  on  the  sea.  Legendre  says,  that,  from  several 
experiments,  he  is  induced  to  allow  for  lefraction  a  IHh  part 
of  the  distance  of  the  place  observed,  expressed  in  desrees 
and  minutes  of  a  great  circle.     Thus,  if  the  distance  be  14^100 
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toises,  tiie  rcfiaclion  will  be  1000  toises,  equal  to  tlic  57lli  part 
of  a  degree,  or  1'  3". 

Horizon  of  a  Globe,  the  hroad  wooden  circular  rins  in 
which  the  globe  is  fixed.  On  this  are  several  conrciitric  cir- 
cles, which  contain  the  months  and  days  of  the  year,  tlie  <or- 
respondinjc  sifjns  and  degrees  of  the  ecliptic,  aud  the  32  points 
of  tlie  compass. 

Artificiai  Horizon,  is  a  contrivance  intended  to  be  employed 
in  taking  altitudes  with  Hadlcy's  quadrants,  of  which  there  are 
several  constructions. 

HORIZONTAL,  something  relating  to  the  horizon;  or  that 
is  taken  in,  or  on  a  level  with  the  horizon. 

HoRizoNT.AL  Dial,  is  one  drawn  on  a  plane  parallel  to  the 
Iiorizon,  having  its  gnomon  or  style  elevated  according  to  the 
altitude  of  the  pole  of  the  place  it  is  designed  for. 

Horizontal  Distance,  is  that  estimated  iu  the  direction  of 
the  horizon. 

Horizontal  Line,  in  Perspective,  is  a  right  line  drawn 
through  the  principal  point,  parallel  to  the  horizon  ;  or  it  is  the 
intersection  of  the  horizontal  and  perspective  planes. 

Horizontal  Line,  ox  Base  of  a  Hill, in  Surveying,  aline  drawn 
on  the  horizontiil  plane  of  the  hill,  or  that  on  which  it  stands. 

Horizontal  Plane,  in  Perspective,  a  plane  parallel  to  the 
horizon,  passing  through  the  eye,  and  cutting  the  perspective 
plane  at  right  angles. 

Horizontal  liant/e,  of  a  piece  of  ordnance,  is  the  distance 
at  which  a  ball  falls  on  or  strikes  a  horizontal  plane,  whatever 
be  the  angle  of  elevation  or  direction  of  the  piece.  When  the 
piece  is  pointed  parallel  to  the  horizon,  the  range  is  then  called 
the  point-blank,  or  point-blank  range.  The  greatest  horizontal 
range,  iu  the  parabolic  theory,  or  in  a  vacuum,  is  that  made 
with  the  piece  elevated  to  45  degrees,  and  is  equal  to  double 
the  height  from  which  a  body  must  freely  fall,  to  acquire  the 
velocity  with  which  the  shot  is  discharged.  But  in  a  resisting 
medium  like  the  atmosphere,  the  elevation  of  the  piece,  to  shoot 
farthest,  is  always  belo.v  45  degrees,  and  gradually  the  more 
below  it  as  the  velocity  is  greater;  so  that  the  greater  velo- 
cities with  which  balls  are  discharged  from  cannon  with  gun- 
powder, reqirire  an  elevation  of  the  gun  equal  to  but  about  30 
degrees,  or  even  less.  And  the  less  the  size  of  the  balls  is,  too, 
the  less  must  this  angle  of  elevation  be,  to  shoot  the  farthest 
with  a  given  velocity.     See  GUNNEUY. 

Horizon  r\L  Speculum,  consists  iu  a  well  polished  metal 
speculum,  about  three  or  four  inches  in  diameter,  enclosed 
within  a  rim  of  brass;  so  fitted,  that  the  centre  of  gravity  of 
the  whole  shall  I'lrll  near  the  point  on  which  it  turns. 

HOKN.  The  horns  of  oxen  are  used  for  many  of  the  same 
purposes  as  bone.  Alter  having  been  softened  by  lieat,  they 
are  capable  of  being  moulded  into  almost  any  shape.  They  are 
sometimes  stained  in  such  a  manner  as  to  imitate  tortoise  shell, 
and  are  then  used  for  the  making  of  combs.  I5y  a  peculiar 
process  they  are  rendered  semi-transparent,  and  when  formed 
into  thin  plates,  are  employed  instead  of  glass  for  lanterns. 
Horn  was  the  first  transparent  matter  that  was  ever  used  for 
lanterns  and  windows. 

Horn,  is  also  a  musical  instrument  of  the  wind  kind.  The 
French  horn  is  bent  into  a  circle,  and  goes  two  or  three  times 
round,  growing  gradually  bisger  and  wider  towards  the  end, 
vvhich  in  some  horirs  is  nine  or  terr  iirches  over. 

Horns  of  Insects,  the  slender  oblong  bodies  projected  from 
the  heads  of  those  animals,  and  otherwise  called  antennas  or 
leelers.  Tire  horns  of  insects  are  extremely  various;  some 
being  forked,  others  plumose  or  feathered,  cylindrical,  tnper- 
ini',  articulated.  Sec.  ■Souro  have  imagined  they  served  to  wipe 
and  defend  the  eyes;  others,  that  they  served  as  feelers,  lest 
the  creature  should  run  against  any  thing  that  might  hurt  it ; 
and  others  think  thenr  the  orgarrs  of  smelling. 

Horn  Ore,  in  Mineralogy,  is  oire  of  the  species  of  silver  ore  ; 
its  most  frequent  colour  is  pearl-grey.  It  is  fouird  massive, 
disseminated  iu  thick  menrbranes,  in  rourrdish  hollow  balls; 
also  crystallized.  It  occurs  in  veins,  and  is  usually  accom- 
panied with  brown  iron  ochre,  and  with  silver  glance. 

HORNSTONE,  or  Horns  rhUN,  iu  Mineralogy,  a  species  of 
the  fiint  genus,  divided  into  three  sub-species:  the  splintery, 
the  conchoidal,  and  the  woodstoue.  The  irrost  comnron  colour 
of  the  splintery  hornstone  is  gray  ;  it  is  found  in  veins,  iu  the 


shape  of  balls,  in  liinc-stone.  The  best  mill-stone,  called 
French  burr,  is  cellular  spliuter  horrrstoiie.  Conchoidal  horn- 
stone  occurs  in  beds  with  agate,  and  is  distinguished  from  the 
splintery  by  the  lightness  of  its  colours  and  fracture.  In  the 
woodstone  several  colours  occur  together,  and  it  commonly 
exhibits  coloured  delineations,  arrarrging  themselves  iu  the 
direction  of  the  original  woody  textirre. 

Horn  Work,  in  Fortification,  an  outwork  composed  of  two 
demi-bastions,  joined  by  a  curtain. 

HORNBLENDE,  in  Mineralogy,  a  species  of  the  clay  genus, 
of  which  there  are  four  sub-species ;  viz.  the  common,  the 
Labrador,  the  basaltic,  and  the  hornblende  slate.  The  com- 
mon hornblende  is  of  a  greenish  black,  or  raven-black,  which 
in  some  varieties  approaches  to  a  grayish  and  even  velvet 
black.  The  common  hornblende  forms  one  of  the  essential 
ingredients  of  several  nrouutain  rocks.  When  pure,  it  is  a 
capital  fiux  for  iron  ores,  to  vvhich  purpose  it  is  applied  in 
Sweden.  The  Labrador  hornblende,  found  in  the  island  of 
St.  Paul,  on  the  coast  of  Labrador,  is  usually  of  a  brownish 
black.  The  hornblende  slate  is  of  a  colour  intermediate  be- 
tween greenish  and  raven  black  :  it  is  massive,  and  is  generally 
mixed  with  mica  and  felspar.  It  occurs  in  beds  of  primitive 
rocks,  particularly  in  clay  slate  ;  also  in  gneiss  and  mica  slate, 
and  is  found  principally  in  the  northern  parts  of  Europe.  The 
basaltic  hornblende  is  of  a  velvet  black,  occurs  almost  always 
in  single  iurbedded  crystals.  The  surface  is  smooth  and  shin- 
ing, except  where  it  happens  to  be  covered  by  a  thin  ochery  crust. 
HOROLOGIUM,  the  Clock,  in  Astronomy,  is  anmdern  con- 
stellation, bounded  on  the  N.  and  W.  by  Eridanus,  S.  by 
Hydros,  and  E.  by  Reticulus  Rhomboidalis,  Dorado,  and  Equu- 
leus  Pietorius. 

HOROLOGY,  that  branch  of  mechanical  science  which 
enables  us  to  nreasure  the  portions  of  time.  We  judge  of  the 
lapse  of  time  by  the  succession  of  sensible  events ;  and  the 
most  convenient  and  accurate  measures  of  its  quantity  are 
derived  from  motions,  either  uniform,  or  repeated  at  equal 
intervals.  Of  the  former  kind  the  rotation  of  the  earth  on  its 
axis  is  the  nrost  exact,  and  the  situation  of  its  surface  with 
regard  to  the  fixed  stars,  or  less  simply  with  regard  to  the  sun, 
constitutes  the  means  fur  determining  the  parts  of  time  as  they 
follow  each  other.  Of  the  latter  kind,  the  rotation  of  machi- 
nery, consisting  of  wheel-work,  moved  by  a  weight  or  spring, 
and  regulated  by  a  pendulum  or  balance,  afl'ords  instruments 
of  which  the  utility  is  well  known.  But  the  term  horology  is 
at  present  more  particularly  confined  to  the  principles  upon 
which  the  art  of  making  clocks  and  watches  is  established.  See 
Clock,  Dialling,  Watch,  &c.  Under  this  article  we  may 
describe  some  Alarums. 

Simple  Alarum.  —  An  alarum  being  a  most  useful  piece  of 
frrrniture,  at  one  time  or  another,  irr  every  house,  perhaps  the 
sketch  of  one,  both  cheap  aird  simple,  as  well  as  original,  may 
not  be  unacceptable  to  our  readers. 

Description. — A  B  aud 
C  D  are  two  uprights,  of 
wood. 

EF  and  FC  are  two 
small  pieces  of  wood,  with 
ssaaW  hinges  or  pius,  at  £ 
and  C. 

G  is  a  vessel  made  of 
glass  or  tin,  and  suspended 
from  F,  to  contain  water, 
under  which  is  placed  the 
lamp,  H. 

By  the  heat  of  the  lanrp 
the  water  gradually  eva- 
porates or  files  off  ill 
steam,  which,  lightening 
the  vessel,  G,  allows  the 
piece  of  wood,  E  F,  mov- 
ing on  the  hinge  at  E,  to 
escape  from  under  the 
point,  F,  of  the  piece  of 
wood,  F  C,  which  (lies  up, 
from   the  strength   of  the 
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pprinp;  of  the  bell,  to  the  wheel  or  pulley,  I,  and  thus  sets  the 
bell  at  liberty  and  causes  it  to  rin^. 

J  is  a  bra-.'ket  or  triangular  piece  of  wood,  to  prevent  the 
vessel,  G,  from  railing  on  the  lamp  after  the  bar,  E  F,  has 
escaped  from  under  it. 

Tlie  quantity  of  water  for  a  certain  number  of  hours,  the  size 
of  the  wick,  &c.  can  be  calculated,  with  ease,  from  a  lew  hours' 
observation.  A  slit  should  be  cut  perpendicularly  in  the  piece 
FC,  so  that  the  thread  by  which  the  vessel  is  suspended  may 
be  shifted  nearer  towards  C,  as  occasion  may  require. 

Cheap  Aturum.—  X  is  a  board  about  a  foot  square,  in  the 
centre  of  which  is  inserted  an  upright  piece  B,  through  which 
a  cross  piece,  C,  passes,  confined  by  a  wire  pin,  but  having 
the  aperture  through  which  it  passes  in  the  upright  piece  B, 
cut  as  described  by  the 
dotted  lines  at  D  V. 
To  the  end  E  is  at- 
tached a  weight,  move- 
able backwards  or  for- 
wards at  pleasure.  On 
the  opposite  end  of  the 
beam  C,  is  fixed  a  tin 
vessel,  F,  which  re- 
ceives the  sand  as  it 
runs  out  of  the  funnel 
G,  which  is  fastened 
to  a  fixed  beam,  H.     I 

is    a    common    spring  

bell,  also  fixed   to  the  A 

top  of  the  upright  post,  B.  K  is  a  wire,  or  piece  of  fine  cord 
passing  from  the  spring  of  the  bell  to  the  upper  end  of  a  small 
lever,  L,  which  traverses  on  an  axle,  M,  fixed  to  the  side  of  the 
upright  piece  B,  the  other  or  lower  end  of  the  leaver  L  pr-jsses 
against  a  peg,  N,  projecting  from  the  side  of  the  cross  beam  C, 
which  retains  the  lever  L  in  the  position  represented  in  the 
figure,  and  confines  the  spring  of  the  bell,  till  the  weight  of  the 
sand  run  out  of  the  funnel  G  into  the  vessel  F  more  than 
counterbalances  the  weight  at  the  end,  E,  when,  of  course, 
the  end,  O,  of  the  cross  beam  will  be  depressed,  which  will 
suddenly  release  the  lower  end  of  the  lever  L  from  (he  peg  N, 
and  thus  the  spring  of  the  bell  will  re-act  with  sulTicient  force 
to  put  the  bell  in  motion.  Any  quantity  of  sand  may  be  put 
into  the  funnel  G:  thus  if  2  ounces  should  run  one  hour,  12 
ounces  will  run  six  ;  therefore  by  having  the  weight  P  12  ounces 
(after  having  balanced  the  cross  beam  C  with  the  empty  vessel 
F,)  it  is  obvious  that  as  the  sand  continues  running,  in  a  few 
minutes  the  vessel  containing  the  sand  must  predominate  and 
be  depressed,  which  is  all  that  is  required,  as  shewn  in  the 
figure. 

HOROSCOPE,  in  Astrology,  is  the  degree  of  the  ascendant, 
or  the  star  that  rises  above  the  horizon,  at  a  certain  moment, 
which  is  observed  in  order  to  predict  some  future  event.  The 
same  name  is  also  given  to  a  scheme  or  figure  containing  the 
twelve  houses,  in  which  arc  marked  the  situation  of  the  heavens 
and  stars,  in  order  to  fi>rin  predictions. 

HoROscoTE  Liinnr,  the  point  from  which  the  moon  proceeds 
when  the  sun  is  in  the  ascending  point  of  the  east. 

HORS  DE  Combat,  a  term  in  use  in  the  French  army,  to 
express  the  total  loss  to  an  army  by  a  battle,  including  killed, 
wounded,  prisoners  and  deserters, 

HoRS  de  Son  Fee,  an  exception  to  avoid  an  action  brought 
for  rent  issuing  out  of  certain  lands,  by  him  that  pretends  to 
be  the  lord,  or  for  some  custom  and  services  ;  for  if  the  <le- 
fendant  can  prove  the  land  to  be  without  the  compass  of  his 
fee,  the  action  fails. 

HORSE,  a  rope  reaching  from  the  middle  of  a  yard  to  i(s 
arms  or  extremities,  and  depending  about  two  or  three  feet 
under  the  yard,  for  the  sailors  to  tread  on  while  they  are  loos- 
ing, reefing,  or  furling,  the  sail ;  rigging  out  the  studding  sail 
booms,  &c.  In  order  to  keep  the  horse  more  parallel  to  the 
yard,  it  is  usually  attached  thereto  at  proper  distances,  by  cer- 
tain ropes  called  stirrups,  which  hang  to  their  lower  ends, 
through  which  the  horse  passes. 

HoKSF.,  signifies  also  a  thick  rope,  fixed  perpendicularly  fore 
or  aft  a  mast,  for  the  purpose  of  hoisting  some  yard. 

I'he  HoRsii  is  distinguished  from  every  other  quadruped,  bv 
48. 


having  his  hoofs  single,  and  his  tail  covered  with  long  harr. 
The  male  has  the  name  of  hurse,  the  female  of  mare,  and  the 
young  one  oi  foal.  Wild  horses  are  found  in  large  herds  in 
Siberia,  and  several  other  parts  of  kt'ia,  as  well  as  in  some 
parts  of  Africa.  Endowed  with  the  most  iiseful  qualifications, 
the  horse  is  an  animal  of  the  greatest  importance  to  the  inha- 
bitants of  all  temperate  climates.  Though  naturally  spirited, 
active,  and  intrepid,  he  submits  with  patience  to  carry  burdens, 
and  to  toil  for  daj  s  together  along  the  roads  and  in  agricultural 
labours;  and,  if  treated  with  care  and  attention,  he  persever- 
irigly  adapts  himself  to  our  wants  and  conveniences.  In  tome 
parts  of  Tartary,  these  animals  have  even  been  made  objects 
o<' divine  worship,  originating  no  doubt  in  a  principle  of  grati- 
tude for  the  services  they  perforin.  By  the  Arabians,  they  are 
nearly  as  much  attended  to  and  beloved  as  human  beings ;  liv- 
ing in  the  same  tents  with  their  owners,  and  participating  in 
all  the  kindnesses  which  they  bestow  upon  their  own  families. 
In  Arabia,  indeed,  these  animals  may  be  deemed  the  chief  sup- 
port of  the  families  who  possess  them;  and  (surrounded  wiili 
foes)  the  very  existence  of  the  owner  not  unfrequcnily  depends 
upon  the  powers  of  his  horse. 

In  no  countrv  of  Europe  is  so  much  attention  paid  te  the 
breeding  and  training  of  horses  as  in  Enirland.  The  conse- 
quence has  been,  that  the  British  horses  are  superior  botti  in 
swiftness  of  foot,  and  in  strength  and  perseverance  in  thecourse, 
to  any  others  in  this  quarter  of  the  world. 

The  fleetest  of  all  the  British  horses  is  of  course  the  rart- 
liiivse  ;  and,  for  short  distances,  none  of  the  Arabians  which 
have  been  tried  in  England  have  proved  in  any  degree  equal 
to  him.  The  celebrated  horse,  called  Cliilders,  in  the  year 
1721,  ran  four  miles  in  six  minutes  and  forty-eight  seconds,  car- 
rjinga  weight  of  nine  stone  two  pounds.  Had  the  diflerent 
racing  meetings  at  Newmarket,  York,  and  other  places,  no 
other  view  than  to  call  together  great  concourses  of  people  for 
amusement,  their  tendency  would  be  injurious  rather  than 
beneficial  to  society  ;  but  when  it  is  considered  that  such  meet- 
ing arc  the  cause  of  great  emulation  in  the  breeding  of  a  race 
of  animals  so  valuable  as  the  hurse,  their  utility  will  be  suSi- 
cieiitly  apparent. 

The  English  hinilers  are  allowed  to  be  among  the  nob.est. 
most  elegant,  a«d  most  useful  animals  that  are  known;  and 
the  value  of  our  /iticiinei/s  or  road  horses  may  be  imagined, 
when  it  is  stated  that  many  of  them  are  able  to  trot  at  the  rate 
of  more  than  fifteen  miles  per  hour.  In  the  yea.  1746  the  post- 
master of  Stretlon  is  stated  to  have  ridden  -n  diiferent  horses 
along  the  road  to  and  from  London,  no  few  r  than  21.5  miles  in 
eleven  hours  and  a  half,  which  is  at  the  rate  of  above  eighteen 
miles  an  hour. 

So  great  is  the  strength  of  these  animals,  that  instances  have 
been  mentioned  of  a  single  horse  drawing,  for  a  short  space, 
the  weight  of  three  tons  ;  and  of-otljers  carrying  a  load  which 
weighed  more  than  900  pounds.  The  immense  tlrai)-hortes 
which  are  employed  by  the  brewers,  and  are  so  frequently 
seen  in  the  streets  of  London,  though  in  some  measure  useful 
as  being  able  better  to  sustain  the  shock  of  loading  and  unload- 
ing than  slighter  animals,  are  chiefiy  kept  from  a  principle  of 
ostentation.  The  British  dranght-liorscs  are  extremely  valuable 
animals,  but  partirularlv  a  chcsnut-coloured  race  called  Suf- 
folk horses.  — See  the  Plate. 

In  Scotland  there  is  a  breed  of  small  horses  or  ponies,  which 
are  known  by  the  name  of  yatlowni/s  The  best  of  these  seldom 
exceed  the  height  of  fourteen  hands  and  a  half,*  and  are 
extremely  active,  hardy,  and  S|)iritcd  animals.  The  Shetland 
isl:inds  produce  a  race  called  «/it/(i«,  which,  though  exceedingly 
diminutive  in  size,  are  in  other  respects  highly  excellent. 

In  Ireland,  the  cart-horses,  though  of  suflicicnt  size,  are  ill- 
shaped  and  bail.  The  saddle-horses  appear  naturally  as  good 
as  ours  ;  but  in  general  they  are  ill  kept,  worse  groomed,  and 
still  worse  shod. 

There  is  a  prevalent  and  erroneous  notion,  that  the  flesh  of 
the  horse  is  bitter  and  unpalatable.  In  several  parts  of  A.-ia 
wild  horses  arc  killed  almost  exclusively  for  food;  and  the 
Calniuc  Tartars,  in  particular,  are   so  partial   to  this  kind  of 

*   Four  inclies  make  a  band.     Tbis  is  the  usual   mode   of  ebtioraliitg  Ibe 
hcigbt  of  borses. 
6  B 
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llesli,  tliat  they  soldom  eat  any  other.  Horses'  flesh  is  con- 
stantly exposed  for  sale  in  the  markets  of  Tonquin.  A  cele- 
brated British  writer  (Dr.  Anderson)  has  strongly  recommended 
the  fattening  of  horses  as  food  in  this  country,  and  urges  his 
reoonimendalion  by  declaring  that  horse-llosh  is  superior  in 
delicacy  of  ilavour  to  beef! 

The  Tartars  drink  the  wi/tt  of  the  mare,  and  also  convert  it 
into  butter  and  cheese.  One  of  their  most  favourite  kinds  of 
beverage  is  called  Iwumiss,  which  is  a  sort  of  wine  made  of  fer- 
mented mares'  milk ;  and  is  carried  by  them  from  place  to 
place,  in  lia;;s  made  of  horses' hides.  When  in  perfection,  the 
taste  of  koumiss  is  said  to  be  a  pleasant  mixture  of  sweet  and 
sour  ;  but  it  is  necessary  to  agitate  it  before  it  is  drank.  This 
preparation  is  also  considered  of  great  utility  in  a  medicinal 
view. 

The  skin  of  the  horse,  after  it  is  tanned,  is  made  into  collars, 
..races,  and  other  parts  of  harness  ;  and  under  the  name  of 
foidovan  is  also  used  for  shoes.  The  hair  forms  a  considerable 
branch  of  trade.  Tliat  of  the  tail  is  employed  for  weaving  the 
covers  or  seats  of  chairs  and  sofas;  for  making  sieves,  fishing- 
lines,  and  the  bows  of  musical  instruments.  The  inferior  hair 
of  the  fail  and  mane  is  employed  for  the  stuiring  of  bolsters 
and  mattresses.  For  this  purpose  it  is  baked,  which  renders 
it  one  of  the  most  elastic  substances  for  couches  that  are 
known.  The  short  hair  of  the  horse  is  used  for  studing  sad- 
dles and  horse-collars. 

If  horses  be  well  treated  and  properly  attended  to,  they  will 
sometimes  live  to  the  age  of  fifty  years ;  but  during  a  great 
part  of  this  time,  they  are  generally  so  decrepit  as  to  be  un- 
able to  perform  any  services  whatever  for  their  owners.  To 
ascertain  the  age  of  a  horse,  reference  is  generally  had  to 
the  teeth.  Every  treatise  on  farriery  has  in- 
structed us  to  know  a  horse's  age  by  the  mark 
in  his  mouth;  but  not  one  in  five  hundred  (a 
dealer  excepted)  can  retain  it  in  his  mind.  We 
have  endeavoured,  therefore,  to  represent  it  by 
engravings. 

Every  horse  has  six  teeth  before  in  each  jaw  : 
till  lie  is  two  years  and  a  half  old,  they  are  all 
smooth  and  uniform  in  their 
upper  surfaces,  fig.  1.  At  two 
years  and  a  half  old  he  sheds  the 
two  middle  teeth  (by  the  young 
teeth's  rising  and  forcing  the 
old  ones  out,  as  at  fig.  2,)  which 
at  three  years  old  are  replaced 
by  two  hollow  ones,  as  at  fig.  3. 
When  he  is  about  three  years 
and  a  half  old,  he  sheds  two 
others,  one  on  each  side  the  two 
middle  ones,  (ig.  4,  which  at 
four  years  old  are  replaced  by 
two  others,  which  are  also  hol- 
low, as  at  fig.  5.  The  sharp 
single  teeth  in  horses,  (fig.  4.) 
begin  to  appear  in  the  lower  jaw 
when  the  liorsc  is  about  thiee 
years  and  a  half  or  four  years 
old.  when  he  is  nearly  six 
years  o\d,  they  are  full  grown, 
pointed,  and  concave  in  the  in- 
side, as  at  (ig.  6.  When  he  is 
four  years  and  a  half  old,  he 
sheds  the  two  corner  teeth,  fig. 

6,  which  at  five  are  replaced 
also  with  two  hollow  ones, 
grooved  on  the  inside,  as  at  fig. 

7,  which  groove  marks  the  age 
precisely.  At  six  years  of  age 
this  groove  begins  to  fill  up.  and  disappear,  as  at  fig.  8,  so  do 
the  hollows  of  the  rest  of  the  teeth,  which  continue  till  near 
seven  and  a  half  or  eight  jears  old,  when  all  the  teeth  become 
unil'orndy  full  and  smooth,  as  at  fig.  !>.  Crafty  jocki-ys  will 
sometimes  burn  holes  in  the  teeth,  to  make  them  appear  young, 
which  they  call  bislioping;  but  a  discerning  eye  will  soon  dis- 
tover  the  cheat. 


By  inspecting  the  eyes  also,  we  may  know  the  eondiiion  of 
a  horse,  especially  as  to  sight:  thus,  if  a  horse's  eyes  are  lively 
and  clear,  and  you  can  see  to  the  bottom,  and  the  image  of 
your  face  he  reflected  from  thence,  and  not  from  the  surface  of 
the  eye,  they  are  good;  but  if  muddy,  cloudy,  o.r  coal-black, 
they  are  bad. 

^Vith  respect  to  bis  legs,  you  ought  to  observe  whether  his 
knees  are  broken,  or  stand  bending  and  trembling  forward  ;  if 
so,  the  animal  is  unsound  ;  if  he  steps  short,  and  digs  his  toes 
in  the  ground,  it  is  a  sign  he  will  knuckle.  In  short,  if  the  hoof 
be  pretty  fiat  and  not  curled,  you  need  not  fear  a  founder. 

As  to  his  wind,  ii  his  flanks  beat  even  and  slow,  his  wind 
n)ay  be  good,  but  if  they  heave  double  and  irregular,  or  if 
(while  he  stands  in  the  stable)  he  blows  at  the  nostrils,  as  if  he 
had  just  been  galloping,  they  are  signs  of  a  broken  wind. 
Deceitful  dealers  have  a  draught  which  they  sometimes  give, 
to  make  a  horse  breathe  regularly  in  the  stable  ;  the  surest  way 
therefore  to  judge  of  his  wind,  is,  to  give  him  a  good  brushing 
gallop,  and  it  is  ten  to  one,  if  his  wind  be  broken,  or  even 
touched,  that  he  will  cough  and  wheeze  very  much,  and  no 
medicine  can  prevent  his  doing  so.  In  buying  a  horse,  inijuire 
whether  he  bites,  kicks,  stops,  and  starts  ;  for  a  horse  may  be 
perfectly  sound,  and  yet  guilty  of  these  four  vices.  And  a 
good  sound  horse  has  neither  splint,  spavin,  nor  windgall, 
which  are  excrescences  and  swellings  about  the  legs.  But  this 
is  not  a  treatise  on  farriery. 

Slioeiiiff  of  Horses. — The  shoes  should  be  made  three  times 
as  thick  at  the  toe  as  at  the  heels,  so  that  by  this  means  the 
frog  may  come  down  to  the  ground.  The  nails  are  all  placed 
forward,  four  on  each  side,  but  not  approaching  too  near  the 
IiclIs.  They  should  be  counter-sunk  in  conical  or  wedge- 
shaped  holes.  For  horses  which  go  in  shafts,  or  are  used  in 
hunting,  it  is  usual  to  make  shoes  with  only  one  heel,  which 
should  be  outward.  The  horse's  heel  must  be  rather  lowered 
on  that  side,  and  the  inner  heel  of  the  shoe  somewhat  thickened, 
so  as  to  balance  and  bear  equally.  The  best  breadth  for  the 
shoe  of  a  medium-sized  horse  is  said  to  be  one  inch  at  the  toe, 
and  three-quarters  at  the  heel  ;  the  weight  about  eighteen  or 
twenty  ounces.  In  order  to  fit  the  shoe  without  causing  the 
horse  to  stand  too  much  on  his  heels,  the  under  part  of  the 
crust,  or  wall  of  the  hoof,  is  pared  away  to  receive  the  excess 
of  thickness  in  front;  for  the  bottom  of  the  shoe  ought  to  be 
perfectly  flat,  without  any  stubs  or  calkiugs  in  front.  Paring 
away  the  heels  is  a  most  destructive  practise,  except  in  case 
of  absolute  excrescence  in  those  parts  :  nor  should  the  bars, 
(or  diagonal  ridges)  that  extend  fioni  the  heels  to  tlie  frog,  or 
central  projection,  ever  be  cut  more  than  is  absolutely  proper 
for  the  purpose  of  keeping  them  in  a  clean  and  healthy  state. 
A  good  open  heel  is  the  indication  of  a  powerful  foot;  hence 
the  sides  of  shoes  ought  not  to  be  much  contracted.  When 
the  heels  are  tender,  what  is  called  a  bar-shoe  ought  to  be 
applied.  On  the  frog  the  horse  cliielly  depends  for  a  spring, 
or  resistance  at  the  bottom  of  his  foot.  If  this  part  does  not 
touch  the  ground,  the  whole  motion  will  be  derived  from  the 
upper  parts  of  the  limb,  and  a  very  uneasy  gait  will  inevitably 
follow.  This  points  out  the  necessity  for  leaving  it  fully  at 
liberty  to  come  in  contact  with  the  ground. 

HoKSE  Dealers.  Every  person  exercising  the  trade  or  busi- 
ness of  a  horse-dealer,  must  take  out  a  license  from  the 
Stamp-office.  Horse-dealers  carrying  on  business  without  a 
license,  are  liable  to  be  assessed  the  duties  on  riding  horses. 

HoRSF.s.  It  is  lawful  for  any  person  to  transport,  by  way  of 
merchandise,  horses  into  any  parts  beyond  the  seas  in  amity 
with  his  majesty,  paying  for  each  os.  No  person  convicted  of 
feloniously  stealing  a  horse,  shall  have  the  privilege  of  clergy  ; 
accessaries  before  or  after,  arc  also  deprived  of  the  benefit  of 
their  clergy.  If  a  horse  be  stolen  out  of  the  stable,  or  other 
curtilage  of  a  dwelling-house,  in  the  night  time,  it  falls  under 
the  denomination  of  burglary  ;  if  in  the  day-time,  it  falls  under 
the  denomination  of  larceny  from  the  house.  Keepers  ol 
slaughter-houses  for  horses,  arc  subject  to  regulations  enacted 
by  an  act  of  2G  Geo.  III.  c.  74.  If  any  person  shall  unlawfully 
and  maliciously  kill,  maim,  or  wound  any  cattle,  every  person 
so  offending,  shall  be  adjudged  guilty  of  i'elony.  If  a  horse,  or 
other  goods,  be  delivered  to  an  innkeeper,  or  his  servants,  he 
is  bound  to  keep  them  safely,  and  restore  them  when  his  guest 
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leaves  the  liousc.  If  a  horse  be  delivered  to  an  agistiD<;  far- 
mer for  the  purpose  of  depasturing  in  his  meadows,  he  is 
answerable  for  the  loss  of  llie  horse,  if  it  be  occasioned  by  the 
ordinary  nesloct  of  himself  or  his  servants.  If  a  man  ride  to 
an  inn  where  his  horse  has  eat,  the  host  may  detain  the  horse 
till  lie  be  salisficd  lor  the  eating. 

HORTUS  SICCUS,  or  Dky  Garden,  is  an  appellation 
oiven  to  a  collection  of  specimens  of  plants,  caretully  dried 
and  preserved.  Plants  may  be  dried  by  jiressing  in  a  box  of 
.sand,  or  with  a  hot  smoothing  iion  ;  and  each  of  these  nictliods 
has  its  advantajjjes.  If  pressure  be  employed,  a  couple  of 
boards,  about  18  inchts  Ions,  12  broad,  and  2  thick,  •.villi 
screws  at  each  corner  and  nuts  on  them,  something  like  a 
bookbinder's  press,  will  do  very  well;  or  the  plants  may  be 
put  between  the  leaves  of  a  blolting  paper  book  made  on  pur- 
pose, and  V4 eights  laid  on  the  book  till  the  plants  are  dried. 
Next,  some  quires  of  unsized  blossom  blotting  paper  must  be 
provided.  The  specimens,  when  taken  out  of  tlie  tin  box,  must 
be  carefully  spread  on  a  piece  of  pasteboard,  covered  with  a 
single  sheet  of  the  blossom  paprr  quite  dry;  then  place  three 
or  four  sheets  of  the  same  paper  above  the  plant,  to  imbibe  the 
moisture  as  it  is  pressed  out;  it  is  then  to  be  put  into  the 
press.  As  many  plants  as  the  press  will  hold  may  be  piled  up 
in  this  manner.  At  first  they  ought  to  be  pressed  gently. 
After  being  pressed  for  tv\enty-four  hours  or  so,  the  plants 
ought  to  be  examined,  that  any  leaves  or  petals  which  have 
been  folded  may  be  spread  out,  ami  dry  sheets  of  paper  laid 
over  tlieix>.  They  may  now  be  replaced  in  Uie  press,  and  a 
greater  degree  of  pressure  applied.  The  press  ought  to  stand 
near  the  fire,  or  in  the  sunshine.  After  remaining  two  days  in 
this  situation,  they  should  be  airain  examined,  and  dry  sheets 
of  paper  be  laid  over  them.  The  pressure  then  ought  to  be 
considerably  increased.  After  remaining  three  dajs  longer  in 
the  press,  the  plants  may  be  taken  out,  and  such  as  arc  sulli- 
cienlly  dry  may  be  put  in  a  dry  sheet  of  writing-paper.  Those 
plants  which  are  succulent  may  require  more  pressure,  and 
the  blossom  paper  again  renewed.  Plants  which  dry  very 
(juick,  ought  to  be  pressed  with  considerable  force  when  first 
put  ill  the  press  ;  and,  if  <lelicate,  the  blossom  paper  should  be 
changed  every  day.  When  the  stem  is  woody,  it  may  be 
lliinncd  with  a  knife,  and  if  the  flower  be  thick  or  globular,  as 
the  thistle,  one  side  may  be  cut  away  ;  as  all  that  is  necessary 
in  a  specimen,  is  to  preserve  the  ehaiaoter  of  the  class,  order, 
genus,  and  species.  Plants  may  be  dried  in  a  box  of  .»aiid  in 
a  more  expeditious  manner;  and  this  method  preserves  the 
colour  of  some  plants  better.  The  spreimeiis,  after  being 
pressed  for  ten  or  twelve  hours,  must  be  laid  within  a  sheet  of 
blossom  paper.  The  box  must  contain  an  inch  deep  of  fine 
dry  sand,  on  which  the  sheet  is  to  be  placed,  and  then  covered 
with  sand  an  inch  thick:  another  sheet  then  may  be  deposited 
in  the  same  manner,  and  so  on,  till  the  box  be  full.  The  box 
must  be  placed  near  a  fire  for  two  or  three  days.  Then  the 
sand  must  be  carefully  removed,  and  the  plants  examined.  If 
not  sulTiciently  dried,  they  may  airain  be  replaced  in  the  same 
manner  for  a  day  or  two.  In  drying  plants  with  a  hot  smooth- 
ing iron,  they  must  be  placed  within  ssveral  sheets  of  blotting 
paper,  and  ironed  till  they  become  sullieienlly  dry.  This 
method  answers  best  for  drying  succulent  and  mucilaginous 
plants.  When  properly  dried,  llie  specimens  should  be  placed 
in  sheets  of  writing-paper,  and  may  be  slightly  fastened  by 
making  the  top  and  bottom  of  the  stalk  pass  through  a  slip  of 
paper,  cut  neatly  for  the  purpose.  Then  the  name  of  the 
genus  and  species  should  be  written  down,  the  pdace  where  it 
was  found,  nature  of  the  soil,  and  season  of  the  year.  These 
specimens  may  be  eolleeted  into  genera,  orders,  and  classes, 
and  tilled  and  preserved  in  a  portfolio  or  cabinet. 

HOSPITAL,  VViLi.iAM  Francis  Antony,  Marquis  Dii  i.', a 
I  elelirated  Krcnch  mathematician,  was  born  of  an  ancient 
family  in  IGGl.  lie  was  a  geometriei.in  almost  from  liis  infan- 
cy ;  lor  one  day  being  at  the  Duke  of  Hohan's  where  some  able 
lualhcmatieians  were  speaking  of  a  problem  of  Pascal's,  which 
appeared  to  them  extremely  diHieult,  he  ventured  to  say  that 
he  believed  he  could  solve  it;  in  a  few  days  he  sent  Iheni  the 
solution.  He  entered  early  into  the  army,  and  was  a  captain 
of  horse  ;  but  being  extremely  short-sighted,  and  exposed  on 
iliat  account  to  perpetual  inconveniences  and  errors,  he  at 


length  quitted  the  army,  and  applied  himself  entirely  t"  liis 
favourite  amusement.  He  contracted  a  fiiendship  with  Mal- 
branche,  and  took  his  opinion  upon  all  occasions.  In  \tV.i. 
he  was  received  an  honorary  member  of  the  Academy  of  Sci- 
ences at  Paris  ;  and  soon  after  published  a  work  upon  Sir  Isaac 
Newton's  Analysis. 

Hospital,  a  place  or  building,  erected,  endowed,  or  sup- 
ported, by  charitable  contributions,  for  the  reception  and  relief 
of  the  aged,  infirm,  and  helpless.  The  institution  is  very 
ancient,  and  the  benefits  resulting  from  it  are  iucaleulablc.  In 
London  alone,  and  its  suburbs,  there  arc  upwards  of  thirty 
hospitals;  some  bearing  a  name  corresponding  with  tie  dis- 
eases for  the  cure  of  which  they  were  established,  and  ollieis 
taking  their  appellation  from  the  place  in  which  they  stand,  or 
the  means  by  which  they  are  supported.  Many  among  tlieiii 
are  amply  endowed,  but  the  rules  and  regulations  by  which  lliey 
are  governed,  arc  too  voluminous  and  diversified  to  be  given 
in  detail. 

HOT-Beds,  in  Gardening,  beds  made  with  fresh  horse- 
dnng,  or  tanner's  bark,  and  covered  with  glasses  to  defend 
them  fiom  cold  winds.  According  to  the  quantity  and  quality 
of  the  materials  put  together  for  hot-beds,  the  heat  will  bi- 
porportioned  as  to  strength  and  duration.  The  place  where 
hot' beds  are  worked  should  be  open  to  the  full  sun,  and  be 
screened  from  the  north  and  north-east  winds.  Working  of 
the  dung  is  necessary  previous  to  the  making  of  a  hot-bed,  i.e. 
it  should  be  thrown  together  on  a  heap,  in  a  conical  form  ;  and 
when  it  has  taken  a  thorough  heat,  it  should  be  turned  over, 
moving  the  outside  in,  or  mixing  the  colder  parts  with  the  hot- 
When  it  has  taken  heat  again  for  two  or  three  days,  give  it  a 
second  turn  as  before,  and  having  lain  the  same  time,  it  will  bo 
in  proper  order  for  making  a  good  lasting  bed  with  a  steady  beat. 

Hor-//oH*e,  an  erection  warmed  by  means  of  lines,  for  the 
culture  of  tender  exotics  of  tropical  climates.  The  site  of  a 
hot-house  is  extremely  important.  A  south-west  aspect  is  to 
be  preferred. 

HOUNDS,  in  sea-faring  language,  are  those  parts  of  a  p"- 
head  Hliich  gradually  project  on  the  liglit  and  left  side  beyond 
the  (cylindrical  or  conical  surface.     These  hounds  support  the 
frame  of  the  top,  together  with  the  topmast  and   the  ligging  of 
the  lower-mast. 

HOUK,  is  the  twenty-fourth  part  of  a  natural  day.  Different 
people  reckon  the  hours  in  a  diU'erent  manner.  Dabylonish 
hours  are  those  which  are  counted  from  sun-rising  in  a  con- 
tinued series  of  twenty-four.  European  hours  are  those  counted 
from  midnight,  twelve  from  thence  to  noon,  and  from  noon  lo 
midnight  twelve  more.  Those  which  commence  their  order 
from  noon  are  called  astronomical,  because  used  by  astronomers. 
The  Jews,  (Mialdeaiis,  Arabs,  and  other  eastern  people,  divide 
their  hours  into  a  llmusand  and  eif/IUy  scruples,  eighteen  whereof 
are  equal  to  our  minute. 

HOUSE,  in  Astrology,  denotes  the  tw  clfth  part  of  the  heavens. 

HoLSE,  the  common  dwelling  of  man  in  civilized  society. 
We  shall,  under  this  definition,  consider  the  several  parts  of 
which  a  building  for  our  accommodation  is  composed.  The 
article  will  necessarily  include  all  those  particulars  deserving 
of  notice  to  the  bricklayer,  the  mason,  the  carpenter,  and  pro- 
prietor or  occupier  of  a  house. 

I.  Brichmaliing,  iVc. — The  art  of  biieklay  iiig  or  building  with 
bricks  is  of  great  anti(|uity,  and  appears  to  be  coeval  with  the 
earliest  edifices  on  record.  The  nmking  of  bricks  for  buildinjf 
has  been  variously  practised  among  dill'erent  nations.  The 
lialiylonians  often  impressed  or  engraved  inscriptions  on  their 
bricks  in  a  cliaracter  which  has  given  lisc  to  much  discus- 
sion among  the  learned.  The  ancient  (Jrecks  chiclly  used 
three  kinds  of  bricks ;  bricks  of  two  or  thre<-  palms  in  length, 
those  of  four  palms,  and  those  of  live  palms.  The  Komans, 
from  a  comparative  deficiency  of  marble,  built  moie  with 
bricks  than  the  Greeks,  and  employed  the  arch,  and  the  vault, 
to  which  this  useful  material  so  iniiih  contributed,  more  than 
their  predecessors.  Their  bricks,  accoriling  to  the  authority 
of  Pliny,  v»'ere  about  seventeen  inches  long,  and  eleven  broad, 
and  scarcely  thicker  than  onr  paving  bricks.  Palladio,  Sir 
Christopher  Wren,  and  oilier  eminent  modern  ar<liitects,  have 
constructed  beautiful  and  well-proportioned  edifices  in  brick. 

Bricks,  as  manufactured  in  England,  are  always  burned  or 
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baketl.  Unbuiiit  bricks,  after  tbc  ancient  mode,  are  still  in 
use  in  Egypt,  and  many  parts  of  tbe  East.  The  modes  of 
making  bricks  in  Great  Britain  are  various:  those  manufac- 
tured in  tbe  country  differ  from  those  made  in  tlie  neislibour- 
'lood  of  the  metropolis,  and  are  distinguished  by  their  colour; 
the  former  being  a  deep  red,  and  the  iaiter  a  yellow,  stone 
colour,  and  gray.  The  country  bricks,  svliich  arc  baked  in  a 
kiln,  are  made  of  a  stronger  earth,  and  have  no  internal  firing  ; 
but  the  London  method  is  beginning  to  be  adopted  near  all 
large  towns,  both  in  England  and  in  Ireland,  where  cinders 
and  coal  ashes  can  be  procured,  and  by  far  the  greatest  quan- 
tity of  bricks  are  now  made  in  that  manner. 

On  comparing  the  strength  and  durability  of  modern  bricks 
w  itli  those  of  ancient  times,  it  is  evident  that  (he  former  are  in 
every  respect  inferior.  The  ancients  selected  the  best  sort  of 
clay,  and  combined  it  with  other  ingredients  well  adapted  to 
improve  its  properties.  In  the  southern  provinces  of  Russia, 
in  the  stupendous  Tartary  mountains,  bricks  which  scarcely 
yield  to  the  hammer,  owe  their  excellence  to  the  ancients 
burning  them  uniformly,  after  they  had  l)cen  thoroughly  dried. 
No  doubt  can  be  entertained,  that  if  modern  brickmakers  were 
to  pay  more  attention  to  their  art,  by  digging  the  clay  at  pro- 
per seasons,  exposing  it  much  longer  to  the  air  than  is  done 
at  present,  working  it  suBitiently,  bestowing  more  care  upon 
tbe  burning  of  the  bricks,  and  that  the  latter  operation  may  be 
done  uniformly,  making  them  much  thinner  tlian  is  prescribed 
by  the  standard  form,  we  should  be  provided  with  bricks  equal 
in  point  of  strength  and  durability  to  the  best  of  former  times. 
In  a  variety  of  instances,  persons  may  have  it  in  their  power 
to  obviate  some  of  these  causes  of  defect,  and  it  is  therefore 
proper  to  mention  them  ;  but  the  state  of  society  is  not  favour- 
able to  any  general  change  in  the  .system  «hich  brickmakers 
pursue;  the  expedition  with  which  a  given  number  of  bricks 
can  be  furnished,  and  the  cheapness  of  the  rate  at  which  they 
can  be  manufactured,  are  to  them  the  primary  objects  of  con- 
iideration;  and  the  speculative  builder  cares  little  about  the 
real  value  and  durability  of  his  edifice,  provided  the  difierence 
between  the  cost  and  sale  price  is  sufficiently  ample  to  recom- 
pense him  to  his  satisfaction. 

It  is  an  erroneous  notion  that  bricks  may  be  mndo  nf  any 
caith  that  is  not  stony,  or  even  of  sea  ooze  ;  too  much  sand 
enteiiug  into  their  composition,  renders  them  heavy  auci  brittle, 
and  too  much  fat  argillaceous  matter  causes  them  to  crack  in 
drying:  those  only  will  burn  red  which  contain  iron  particles. 
In  England  they  are  chiefiy  made  of  a  motley,  yellowish,  or 
somewhat  reddish  fat  clayey  earth,  commonly  called  lunm. 
Those  of  Stourbridge  clay,  and  Windsor  loam,  are  csteetued 
the  most  proper  and  durable  bricks,  and  they  will  stan<l  very 
lii:;h  degrees  of  heat  without  melting.  The  common  potter's 
clay,  which  is  also  employed  in  the  manufacture  of  bricks,  is 
found  to  consist  of  thirty-seven  parts  of  pure  argillaceous  or 
clayey  earth,  and  sixty-three  parts  of  siliceous  or  flinty  earth. 

Of  whatever  description  the  earth  intended  for  bricks  may 
be,  it  ought  to  be  dug  between  the  beginning  of  July  and  the 
latter  end  of  October,  before  the  first  frost  appears;  it  should 
be  repeatedly  worked  witli  the  spade  during  the  winter,  and 
not  formed  into  bricks  till  the  folloiiing  spring.  If  the  earth 
were  not  used  till  two  or  three  years  after  it  had  been  dug,  the 
quality  of  the  bricks  would  be  materially  improved  ;  and  in  all 
cases,  the  oflener  it  is  turned,  and  the  more  completely  it  is  in- 
corporated, the  better  will  be  the  bricks. 

The  clay,  before  it  is  put  into  pits  for  soaking,  must  be 
broken  as  small  as  possible,  and  allowed  to  lie  at  least  ten 
days;  every  stratum  of  twelve  inches  should  be  covered  with 
water,  in  order  that  it  may  be  uniformly  softened.  Two  pits, 
at  least,  will  be  necessary  for  every  brick  manufactory,  so 
jhat,  after  having  been  suffered  to  remain  for  five  days,  the 
second  may  be  prepared,  and  thus  the  manufacture  cairied  on 
viithout  interruption.  The  earth  should  as  much  as  possible 
be  divested  of  stony  particles,  and  other  extraneous  matter, 
and  should  have  sullicuent  time  to  mellow  and  ferment,  other- 
vifise  it  will  be  difficult  to  temper.  On  the  treading  and  temper- 
ing, twice  the  customary  quantify  of  labour  ought  to  be  be- 
stowed. JIuch  of  the  goodness  of  bricts  depends  upon  the 
proper  management  of  its  first  preparation,  for  the  earth  itself, 
previous  to  its  bdn"  wroui-ht    possesses  very  little  tenacity  ; 


but  by  long  exposure  to  the  air  and  frost,  and  thoroughly  work- 
ing and  incorporating  it  together,  it  is  converted  into  a  toui^h, 
gluey  substance,  in  which  state  alone  it  is  fit  for  moulding. 

In  the  vicinity  of  London,  coal  ashes,  and  in  other  parts  of 
the  country,  light  sandy  earth,  is  usually  mixed  with  ihe  clay, 
which,  with  such  addition,  is  more  easily  and  expeditiously 
vvrought,  and  requiring  rather  less  fuel,  occasions  some  savin"- 
in  the  expense  of  burning  the  bricks  ;  but  here  the  ad\antages 
of  it  terminate  ;  in  other  respects  it  is  injurious  rather  than 
otherwise.  If,  in  tempering  the  earth,  too  much  water  be  used, 
the  bricks  become  dry  and  brittle;  but  if  duly  tempered,  they 
will  be  smooth,  solid,  hard,  and  durable.  A  brick  properly 
made,  requires  nearly  as  much  earth  as  a  brick  and  a  half 
made  in  the  common  way,  when  too  great  a  propoition  of 
water  has  been  added,  which  tends  to  render  the  bricks 
spongy,  light,  and  full  of  (laws.  As  bricks  made  in  the  best 
manner  are  more  solid  and  ponderous  than  the  common  ones 
they  require  a  much  longer  time  to  dry;  they  ought  not  to  be 
burnt  till  they  will  give  a  hollow  sound  on  collision.  Proper 
attention  to  the  drying  of  bricks  is  necessary  to  prevent  their 
cracking  and  crumbling  in  the  kiln. 

Of  whatever  materials  the  kiln  be  constructed,  each  burning 
of  from  six  to  ten  thousand  bricks  requires  the  fire  to  be  kept 
up  at  least  for  twenty-four  hours,  and  double  that  time  for  a 
number  of  from  twe-ve  to  fifty  thousand.  The  uniform 
increase  of  heat  deserves  particular  attention;  its  duratioQ 
should  be  regulated  according  to  the  season :  in  cold  weather 
fire  burns  most  fiercely.  During  the  last  twenty-four  hours 
the  fire  should  be  uninterruptedly  supported  by  means  of  flues , 
but  afterwards  the  tire  should  not  be  suddenly  closed,  as  there 
is  always  some  danger  of  bursting  the  Hues  or  melting  the 
bricks. 

The  following  experiment,  by  Gallon,  made  with  a  view  to 
ascertain  the  difl'crencc  in  the  quality  of  bricks  difl'erently 
manufactured,  deserves  to  be  generally  known.  A  certain 
quantity  of  the  earth  prepared  for  moulding  into  bricks  was 
taken  for  the  experiment ;  at  the  end  of  seven  hours,  it  was 
moistened  and  beaten  for  the  space  of  thirty  minutes.  The 
next  morning  the  same  operation  was  repeated  for  an  equal 
length  of  time  ;  in  tlie  afternoon  it  was  again  beaten  for  fifteen 
minutes.  Thus  this  earth  had  not  only  been  worked  for  an 
hour  and  a  quarter  longer  than  usual,  but  at  three  different 
times;  the  consequence  was,  that  its  density  was  increased; 
for  a  brick  made  of  it  w  eighed  five  pounds  eleven  ounces,  v\  hile 
another  brick  made  in  the  same  mould,  of  the  earth  that  had 
not  received  this  preparation,  weighed  only  five  pounds  seven 
ounces.  The  two  sorts  of  bricks  were  dried  in  the  air,  for  the 
spa<'e  of  thirteen  days  ;  they  were  then  burnt  with  others,  with- 
out any  particular  precautions,  and  when  they  were  taken  from 
the  kiln,  it  was  found  that  the  bricks  made  of  the  earth  which 
had  been  most  worked,  still  weighed  four  ounces  more  than 
the  others,  earh  having  lost  five  ounces  by  the  evaporation  of 
the  moisture.  They  difiercd  also  very  remarkably  in  strength, 
for  on  placing  them  with  the  centre  on  a  sharp  edge,  and  load- 
ing the  tv<'o  ends,  the  bricks  formed  with  the  well-tempered 
earth  were  not  broken  with  a  less  weight  than  sixty-five  pounds, 
or  one  hundred  and  thirty  pounds  in  all ;  while  the  others  were 
broken  with  thirty-five  pounds  at  each  end,  or  seventy  pounds 
ill  the  whole.  That  the  quality  of  bricks  should  be  improved, 
by  bestowing  more  labour  upon  the  preparation  of  the  earth, 
will  hardly  excite  surprise,  though  the  degree  of  the  improve- 
ment, as  just  stated,  may  certainly  be  considered  remarkable; 
but  there  is  another  mode  of  strengthening  these  artificial 
stones,  still  more  extraordinary,  and  not  so  easily  to  be 
accounted  for.  Golilham  observes,  lliat  bricks  which  have 
been  once  burnt,  then  steeped  in  water,  and  burnt  again, 
become  doubly  strong.  We  know  not  that  this  observation, 
which  is  repeated  without  comment,  by  nearly  all  the  writers 
who  have  occasion  to  treat  of  this  subject,  will  always  be  veri- 
fied in  practice  ;  but  it  deserves  attention,  from  the  number  and 
respectability  of  the  writers  who  have  contributed  to  give  it 
currency. 

The  following  is  a  description  of  the  best  method  of  making 
bricks,  with  all  the  improvements  that  have  been  introduced 
within  the  last  few  years. 

The  earth  most  proper  for  making  the  country  or  kiln-burnt 
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tricks,  which,  from  containing  ferruginous  particles,  always 
burn  red,  is  a  stiff  clay,  which  is  tempered  alone,  formed  in 
moulds,  dried  in  the  air  and  sun,  and  baked  in  a  kiln  like  pot- 
tery. These  sort  of  bricks  are  hard  and  red,  somelimes  with 
dark  gray  or  black  ends,  which,  as  often  seen  in  our  villafccs, 
the  country  bricklayers  dispose  in  various  figures  of  dates, 
chequei  work,  and  similar  forms.  They  are  unlit  for  cutting 
and  rubbing  for  gauged  work,  which  is  always  performed  with 
a  milder  sort,  called  red  rubbers. 

The  earth  selected  as  the  most  fit  for  making  common  bricks 
after  the  Loijdon  mode,  is  a  clayey  loam  ;  and  that  for  the 
superior  sort,  such  as  those  which  are  used  for  facing  build- 
ings, called  malm  slock  bricks,  is  a  lighter  sort  of  loam,  in 
which  marl  is  found,  frequently  met  with  from  two  to  three 
feet  below  the  clayey  loam. 

The  earth  having  been  dug  in  autumn,  the  workmen  are  to 
be  employed  during  the  winter  in  preparing  it  for  the  ensuing 
season.  This  is  done  by  removing  the  vegetable  mould  from 
the  surface,  which  is  called  uncalluuinr/,  and  placing  coal  ashes 
in  proportion  of  two  inches  in  thickness  to  every  foot  deep  of 
eaith,  which  is  twelve  chaldron  of  coal  ashe,  or  hercze,  as  it  is 
called,  to  every  hundred  thousand  of  bricks,  and  mixing  tliem 
together  in  digging  the  earth;  because  the  composition  is 
improved  in  proportion  as  it  is  exposed  and  acted  upon  by  the 
frost,  rain,  and  wind.  The  mixture  is  then  generally  turned 
over  once  after  it  has  been  dug,  but  is  seldom  suffered  to 
remain  in  this  state  of  preparation  longer  than  one  winter 
before  it  is  used,  as  it  would  be  inconvenient  to  the  manufac- 
turer from  the  space  it  thus  occupies  ;  and  it  is  considered  not 
to  improve  the  earth  so  much  as  it  deteriorates  the  combustible 
cjualities  of  the  ashes. 

When  the  prepared  soil  has  thus  endured  a  winter's  prepa- 
ration, it  is  delivered  over  about  Lady-day  to  the  charge  of 
the  brickmaker,  or  ynoulder,  as  he  is  called  ;  and  the  first  thing 
to  be  attended  to  in  the  formation  of  sound  bricks,  is  temper- 
ing the  earth.  This  was  formerly  done  by  a  gang  of  six  per- 
sons, employed  and  paid  by  the  moulder,  who  makes  them 
from  the  lieap  till  laid  on  the  hack  to  dry  by  the  thousand  ;  and 
an  active,  industrious,  skilful  man  can,  with  these  assistants, 
who  are  often  his  wife  and  children,  mould  from  six  to  seven 
thousand  in  a  day,  calculating  from  five  o'clock  in  the  morning 
till  eight  at  night.  One  of  this  gang  tempered  and  prepared 
the  earth  wi'th  a  long  hoe,  by  which  he  pulled  it  from  the  lieap; 
a  shovel,  with  which  he  chopped  it  backwards  and  forwards, 
turning  it  as  ofien  as  he  found  it  necessary,  incorporating  the 
ashes,  sand,  and  earth  thoroughly  together ;  and  a  wooden 
scoop,  with  which  he  threw  water  over  the  mass  in  preparation, 
to  bring  it  to  a  more  ductile  stale.  The  great  difliculty  of 
having  this  operation,  on  which  so  much  of  the  success  of  the 
manufacture  depends,  well  performed,  has  occasioned  the 
iutrodnction  into  extensive  works  of  machines  called  i»ir/-mills, 
into  which  the  prepared  earth  is  wheeled  after  it  is  mixed  with 
a  proper  quantity  of  water.  Care  should  be  taken,  whether 
the  tempering  be  done  by  men  or  the  mill,  that  too  much  water 
he  not  used,  as  the  more  solid  the  btick  is  delivered  from  the 
mould,  the  better  it  retains  its  form  on  the  hack  where  it  is 
set  to  dry  ;  the  less  it  shrinks  in  drying,  the  sooner  it  dries, 
and  the  better  and  more  shapely  it  burns. 

When  the  mass  is  sulliciently  mixed,  by  cither  of  the  above 
modes,  it  is  laid  in  small  parcels,  well  kneaded,  on  the  moidd- 
ing  table,  which  is  covered  with  dry  sand.  The  moulder 
throws  it  smartly  into  the  mould,  presses  it  down  to  lill  all  the 
cavity,  and  strikes  off  the  overplus  with  a  stick  previously 
dipped  in  water.  He  then  turns  the  newly  formed  brick  from 
the  mould  on  to  a  thin  board,  larger  than  the  brick,  which  is 
removed  by  a  boy  to  a  light  latticed  wheelbarrow,  and  is  thus 
conveyed,  covered  slightly  wiih  fine  dry  sand,  to  the  hacks  to 
dry.  The  bricks  are  arranged  on  the  hacks  with  great  regula- 
rity one  above  the  other,  a  little  diagonally,  in  order  to  give  a 
free  passage  to  the  air.  In  showery  weather  the  piles  are 
usually  protected  from  its  injurious  efi'cets  by  some  cheap 
covering,  such  as  straw,  or  old  light  boards.  In  grounds  not 
very  extensive,  sheds  are  somelimes  erected. 

When  the  brickj  are  sufficiently  dried  in  the  hack,  which  in 
fine  weather  may  be  in  about  nine  or  ten  days,  they  are  ready 
for  the  fire,  which  completes  the  operation.  It  is  of  the  great- 
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est  consequence  to  the  quality  of  the  bricks,  that  they  should 
be  thoroughly  dry  before  they  are  set  in  the  clamp  or  stack, 
which  can  only  be  ascertained  by  breaking  a  few  in  halves, 
selected  from  various  parts  of  the  hack.  If  the  operation  of 
drying  in  the  hack  be  not  thoroughly  performed,  the  bricks  will 
never  burn  sound  ;  and  the  moisture  which  ascends  from  them 
in  the  form  of  vapour,  renders  the  upper  courses  in  the  clamp 
peculiarly  unsound. 

The  clamps  are  generally  of  an  oblong  form,  and  contaia 
from  one  hundred  thousand  to  half  a  million  of  bricks.  The 
thickness  of  the  walls  should  at  least  be  a  brick  and  a  half. 
Bricks  are  burned  in  kilns  with  less  fuel,  and  with  greater  uni- 
formity and  expedition,  than  in  clamps.  When  they  have  been 
set  or  placed  in  the  kiln,  they  are  covered  « ith  pieces  of  bricks 
or  tiles,  and  dried  by  kindling  a  gentle  fire,  which  is  kept  up 
for  t«o  or  three  days,  or  till  the  smoke  becomes  light.  .More 
fuel  is  then  added,  and  the  mouth  or  mouths  of  the  kiln  are 
nearly  closed  with  bricks  and  v.et  clay  ;  as  soon  as  the  arches 
of  the  kiln  look  white,  and  the  fire  begins  to  appear  at  the 
top,  they  slacken  the  heat  for  an  hour,  and  let  all  cool  by 
degrees.  This  they  continue  to  do,  alternately  heating  and 
slacking,  till  the  bricks  are  thoroughly  burnt,  which  is  usually 
efl'ected  in  forty-eight  hours. 

The  stacks  or  clamps  are  built  of  the  bricks  themselves. 
The  foundation  is  commonly  somewhat  raised  from  the  sur. 
rounding  ground,  and  of  an  oblong  form  ;  the  sides  slant 
inwards  a  little  towards  the  top  ;  hence  the  clamp,  in  its  figure, 
is  a  truncated  pyramid.  Flues,  about  the  length  of  a  brick  in 
breadth,  are  made  entirely  through  the  clamp  ;  they  are  aboat 
six  feet  apart  when  the  burning  is  to  be  hastened,  otherwise 
they  are  made  about  nine  feet  from  each  other.  The  arching 
of  the  flues  is  performed  by  laying  the  successive  layers  of 
bricks  a  little  over  the  edge  of  those  below  them,  till  they 
nearly  meet,  and  then  a  binding  brick  at  the  top  finishes  the 
arch.  In  every  direction,  the  bricks  are  separated  from  each 
other  by  a  stratum  of  coals  and  cinders.  To  facilitate  setting 
fire  to  the  clamp,  a  quantity  of  wood  is  laid  with  the  coal  in 
the  flues.  When  the  fire  is  kindled,  if  it  burn  strongly,  or  the 
weather  is  precarious,  they  plaster  the  oulsides  of  the  clamp 
with  clay,  and  dose  the  apertures  of  the  flues.  On  the  top  of 
the  clamp,  a  thick  layer  of  breesc  (cinders)  are  uniformly  laid. 
When  the  whole  of  the  fuel  is  consumed,  the  manufacturer 
concludes  that  the  bricks  are  sufficiently  burnt.  The  opera- 
tion requires  from  twenty  to  thirty  days,  according  to  Ibe 
quantity  of  fuel,  the  proximity  of  the  flues,  and  the  stale  of  the 
weather.  When  the  process  has  been  properly  conducted, 
those  in  the  interior  of  the  clamp  are  hard,  square,  and  of  a 
good  bright  colour.  These  are  the  stock  bricks  of  the  London 
market. 

The  preparation  of  the  loam,  marl,  ooze,  chalk,  S;c.  with 
which  the  beautiful  yellow  malm  stnck  of  London,  and  the  pale 
bricks  of  the  Ipswich  sort,  are  made,  requires  more  attention, 
and  a  longer  and  more  careful  process.  The  earth  and  other 
ingredients  with  which  the  soil  for  malm  bricks  are  composed, 
are  wheeled  into  a  mill  with  a  due  proportion  of  water.  This 
composition  is  then  ground  in  the  r-JII,  which  is  supplied  with 
two  sets  of  knives  and  harrows,  and  runs  out  in  a  slate  of  thick 
mud  or  sludge  through  wooden  spools,  inlo  hacks  which  are 
raised  near  Ihe  mill.  It  is  there  left,  lill  by  the  water  soaking 
aw.TV,  and  by  al)S(irplion,  it  accjuircs  a  suflicicnt  consistency  or 
solidity  to  be  kneaded  fortlic  moulder.  The  moulding,  drying 
on  the  liacks,  and  burning  in  Ihe  clamps,  is  performed  exactly 
as  before  described  for  common  stocks,  but  with  more  care  and 
precaution. 

As  marl  is  not  always  to  be  found  where  malm  stock  bricks 
are  required,  the  method  used  by  Mr.  Lee,  of  Lcwishain, 
is  so  good  a  substitute,  that  it  is  worthy  the  attention  of  build- 
ers, who  may  wish  to  manufacture  these  beautiful  brii-ks  wilh- 
out  marl.  After  many  experinicnls.  occasioned  by  the  paucity 
of  marl  in  the  London  districts.  Mr-  Lcc  discovered  that  chalk, 
mixed  in  certain  proportions  with  the  loam,  and  irc.Tled  in  Ihe 
usual  manner,  produced  an  excellent  subsiiuile.  For  Ibis 
discovery  he  took  out  a  patent,  which  having  now  expired,  this 
mode  of  mixing  a  small  (pianlily  of  chalk  with  Ihe  brick  earth, 
is  generally  adopted  roirnd  London,  for  the  purpose  of  giving 
colour  and  soundness  to  the  brick.  .\t  EmsMortli,  in  Ilauip- 
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shire,  ami  at  Southampton,  ooze  or  slutlse  frora  the  sea  shore, 
which  contains  much  saline  matter,  is  used  for  a  similar  pur- 
pose ;  but  liowever  sound  these  bricks  are,  tliey  have  neither 
the  rich  brimstone  colour  of  the  London  malm  stock,  nor  the 
rejruhir  stone-coloured  creamy  hue  of  the  Ipswich  bricks. 

Bricks,  like  most  other  useful  articles  in  this  country,  are 
subject  to  a  duty,  and  form  an  important  part  of  the  annual 
revenue  of  the  government.  They  are  also  subject  to  a  re<;n- 
lation  as  to  size.  By  the  17th  Geo.  III.  cap.  42,  all  bricks 
made  for  sale,  shall,  «  hen  burned,  be  not  less  than  eight  and 
a  half  inches  long,  four  wide,  and  two  and  a  half  thick;  and  by 
43  Geo.  III.  cap.  09,  which  consolidated  the  excise  duties, 
every  thousand  bricks  made  in  Great  Britain,  not  exceeding 
ten  inches  long,  three  inches  thick,  and  five  inches  wide,  are 
liable  Id  a  duty  of  five  shillings  ;  and  exceeding  these  dimen- 
sions, 10  ton  shillings. 

The  principal  brii  ks  used  in  the  United  Kingdom,  are  stock 
and  pliice  bricks,  from  the  stock  brick  clamp:  malm  stocks,  cut- 
ters, seconds,  and  pavers,  from  the  malm  clamp.  Hed  stocks, 
pavivff  bricks.  Jire  bricks,  foot  and  ten-inch  tiles,  from  strong  clay, 
and  burned  in  a  kiln.  Of  the  Jire  bricks,  the  best  are  from 
Windsor,  Stourbridge,  Wales,  and  some  of  the  iron  counties. 
The  AVelsh  are  excellent,  and  will  stand  extreme  beat ;  they 
are  made  of  large  sizes  for  the  boilers  of  sugar-houses,  brewers' 
coppers,  Sec.  and  arc  called  Welsh  lumps. 

The  place  bricks  and  stocks  are  used  in  common  walling  ; 
the  marls  are  made  in  the  neiglibourhood  of  London  ;  these  are 
very  beautiful  bricks,  of  a  tine  yellow  colour,  hard,  and  well 
bitint,  and  in  every  respect  superior  to  the  stocks.  The  finest  kind 
of  marl  and  red  bricks  are  called  cutting  bricks  ;  they  are  used 
in  the  arches  over  windows  and  doors,  being  rubbed  to  a  cen- 
tre, and  gauged  to  aheiglit. 

An  acre  of  land,  including  the  ashes  mixed  with  the  earth, 
is  computed  to  yield  about  one  million  of  bricks  for  every  foot 
in  depth.  Tlie  brick  mould  is  ten  inches  in  length,  and  three 
in  breadth,  and  the  finished  bricks  are  about  nine  inches  long, 
four  and  a  half  broad,  and  two  and  a  half  thick.  Different 
qualities  of  earth,  however,  produce  bricks  of  dilferent  dimen- 
sions from  the  same  mould  ;  and  even  the  same  earth,  in  pro- 
portion as  it  is  more  or  less  wrought  or  burnt,  exhibits  similar 
results. 

It  is  extremely  probable  that  bricks,  properly  made,  would 
prove  superior  in  durability  to  almost  every  kind  of  stone. 
In  Holland,  the  streets  are  every  where  paved  with  a  hard  kind 
of  bricks,  known  by  us  under  the  name  of  clinkers,  which  arc 
often  imported  into  this  country,  and  used  for  paving  stables 
and  court  yards  ;  and  houses  in  Amsterdam,  which  have  stood 
more  than  two  eentuiies,  so  far  from  being  decayed,  appear 
perfectly  fresh  as  if  new. 

The  numerous  patents  which  have  been  granted  for  the 
making  of  bricks,  appear  to  have  had  improvements  in  the 
formation  of  the  article  for  their  principal  object,  without  much 
regard  to  the  materials  of  which  it  is  composed.  Cartwright's 
patent,  the  exclusive  privilege  conferred  by  which  has  now 
expired,  is  perhaps  one  of  the  most  important.  His  improve- 
ment consists  in  giving  bricks  such  a  shape  or  form  that  they 
shall  mutually  lock  or  cramp  each  other.  The  principle  of  his 
invention  may  be  understood,  by  supposing  the  two  opposite* 
sides  of  a  common  brick  to  have  a  groove  or  rabbet  down  the 
middle,  a  little  more  than  half  the  width  of  the  side  of  the 
brick  in  which  it  is  made  ;  there  will  then  be  left  a  shoulder 
on  each  side  of  the  groove,  each  of  which  shoulders  will  be 
nearly  equal  to  one  quarter  of  the  width  of  the  side  of  the 
brick,  or  to  one-half  of  the  groove  or  rabbet.  A  course  of 
these  bricks  being  laid  shoulder  to  shoulder,  they  will  form  an 
indented  line  of  nearly  equal  divisions;  the  grooves  or  rabbets 
being  somewhat  wider  than  the  two  adjoining  shoulders,  to 
allow  for  mortar,  &c.  When  the  next  course  comes  on,  the 
shoulders  of  the  bricks  which  compose  it,  will  fall  into  the 
grooves  of  the  first  course  ;  and  the  shoulders  of  the  first 
lourse  will  fit  into  the  grooves  or  rabbets  of  the  second,  and 
so  on.  This  configuration  of  the  bricks  is  to  be  preferred,  as 
it  is  perfectly  simple  ;  but  the  principle  will  be  preserved  by 
whatever  form  of  indenture  they  lock  or  cramp  each  other. 
For  the  purpose  of  turning  the  angles,  it  may  be  expedient  to 
have  bricks  of  such  a  size  and  shape  as  to  correspond  with 


each  wall  respectively,  though  this  is  not  absolutely  necessary, 
as  the  grooves  iu  the  bricks  of  each  wall,  where  they  cross  or 
meet  each  other,  may  be  levelled,  and  the  bricks  lap  over  as 
in  the  common  mode.  For  the  purpose  of  breaking  the  joints 
in  the  depth  of  the  wall,  bricks  will  be  required  of  difl'erent 
lengths,  though  of  the  same  width.  Buildings  constructed 
with  bricks  of  this  principle,  will  require  no  bond  timber,  one 
universal  bond  running  through  and  connecting  the  whole 
building  together;  the  walls  of  which  can  neither  crack  nor 
bulge  out,  without  breaking  through  the  bricks  themselves. 

When  bricks  of  this  form  are  used  for  the  construction  of 
arches,  the  sides  of  the  grooves  or  rabbets,  and  the  shoulders, 
should  be  the  radii  of  the  circle  of  which  the  intended  arch  is 
to  be  the  segment.  In  forming  an  arch,  the  bricks  must  be 
coursed  across  the  centre  on  which  the  arch  is  turned,  and  a 
grooved  side  of  the  bricks  must  face  the  workman.  It  may 
be  expedient,  though  not  absolutely  necessary,  in  laying  the 
first  two  or  three  courses  at  least,  to  begin  at  the  crown  and 
work  downwards.  The  bricks  may  be  either  laid  in  mortar,  or 
dry,  and  the  interstices  afterwards  filled  and  wedged  up,  by 
pouring  in  lime  putty,  plaster  of  Paris,  grouting,  or  any  other 
convenient  material,  at  the  discretion  of  the  workman  or 
builder.  Arches  on  this  principle,  it  is  stated,  having  no 
lateral  pressure,  can  neither  expand  at  the  foot,  nor  spring  at 
the  crown,  consequently  they  will  want  no  abutments,  requir- 
ing only  perpendicular  walls  to  be  let  into,  or  to  rest  upon  ; 
and  they  will  want  no  incumbent  weight  upon  the  crown  to 
prevent  their  springing  up,  a  circumstance  often  of  great  im- 
portance in  the  construction  of  bridges.  Another  advantage 
attending  this  mode  of  arching  is,  that  the  centres  may  be 
struck  immediately  ;  so  that  the  same  centre  (which  in  no  case 
need  be  many  feet  wide,  whatever  may  be  the  breadth  of  the 
arch)  may  be  regularly  shifted  as  the  «  ork  proceeds.  But  the 
greatest  and  most  striking  advantage  attending  this  invention, 
is  the  absolute  security  it  afi'ords  (and  at  a  very  reasonable 
rate)  against  the  possibility  of  fire  ;  for,  from  the  peculiar  pro- 
perties 01  this  arch,  requiring  no  abutments,  it  may  be  laid 
upon,  or  let  into,  common  walls,  no  stronger  than  what  are 
required  for  timbers,  of  which,  precluding  the  necessity,  it 
saves  the  expense.  A  more  particular  account  of  this  inven- 
tion, illustrated  by  two  plates,  may  be  seen  in  the  third  volume 
of  the  "Repertory  of  .^rts  and  Manufactures." 

In  1798,  Francis  Farquharson,  of  Birmingham,  obtained  a 
patent  for  making  bricks  and  tiles  by  machinery  ;  and  indeed 
the  use  of  horse  power,  iu  working  the  clay,  is  now  very 
common. 

Whitmore  Davis,  of  Castle  Comber,  in  the  county  of 
Kilkenny,  Ireland,  observed  some  persons  in  the  vicinity  of  a 
colliery,  to  employ  a  mortar,  for  the  backs  of  their  grates, 
which  in  a  short  time  became  very  hard.  This  substance 
he  found,  on  inquiry,  to  be  what  miners  term  seat-coal,  or 
that  fossil  which  lies  between  coal  and  the  rock.  It  has 
been  examined  by  Kirwan,  who  is  of  opinion  that  it  will, 
when  mixed  with  a  due  proportion  of  clay,  produce  a  kind  of 
bricks,  capable  of  resisting  the  action  of  fire,  and  conse- 
quently well  calculated  for  furnaces,  or  similar  structures. 
The  discovery  of  the  use  of  this  substance  is  considered  im- 
portant, and  it  is  further  observed,  that  seat-coal,  properly 
prepared,  will  answer  every  purpose  of  tarras,  for  buildings 
beneath  water. 

In  building,  a  considerable  waste  of  time  arises  from  the 
necessity  of  makirrg  bricks  less  than  the  common  size,  to  suit 
particular  situations.  Nor  is  the  waste  of  time  the  sole  loss; 
in  attempting  to  divide  a  brick,  especially  in  the  direction  of 
its  length,  one  half  of  it  is  generally  reduced  to  useless  splin- 
ters ;  but  bricks  have  lately  been  made,  which  in  their  soft 
state  were  nearly  cut  through  by  pressing  a  wire  upon  them  ; 
they  can  then  be  divided  by  a  single  blow:  a  proportion  of 
them,  along  with  the  common  sort,  produces  on  the  whole  a 
saving  of  some  moment. 

It  is  of  considerable  importance  to  examine  clay  before  it  is 
made  into  bricks,  in  order  to  ascertain  whether  any  addition 
can  be  made  to  it  which  will  improve  its  (piality.  According 
to  the  observation  of  Bergman,  the  proportion  of  sand  to  be 
used  with  any  clay,  must  be  greater,  the  more  such  clay  is 
found  to  contract  in  burning,  but  the  best  clays  are  such  as 


H  0  U 


DICTIONARY   OF   MECHANICAL   SCIENCE. 


H  O   U 


4(J7 


require  no  sand.  This  illustrious  cliemist  recommends  tlic 
following  mode  of  analysis  to  manufacturers  :  Nitric  acid 
poured  upon  unburncd  clay,  detects  the  presence  of  lime,  by 
producing  an  effervescence.  Calcareous  clays,  or  marls,  are 
often  the  fittest  materials  for  making  bricks.  Id  the  next 
place,  a  lump  of  clay,  of  a  given  weight,  is  to  be  diffused  in 
water  by  agitation.  The  sand  will  subside,  and  the  clay 
remain  suspended. 

Paving  tiles  are  a  long  flat  kind  of  brick,  used  for  laying 
the  floors  of  kitchens,  dairies,  cellars,  &c.  Two  or  three 
sizes  of  them  are  generally  made  :  the  least  of  English  manu- 
facture are  about  tlie  same  length  and  breadth  as  common 
bricks;  the  largest  are  about  twelve  inches  square;  a  middle 
size,  about  nine  inches  square,  is  also  in  common  use.  The 
thickness  of  all  the  sizes  of  paving  tiles  is  only  about  an  inch 
and  a  half.  They  are  made  of  the  strwigest  kind  of  clay,  and 
well  burnt.  Paving  tiles  or  bricks  look  the  best  when  laid 
diagonally. 

The  most  common  tiles  for  roofs  are  those  called  pan  tiles, 
which  are  thirteen  inches  long  and  eight  broad,  and  about 
half  an  inch  thick  ;  they  are  curved  in  the  direction  of  their 
length,  so  that  their  transverse  section  is  a  figure  of  contrary 
curvature,  like  the  letter '/j  ;  the  hollow  of  one  side  serves  as 
a  channel  for  the  rain,  and  for  that  purpose  is  made  of  greater 
radius  than  the  other,  which  is  empliijed  to  overlap  the  edge 
of  the  adjoining  tile.  The  tile  at  the  upper  end  of  its  under 
surface  has  a  knob,  by  which  it  is  hung  to  the  lath.  Tiles 
constitute  a  very  heavy  covering,  and  require  the  laths  by 
which  they  are  supported  to  be  propoitionately  strong.  The 
laths  for  pan  tiles  are  about  three-quarters  of  an  inch  thick, 
and  an  inch  and  a  quarter  broad  ;  they  are  generally  made  of 
deal.  The  other  sorts  of  tiles  are  chiefly  plain  tiles,  hip  tiles, 
and  ridge  tiles;  the  latter  resemble  half  a  hollow  cylinder, 
and  are  laid  on  the  ridges  of  houses.  Ridge  tiles  are  required 
by  statute  to  be  thirteen  inches  in  length,  and  six  inches  and 
a  half  in  breadth.* 

In  Holland,  they  frequently  glaze  their  roofing  tiles,  which 
increases  their  durability,  but  considerably  enhances  the  price 
of  them.  The  early  destruction  of  unglazed  tiles  is  occasioned 
by  the  moisture  they  imbibe  ;  for  when  the  water  has  sunk  into 
them,  they  break  with  the  action  of  the  frost.  Sonini  has, 
however,  discovered  an  excellent  preventive  of  this  cll'ect, 
nearly  equal  to  glazing,  and  very  cheap;  he  directs  us  to 
brush  over  the  tiles  with  tar,  after  they  have  been  well  warmed 
in  the  sun.  Tiles  which  have  been  cracked  by  the  frost,  may 
be  preserved  from  the  further  influence  of  the  same  cause,  by 
the  like  application- 

Of  the  Touts  used  in  Bricklai/ing. — The  brick  trowel,  which  is 
used  for  taking  up  and  spreading  the  mortar,  is  also  used  for 
cutting  the  bricks  to  any  required  size,  and  should  therefore  be 
made  of  the  best  steel,  and  well  tempered. 

The  hammer  used  by  the  bricklayer,  is  adapted  either  to 
stiike  a  blow,  or  to  divide  the  bricks,  as  may  be  required  in 
cutting  a  hole  through  a  brick  wall,  or  other  operations-  One 
end  of  the  head  of  it  has  therefore  a  face  similar  to  that  of  anj 
common  hammer,  and  the  shape  of  the  other  end  resembles 
that  of  a  carpenter's  axe,  though  far  narrower  in  proportion  to 
its  length.  The  handle  is  inserted  much  nearer  the  face  of 
the  hammer  than  the  other  extremity  or  edge.  Another  kind 
of  hammer,  often  employed  in  taking  down  brick-work,  diflcrs 
from  the  above  only  in  having,  instead  of  the  axe  part,  nearly 
the  shape  of  an  adze,  but  not  so  broad  for  its  length  ;  hence  it 
may  be  driven  with  facility  between  bricks  to  separate  them. 

The  jylumb-rule  is  similar  to  that  used  by  carpenters  and 
other  artisans.  It  consists  of  a  well-seasoned  board,  the  length 
of  which  should  at  least  he  four  feet ;  its  Ihirkness  and  hrea(ltli 
are  not  very  material,  provided  they  be  sullicient  to  prevent  its 
warping.     Down  the  middle  of  one  of  the  broad  surfaces  of 

•  Bihk-waler,  ur  water  impreRnaled  willi  the  contents  of  bricks  or  (ilcs,  is 
po8«esae<l  of  properties  so  remarkiiljle,  and  at  the  same  linio  so  pernicious  in 
ihelr  etTccts,  when  used  for  culinary  purposes,  lliat  we  cannot  refuse  a  place 
to  the  following  curious  experiment  made  by  Dr.  I'ercival,  and  stated  in  llie 
tirfit  volume  of  his  Essays.  He  steeped  two  or  three  pieces  of  coniniou  brick 
four  days  in  a  basin  full  of  distilled  water,  which  he  afterwards  decanted  otT, 
«nd  examined  by  various  chemical  tests.     It  was  not  miscible  with  foap  ; 


the  board  is  drawn  a  straight  line,  and  at  one  extremity  in  this 
line  is  attached  a  small  cord  with  a  weight  at  the  lower  end. 
If  the  long  narrow  sides  of  the  role  be  perfectly  straight  and 
parallel  with  each  other,  and  the  line  is  e(|uidistant  from  the 
arris  on  each  side  of  it,  the  plummet  being  hung  in  this  line 
will  form  a  correct  instrument.  Either  of  the  long  narrow 
sides  of  this  rule  is  applied  to  the  wall,  so  that  the  plummet 
and  its  cord  may  face  the  workman,  who,  by  frequently  using 
it,  is  enabled  to  carry  up  his  wall  perpendicularly.  If,  in  any 
of  these  trials,  he  observes  that  the  cord  of  the  plummet  does 
not  coincide  with  the  line  on  the  rule,  he  sets  the  bricks  fur- 
ther in  or  out,  as  may  be  required  to  rectify  the  error,  taking 
care  to  do  it  while  the  mortar  they  are  set  in  is  yet  wet.  .\s 
the  plummet  is  not  made  to  hang  below  the  rule,  a  hole  is  cut 
in  the  latter,  to  allow  the  cord  t<i  hang  straight. 

The  level  employed  by  the  bricklayer,  is  also  similar  to  that 
of  the  carpenter,  being  of  various  lengths  from  six  to  twelve 
feet.  If  one  end  of  the  plumb-rule  above-mentioned  were 
joined  at  right  angles  to  the  middle  of  the  long  narrow  edge 
of  another  board  of  the  same  thickness,  but  about  double  its 
length,  it  would  become  a  level,  the  lower  edge  or  side  of  the 
piece  thus  added  to  the  rule,  becoming  the  surface  placed  on 
walls,  particularly  at  window  sills  and  wall-plates,  to  as<-ertaiii 
whether  they  are  horizontal  or  not.  To  try  the  correctness  of 
a  level,  place  it  vertically,  that  is,  in  the  position  in  which  it 
is  used,  upon  any  flat  surface,  or  merely  place  each  end  uf  the 
bottom  edge  upon  a  block  of  wood,  and  raise  or  lower  the  sup- 
ports till  the  cord  of  the  plummet  exactly  coincides  with  the 
line  on  the  perpendicular  rule  or  limb  of  the  instrument. 
When  this  is  observed,  reverse  the  ends,  and  if  the  same  coin- 
cidence then  takes  place,  the  level  is  true  ;  but  if  it  does  not, 
the  bottom  must  be  planed  till  the  trial  will  succeed.  The 
perpendicular  and  horizontal  parts  of  the  level  are  not  only 
fastened  together  by  mortise  and  tenon,  but,  for  greater  firm- 
ness, and  to  prevent  warping,  two  braces  are  added,  which 
extend,  in  a  slanting  direction,  from  the  horizontal  piece  nearly 
to  the  top  of   I  >■  perpendicidar  one. 

A  liiri/c  sijiiure  is  employed  in  setting  out  the  sides  of  build- 
ings at  right  angles  ;  and  a  small  square  for  trying  the  bedding 
of  bricks,  and  squaring  the  soffits  across  their  breadth. 

\  bevel  is  required  for  drawing  the  soflit  line  on  the  face  of 
bricks. 

The  rod,  for  measuring,  is  either  five  or  ten  feet  long  ;  the 
feet  are  divided  by  notclics,  and  one  of  those  next  the  extre- 
mity of  the  rule  is  divided  into  inches.  Dimensions  may  be 
more  expeditiously  ascertained  with  the  rod  than  with  a 
pocket  rule;  but  bricklayers  are  generally  provided  with  a 
measuring  tape,  which  is  coiled  up  by  its  winch  into  a  cylin-  * 
drical  box,  of  such  small  dimensions,  as  to  unite  a  more  con- 
venient portability  than  the  pocket  rule,  with  greater  despatch 
in  the  general  operations  of  measurement,  than  can  be  obtained 
by  the  use  of  the  rod. 

Thu  jointing-rule,  employed  in  running  the  joints  of  brick- 
work, IS  eight  or  ten  feet  long,  and  four  inches  broad.  When 
designed  for  the  use  of  two  bricklayers,  the  latter  length  is 
employed. 

The  iron  tool  used  along  with  the  jointing-rule,  to  mark  the 
joints  of  brick-work,  is  called  n  jointer  :  its  form  is  nearly  that 
of  the  letter  S,  though  its  flexure  is  not  in  proportion  so  con- 
siderable. 

The  raher  has  its  use  designated  by  its  name.  It  is  em- 
ployed to  rake  or  scrape  loose  and  decayed  mortar  out  of  the 
joints  of  walls,  the  appearance  of  which  is  intended  to  be  im- 
proved by  pointing  them  afresh.  The  rake  is  made  of  iron, 
pointed  with  steel,  and  at  about  one-fourth  of  its  length  from 
each  extremity  it  is  bent  to  a  ri;;ht  angle,  so  that  it  would 
resemble  a  Z,  if  the  stroke  connecting  the  top  and  bottom  of 
that  letter  were  perpendicular  instead  of  slanting. 

struck  a  lively  ereen  with  syrup  of  violets,  became  slightly  lactescent  liy  the 
vi.l.ilile  alkali,  but  entirely  milky  by  the  fi\ed  alkali,  and  by  a  solution  of 
sugar  of  lead.  No  change  was  produced  on  it  by  an  infusion  of  turmeutil 
root.  Hence  the  Doctor  justly  concluded,  that  the  lioinj;  of  wells  with  bricks, 
a  practice  very  common  in  viirions  places,  is  extremely  in  proper,  as  it  cannot 
fill  to  lender  the  water  haril  and  unwholesome,  equally  until  for  (he  »••  of 
the  kitchen  aud  wasb-house. 
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The  liod  is  an  angular  wooden  trousli,  closed  onlj'  at  one 
end  ;  so  that  it  resembles  the  half  of  a  rectangular  box  divided 
in  such  a  manner  as  to  consist  of  two  entire  sides  and  one  end, 
armed  with  a  pole  or  handle  about  four  feet  long.  In  this 
utensil,  the  labourer  carries  upon  his  shoulder  the  bricks  and 
mortar  with  which  he  supplies  the  bricklayer.  It  is  customary 
to  sprinkle  the  inside  of  the  hod  with  clean  dry  sand,  before  it 
IS  filled  with  mortar,  which  is  thereby  prevented  from  adhering 
to  the  wood. 

A  co)-f/ or /j'ne,  to  serve  as  a  guide  in  laying  the  courses  of 
bricks  exactly  straight,  is  stretched  close  to  the  wall,  and  re- 
moved at  the  proper  intervals  as  the  work  advances.  This 
line  is  fastened  to  two  pointed  iron  pins,  called  the  line  pins, 
one  attached  to  each  end  of  it. 

The  bricklayer's  rammer,  resembles  the  pavier's.  If  the 
eround  intended  for  a  foundation  is  deemed  not  sufficiently 
«olid,  it  is  compressed  as  much  as  possible  by  this  tool,  a  due 
attention  to  the  use  of  which  will  prevent  fractures  that  may 
endanger  the  building. 

The  irun-crotv  and  the  pick-a.i-e,  are  useful  assistants  to  the 
bricklayer,  of  obvious  utility  ;  being  sometimes  employed  in 
conjunction,  and  sometimes  alone,  in  digging,  breaking  throng! 
walls,  raising  heavy  bodies  out  of  the  ground,  and  similar  ope- 
rations. 

The  compasses  for  traversing  arches,  and  the  (irindmg-stnn'. 
for  sharpening  tools,  scarcely,  perhaps,  require  to  be  men- 
tioned. 

II.  Of  Foundations. — Foundations  are  either  natural  or  arti- 
ficial :  natural,  where  the  ground  is  rocky  or  good  ,  arti.lcial, 
uheu,  from  its  boggy  sandy  state,  or  from  its  having  been 
ately  dug  up,  piling,  or  some  other  precaution,  must  he  resort- 
ed to,  for  the  support  of  the  building.  Appearances  are  so 
often  deceitful,  tluit  the  prudent  builder  will  never  depend  upon 
them,  but  will  examine  the  ground  intended  for  a  foundation 
with  the  utmost  attention.  If  the  ground  shake  un  being  struck 
with  the  rammer,  the  nature  of  it  must  bt  ascertained  by 
piercing  it  with  a  well-digger's  borer.  Having  found  how  far 
the  firm  ground  is  beneath  the  surface,  the  loose  or  soft  parts 
must  be  removed,  if  not  very  deep  the  excavations  made  on 
these  occasions:  sliould  widen  upwards,  and  their  sides  be  cut 
in  the  form  of  steps  ;  by  which  means  a  firmer  bed  will  be 
obtained  for  the  wall  than  if  the  sides  of  the  trenches  were 
simply  inclined  planes. 

Palladio  directs  the  ground  for  the  .oundalion  to  be  pene- 
trated to  a  sixth  part  of  the  whole  height  of  the  building,  un- 
less there  be  cellars,  in  which  case  he  recominends  digging 
deeper.  It  is  a  good  rule  to  make  the  foundation  double  the 
breadth  intended  for  the  superincumbent  wall,  and  the  con- 
traction of  it  should  be  made  alike  on  both  sides. 

If  the  earth  is  very  unsolid,  piles,  close  to  each  other,  and 
long  enough  to  reach  the  good  ground,  must  be  driven  in. 
The  thickness  of  these  piles  should  not  be  less  than  one-twelfth 
of  their  length  ;  they  should  !)e  made  to  present  as  even  a 
surface  as  possible,  and  should  then  be  covered  with  planks. 
It  is  a  curious  fact,  that  dry,  straight-grained  piles,  may  e 
driven  much  further  by  the  same  force,  than  if  they  be  made 
of  wood  in  an  opposite  state. 

When  the  infirmity  of  the  ground  is  uniform,  but  not  very 
considerable,  it  may  be  made  good  by  laying  pieces  of  sound  oak 
about  two  feet  apart,  across  the  breadth  of  the  trench  in  which 
tlie  wall  is  to  stand,  and  when  these  have  been  firmly  bedded 
nnd  rammed  down,  planks  of  the  same  liinbei,  or  of  pitch  pine, 
{which  is  equally  as  (biraiile  in  such  situations.)  must  be  laid 
down  and  spiked  iiiujii  them.  The  planks  should  be  half  a 
foot  wider  than  the  base  of  the  foundation  wall.  Ground  of 
this  description  may  also  be  nmde  good  by  ramming  large 
stones  upon  it  closely  together,  and  extending  in  breadth 
about  a  foot  on  each  side  of  the  wall.  Upon  the  first  course  of 
stones,  another  course,  rather  narrower,  may  be  laid,  taking 
care,  as  in  walling  generally,  to  make  the  joints  of  one  course 
fall  on  the  middle  of  the  stones  in  the  other. 

If  the  ground  be  found  defective  in  one  place  and  good  in 
another,  the  unequal  settlement  which  would  be  the  inevitable 
consequence  of  building  upon  it  in  such  a  state,  may  be  pre- 
vented by  a  plan  which  is  now  becoming  daily  more  common, 
and  which,  ff  carefully  executed,  is  always  successful.     It  con- 


sists jn  the  use  of  arches,  either  inverted  or  suspended,  accord, 
ing  to  circumstances,  which  we  shall  now  advert  to. 

When  the  soft  parts  of  the  ground  are  under  the  aperture, 
only,  inverted  arches  are  to  be  turned  under  such  apertures, 
in  the  manner  represented  by  the  annexed  figure.  By  this 
means  the  advantage  of  one  continued  base  is  obtained,  for 


the  piers  cannot  sink  without  carrying  the  arches,  and  conse- 
quently the  ground  upon  which  they  staud.  along  with  them.  The 
whole  building  will  therefore  sink  equally,  and  no  fracture  of 
the  walls  will  ensue.  So  much  is  the  use  of  inverted  arches 
under  apertures  approved,  that  they  are  considered  indispen- 
sable  in  all  buildings  of  considerable  weight  or  consequence, 
even  when  the  ground  is  not  found  to  be  defective.  It  is  suffi- 
ciently obvious,  that  the  walls  of  all  buildings,  the  base  of  the 
foundation  of  which  is  not  actually  laid  upon  the  bare  solid 
rock,  will  sink  a  little,  and  as  the  pressure  of  the  piers  is  in- 
comparably gieater  than  that  of  the  low  piece  of  walling  under 
the  apertures  the  risk  is  extreme,  tiiat  the  resistance  of  the 
ground  against  this  low  walling  will  not  allow  it  to  sink  with 
the  piers,  and  consequently  the  fracture  of  the  wall,  and  pro- 
bably the  breaking  of  the  window  sills,  will  be  the  consequence. 
The  inverted  arches  prevent  these  bad  effects  ;  and  as  they 
h?vc  so  important  a  service  to  perform,  they  should  be  thrown 
with  the  greatest  care,  closely  jointed,  and  their  depth  at  least 
equal  to  half  their  width. 

When  the  reverse  of  the  preceding  case  occurs,  that  is,  when 
the  solid  parts  of  a  foundation  are  only  to  be  found  under 
apertures,  then  piers  must  be  built  in  these  places,  and  arches 
suspended  between  them,  as  represented  in  the  following  figure. 


It  is  best  to  make  the  middle  of  the  pier  rest  upon  the  mid- 
dle of  the  summit  of  the  arch.  If  the  pier  does  not  cover  the 
arch,  the  narrower  it  is,  the  greater  should  be  the  curvature  of 
the  latter  at  the  apex.  When  arches  are  used  in  this  way,  the 
intrados  ought  to  be  clear,  that  they  may  have  their  full  effect. 
The  uniform  resistance  of  the  ground  upon  which  the  piers  are 
erected,  is  also  of  greater  importance  than  even  its  iierfect 
hardness  ;  for  if  it  resists  uniformly,  the  building  will  sink  in 
every  part  alike,  and  remain  uninjured. 

When  wood  is  laid  in  the  trench  of  a  foundation,  the  first 
course  of  stone  or  brick  should  be  laid  as  close  as  possible, 
without  mortar,  which  injures  the  timber.  If  there  be  any  dif- 
ference in  the  quality  of  the  bricks,  the  strongest  amd  closest, 
which  are  least  liable  to  imbibe  moisture,  should,  be  selected 
for  foundation  work. 

Ill-  Of  Cements.  Lime,  iSc— The  bricklayer  being  provided 
with  tools,  with  bricks,  and  having  prepared  the  trenches  of 
his  foundation  for  walling,  finds  himself  in  immediate  want 
of  mortar  or  cement,  a  subject  which  next  claims  our  consi- 
deration. 

The  nature  and  best  methods  of  preparing  calcareous 
cements  have  been  investigated  by  Dr.  Higgins  with  great 
ability  and  success.  He  has  advanced  the  most  satisfactory 
proofs,  founded  upon  analysis,  that  the  Romans,  whose  mortal 
o»  cement,  after  a  lapse  of  two  thousand  years,  instead  of 
being  decayed,  has  become  as  hard  as  the  stones  it  binds 
together,  possessed  no  uncommon  secret,  which  we  are  unable 
to  discover.  His  publication  first  appeared  in  1780,  and  is 
evidently  the  production  of  a  liberal  and  intelligent  mind 
He  struck  into  a  path  with  which  we  were  but  little  acquainted, 
though  the  knowledge  of  it  is  of  very  considerable  impor- 
tance to  the  public  collectively,  as  well  as  to  individuals; 
for  it  is  certainly  lamentable  to  observe  publii;  ro  private  edi- 
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fices,  insecure,  or  prematurely  mouldering  away,  from  the 
ignorance  or  disregard  of  a  few  particulars,  which  might  not 
only  be  observed  with  case,  but,  in  many  instances,  with  a 
diminution  of  the  original  expense.  The  Doctor's  conclusions, 
which  were  drawn  from  ifinumerable  experiments,  constitute 
a  great  portion  of  the  best  part  of  our  knowledge  on  this  sub- 
ject at  the  present  time;  but  though  so  many  years  have 
elapsed  since  they  were  communicated  to  the  public,  they  are 
far  from  being  yet  generally  known,  and  consequently  are  not 
reduced  into  general  practice. 

Such  is  the  neglect  shewn  on  this  subject,  that  the  timbers 
of  our  houses  last  longer  than  the  walls,  unless  the  mouldering 
cement  be  frequently  replaced  by  pointing.  The  following 
directions,  for  preparing  durable  mortar  or  stucco,  contain  the 
result  of  the  Doctor's  experience,  and  have  been  attended  to 
with  remarkable  success. 

Sharp  sand  free  from  clay,  salts,  calcareous,  gypseous,  or 
other  grains  less  hard  and  durable  than  quartz,  is  better  than 
any  other.  When  a  coarse  and  a  fine  sand,  corresponding  in 
the  size  of  their  grains  to  the  coarse  and  fine  sand  hereafter 
described,  cannot  be  easily  obtained  native,  the  following 
method  of  sorting  and  cleansing  it  must  be  resorted  to.  Let 
the  sand  be  sifted  in  streaming  clear  water,  through  a  sieve 
which  will  allow  all  grains  not  exceeding  one-sixteenth  of  an 
inch  to  pass  through,  and  let  the  stream  of  water  be  regul.ited 
so  as  to  wash  away  the  very  fine  parts  of  the  sand,  the  day, 
and  every  other  matter  lighter  than  sand.  The  coarse  rubbish 
left  on  sieve  must  be  rejected.     The  sand  which  subsides 

in  the  rec  cle  must  then  be  further  cleansed  and  sorted  into 
two  parcels,  by  the  use  of  a  sieve  which  allows  no  grains  io 
pass  but  what  are  less  than  one-thirteenth  of  an  inch  in  dia- 
meter. That  part  which  passes  through  this  sieve,  we  shall 
call  fine  sand,  the  remaining  portion,  coarse  sand.  These 
separate  portions  may  then  be  dried  in  the  sun,  or  by  means 
of  a  fire. 

That  sort  of  lime  must  be  chosen  which  heats  the  most  in 
slaking,  and  slakes  the  quickest  when  didy  watered  ;  which  is 
the  freshest  made,  and  has  been  the  closest  kept,  which  dis- 
solves in  distilled  vinegar  with  the  least  elfervescence,  and 
leaves  the  smallest  residue  insoluble,  and  in  this  residue  the 
smallest  quantity  of  clay,  gypsum,  or  martial  matter.  Put 
fourteen  pounds  of  the  lime  chosen  according  to  these  im- 
portant rules,  into  a  brass  wire  sieve  still  finer  than  the  last 
mentioned.  Slake  the  lime  by  alternately  plunging  it  into 
and  raising  it  out  of  a  butt  of  soft  water  ;  reject  all  the  matter 
which  does  not  easily  pass  through  the  sieve,  and  use  fresh 
portions  of  lime  in  a  similar  manner,  until  as  many  ounces  of 
lime  have  passed  through  the  sieve  as  there  are  quarts  of  water 
in  the  butt.  This  is  the  lime-water,  which  contributes  mate- 
rially to  the  excellence  of  the  stucco.  As  soon  as  a  sufficient 
portion  of  lime  has  been  imparted  to  it,  it  should  be  closely 
covered  until  it  becomes  clear,  and  then  be  drawn  ofi",  by 
wooden  cocks,  placed  at  diUcrent  heights  as  the  lime  sub- 
sides, without  breaking  the  crust  formed  on  the  surface.  The 
freer  the  water  is  from  saline  matter,  the  better  will  this  liquor 
be.  Lime-water  must  be  kept  in  air-tight  vessels  till  the 
moment  it  is  used. 

Slake  fifty-six  pounds  of  lime  chosen  as  above  directed,  by 
gradually  sprinkling  on  it  the  lime  water.  Sift  the  slaked  part 
of  the  lime  immediately  through  the  last  mentioned  fine  brass- 
wire  sieve  ;  the  lime  which  passes  must  be  used  instantly,  or 
kept  in  air-tight  vessels,  and  the  rest  rejected.  This  finer, 
richer  part  of  the  lime  may  be  called  purified  lime.  It  is  always 
advisable  to  sift  the  lime  immcrlinlrli/  after  the  slaking,  other- 
wise much  of  the  ill-burnt  lime  and  heterogeneous  matter  which 
it  may  contain,  will  pass  through  the  sieve. 

The  materials  of  the  cement  being  thus  prepared,  take  fifly- 
six  pounds  of  the  coarse  sand,  and  forty-two  pounds  of  the  fine 
sand  ;  mix  them  on  a  large  plank  of  hard  wood  placed  horizon- 
tally ;  then  spread  the  sand  so  that  it  may  stand  to  the  height  of 
six  inches  with  a  llat  surface  on  the  plank,  and  wet  it  with  lime- 
water,  of  which  so  much  musi  be  allowed  to  How  away  ofi"  the 
plank,  as  the  sand  in  the  condition  descrihcd  cannot  retain. 
To  the  wetted  sand  add  fourteen  pounds  of  the  purified  lime  in 
several  successive  portions,  mixing  and  beating  iliem  up  toge- 
ther with  the  instruments  gencrilly  used  in  making  fine  mortar. 
49. 


Then  add  fourteen  pounds  of  bone-ashes  in  successive  poi 
tions,  mixing  and  beating  all  together.  The  quicker  and  more 
perfectly  these  materials  are  mixed  and  beaten  together,  and 
the  sooner  the  cement  thus  formed  is  used,  the  better  it  will  be. 
As  this  cement  is  shorter  than  water  or  common  stucco,  and 
dries  sooner,  it  ought  to  be  worked  expeditiously  in  all  cases, 
and  in  stuccoing  it  ought  to  be  laid  on  by  sliding  the  trowel 
upwards  on  it.  The  materials  used  along  with  it  in  building, 
or  the  ground  on  which  it  is  laid  in  stuccoing,  ought  to  be 
well  wetted  with  the  lime-water  at  the  instant  of  laying  it  on  ; 
and  when  the  cement  requires  moistening,  lime-water  sboald 
always  be  used. 

The  proportions  above  given  are  intended  for  a  cera'nt  made 
with  sharp  sand,  for  incrustation  in  exposed  situations,  where 
it  is  necessary  to  guard  against  the  effects  of  hot  weather  and 
rain.  In  general,  half  this  quantity  of  bone-ashes  will  be  fouml 
sufficient ;  and  although  the  incrustation  in  this  latter  case  will 
not  harden  deeply  so  soon,  it  will  be  ultimately  stronger,  pro- 
vided the  weather  be  favourable. 

When  a  mortar  or  cement  of  a  fine  texture  is  required,  take 
ninety-eight  pounds  of  the  fine  sand:  wet  it  with  the  lime- 
water,  and  mix  it  with  the  purified  lime  and  the  bone-ashes  in 
the  quantities  and  in  the  manner  above  described,  with  this 
difference  only,  that  fifteen  pounds  or  thereabouts  of  lime  are 
to  be  used  instead  of  fourteen  pounds,  if  the  greater  part  of 
the  sand  be  very  fine.  This  cement  is  suitable  for  the  last 
coating  of  any  work  intended  to  imitate  the  finer  grained 
stones ;  but  it  may  be  applied  to  all  the  uses  of  the  first  men- 
tioned composition. 

When  a  mortar  or  cement  is  required,  which  shall  be  still 
cheaper  and  more  coarsely  grained,  much  coarser  sand  than 
the  coarsest  sort  already  spoken  of  may  be  made  use  of;  for 
the  coarser  the  sand,  the  less  the  proportion  of  lime  which  will 
be  required.  For  example,  of  the  coarsest  sand  alluded  to, 
take  fifty-six  pounds ;  of  the  coarse  sand  «  hich  passes  through 
the  meshes  of  a  sieve  one-sixteenth  of  an  inch  in  diameter, 
twenty-eight  pounds;  and  of  the  fine  sand,  fourteen  pounds; 
and  after  mixing  these,  and  wetting  them  with  lime-water,  in 
the  manner  already  described,  add  fourteen  pounds,  or  some, 
what  less,  of  the  purified  lime,  and  then  fourteen  pounds  or 
somewhat  less  of  the  bone-ash. 

When  these  cements  are  intended  to  be  white,  white  sand, 
while  lime,  and  the  whitest  bone-ash.  are  to  be  chosen.  Gray 
sand,  and  gray  bone-ash,  formed  of  half-burnt  bones,  are  to 
be  chosen  to  make  the  cement  gray  ;  and  any  other  colour  may 
be  obtained  either  by  choosing  coloured  sand,  or  by  the  admix- 
ture of  the  necessary  quantity  of  coloured  tale  in  powder,  or  of 
coloured  vitreous  or  metallic  powders,  or  other  ingredients  of  a 
similar  nature. 

These  cements  are  applicable  in  forming  artificial  stone,  by 
making  alternate  layers  of  the  cement  and  of  flint,  hard  stone, 
or  brick,  in  moulds  of  the  figure  of  the  intended  stone  ;  the 
stones  thus  formed  being  exposed  to  the  open  air  to  harden, 
but  not  exposed  to  rain  till  they  arc  almost  as  strong  as  fresh 
Portland  slone.  They  may  be  made  very  hard,  and  beautiful, 
by  soaking  Ihcm,  after  they  are  thoroushly  dry,  in  the  lime- 
water,  and  repeating  this  process  several  times  at  distant  inter- 
vals. Incrustations,  also,  are  greatly  benefited  by  the  appli- 
cation of  lime- water,  the  entrance  of  which  is  facilitated  by  the 
use  of  bone-ashes  in  the  cement. 

When  any  of  the  above  cements  are  intended  to  be  used  for 
water-fences,  two-thirds  of  the  prescribed  quantity  of  bone- 
ashes  are  to  be  omitted,  and  an  equal  measure  of  powdered 
terras  used  instead  ;  and  if  the  sand  employed  be  not  of  the 
coarsest  sort,  more  terras  must  be  added,  so  that  the  terras 
shall  be  by  weight  one-sixth  part  of  the  weight  of  the  sand. 

When  a  cement  is  rccpiired  of  the  finest  grain,  or  in  a  fluid 
form,  so  that  it  may  be  applied  with  a  brush,  for  the  purpose 
of  smoothing  and  finishing  the  stronger  cruslaceous  works,  or 
for  washing  walls  to  a  lively  and  uniform  colour,  the  fine  pow- 
der of  calcined  flints,  or  the  powder  of  any  quartzose  or  hard 
earthy  substance,  may  be  used  in  the  place  of  sand;  but  in  a 
quantity  .>imaller  as  the  flint  or  other  powder  is  finer;  so  that 
the  powder  shall  not  be  more  than  six  times  the  weight  of  the 
lime,  nor  less  than  four  times  its  weight.  The  greater  the 
quantity  of  lime   within  these  limits,  the  more  the  cement  will 
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be  apt  to  crack  by  quick  dryingf,  and  iiVa  versa.  For  washing 
walls,  the  cement  should  not  be  made  thicker  than  new  cream, 
and  should  be  h-.id  on  briskly  with  a  brush,  in  dry  weather. 
Fine  yellow  ochre  is  the  cheapest  colouring:  ingredient  for 
such  a  wash,  when  it  is  required  to  imitate  Balh  stone,  or  the 
warmer  white  stones. 

Where  sand  cannot  be  procured,  any  durable  stony  body, 
or  baked  earth  grossly  powdered,  and  sorted  as  if  it  were  sand, 
may  be  used,  measure  for  measure,  but  not  wei>;ht  for  weight, 
unless  the  same  bulk  of  the  gross  powder  be  the  same  as  that 
of  sand.  But  all  substitutes  for  pure  siliceous  sand,  are  im- 
perfect in  proportion  as  the  particles  of  which  they  are 
'Composed,  are  less  hard  than  those  of  that  material.  The 
scrapings  of  roads,  which  consist  principally  of  powdered  cal- 
careous stone,  the  old  mortar  and  other  rubbish  from  ancient 
buildinss,  have  often  been  more  strongly  reeonuiiended  than 
they  deserve.  These,  and  all  muddy,  soft,  and  minutely  divided 
iiiattors;  require  a  large  proportion  of  lime,  and  never  pos.scss 
the  hardness  and  durability  which  belong  to  good  mortar. 
Sea  sand,  well  washed  in  fresh  water,  is  as  good  as  any  other 
round  sand  ;  but  if  used  without  being  freed  from  salt,  the 
mortar  made  with  it  is  extremely  liable  to  be  damp. 

The  proportion  of  lime  may  be  increased  without  inconve- 
nience, when  the  cement  or  stucco  is  to  be  applied  where  it  is 
not  liable  to  dry  quickly ;  and  in  the  contrary  circumstance, 
this  proportion  may  be  diminished.  The  defect  of  lime  in 
quantity  or  quality,  is  best  supplied  by  soaking  the  work,  at 
distant  intervals  of  time,  with  lime-water.  It  is  proper  to  mix 
bair  with  these  cements,  when  employed  for  interior  work. 

The  power  of  almost  eveiy  well  dried  or  burnt  animal  sub- 
stance may  be  used  instead  of  bone-ash. 

The  bone-ashes  facilitate  the  operation  of  plastering,  by 
increasing  the  plasticity  of  the  mortar  into  which  they  enter. 
They  also  render  the  mortar  less  liable  to  crack,  and  cause  it 
to  acquire  more  quickly  that  state  in  which  it  is  not  easily  in- 
jured by  unexpected  rain.  If  employed  in  a  less  proportion 
than  one-fourth  of  the  lime,  they  are  of  little  use,  and  if  they 
exceed  the  lime  in  quantity  they  are  injurious  to  the  cement. 
Hence  the  use  of  them  should  be  regulated  according  to  the 
following  circumstances:  when  the  artist  is  more  solicitous  to 
secure  an  incrustation  from  the  etfect  of  hot  weather,  to  finish 
it  quickly,  and  to  guard  against  rain,  than  to  make  it  durable 
in  the  highest  degree,  he  may  use  as  much  bone-ashes  as  lime  ; 
but  when  the  season,  exposure,  and  other  circumstances,  per- 
mit him  to  attend  solely  to  the  true  excellence  and  duration  of 
his  work,  he  must  use,  in  his  best  calcareous  cements,  only 
one  part  of  bone-ashes  for  every  four  parts  of  lime.  By  these 
rules  he  may  choose  intermediate  quantities  adapted  to  his  pur- 
poses. The  bone-ashes  should  not  be  in  so  coarse  a  powder  as 
they  are  when  used  for  cupels,  yet  they  should  by  no  means  be 
levigated  or  ground  to  extreme  fineness. 

By  sharp  sand,  is  meant  such  sand  as  consists  of  grains  with 
flat  surfaces  ;  these  flat  surfaces,  when  enveloped  and  cemented 
together  by  the  lime  paste,  possess  a  much  stronger  cohesion 
than  if  the  grains  were  globular. 

The  preceding  method  of  making  mortar  or  stucco  difi'ers,  it 
will  be  perceived,  from  the  common  process  in  several  essen- 
tial particulars;  amoug  which,  the  purity  and  sorting  of  the 
sand,  the  use  of  lime-water,  the  newness  of  the  lime,  and  the 
large  proportion  of  the  sand  to  the  lime,  ought  to  be  particu- 
larly noticed.  It  may  be  useful  to  inquire  into  some  of  the 
causes  of  differencxs  of  practice  so  remarkable. 

When  the  sand  contains  much  clay,  or  other  impurities,  the 
bricklayers  find  that  the  best  mortar  they  can  make,  must  con- 
tain about  one-half  lime;  and  in  con.sequence  pronounce,  with- 
out further  investigation,  half  sand  and  half  lime  to  l)e  the 
best  composition.  But  with  sand  reiiuiring  so  much  lime,  they 
never  can  make  durable  mortar,  though  of  this  fact  it  may  he 
difficult  to  convince  those  who  are  little  disposed  (o  investigate 
causes.  Too  many  artisans  entertain  an  opinion  thattfcey  have 
nothing  new  to  learn  which  is  worth  notice;  they  are  apt  in 
eflect  to  say,  that  having  served  an  apprenticeship  to  their 
business  they  our//it  to  know  something;  and  thus,  because  they 
uuglu  to  know  sumet/iiiip,  they  seem  to  expect  suhmission  to 
their  very  errors.  To  such  characters  we  speak  not  ;  to  con- 
vince them  is  impossible,  and  therefore  the  attempt  is  folly. 


But  those  who  consider  the  interest  of  their  employers,  and 
that  the  warmth,  dryness,  and  salubrity  of  a  house,  so  far  as 
the  building  is  concerned,  is  completely  in  their  power,  will 
not  despise  any  hint  which  may  extend  their  resources. 

It  is  a  common  fault  to  build  lime-kilns  so  high,  that,  at  the 
bottom  of  the  cavity,  the  lime  is  ready  perh;i|)s  cigliteen  hours 
before  that  in  the  upper  part,  and  is  greatly  injured  bv  its  ex- 
posure to  the  draft  of  air  passing  through  the  fire.  Lime-kilns 
ought  to  be  made  much  broader  and  shallower  than  customary, 
with  the  cavity  tapering  upwards,  and  should  terminate  in  a 
lofty  flue,  in  order  to  accelerate  the  combustion,  w  hen  required, 
by  a  quick  current  of  air.  Calcareous  stones  acquire  in  the 
most  eminent  degree  the  properties  of  lime,  when  they  are 
slowly  heated  in  small  fragments  of  uniform  size,  until  they 
appear  to  glow  with  a  white  heat,  and  this  is  continued  until 
they  become  non-elTervescent  if  steeped  in  an  acid.  The  art 
of  preparing  lime  consists  chielly  in  attending  to  these  parti- 
culars. The  whiteness  of  lime  shews  it  to  be  free  from  metallic 
impregnation.  Merely  to  keep  lime  dry  is  not  enough  to  pre- 
serve it;  it  grows  worse  for  mortar  every  day  it  is  kept  ia 
heaps  or  untight  casks,  and  is  soon  reduced  nearly  to  the  state 
of  chalk.  It  may  be  greatly  debased,  without  slaking  sensibly, 
and  such  parts  or  fragments  as  fall  to  powder  merely  by  ex- 
posure to  the  air  are  unfit  for  mortar.  It  has  been  found  hy 
experiment,  that  lime  will  absorb  one-fourth  of  its  weight  o. 
water,  and  yet  remain  perfectly  dry.  Bishop  Watson  found, 
that,  upon  an  average,  every  ton  of  limestone  produced  eleven 
hundred  weight,  one  quarter,  and  four  pounds,  of  lime,  weighed 
before  it  was  cold;  and  that,  when  exposed  to  the  air,  it  in- 
creased in  weight  daily,  at  the  rate  of  a  hundred  weight  per 
ton,  for  the  first  five  or  six  days  after  it  was  drawn  from  the 
kiln.  Hence  those  who  have  to  fetch  lime  from  great  dis- 
tances, may  save  even  in  point  of  cartage,  by  receiving  it  as  it 
is  taken  out  of  the  kiln. 

Mortar  which  sets  without  cracking,  whether  this  be  owing 
to  the  due  proportion  of  sand,  or  to  the  slow  exhalation  of  the 
water  from  mortar  containing  less  sand,  never  cracks  after- 
wards, whatever  its  faults,  in  other  respects,  may  be.  As  it  is 
the  lime  paste,  and  not  the  sand,  which  contracts  and  pro- 
duces fissures  in  drying,  so  the  more  sand  there  is  in  the  com- 
position, the  less  the  cracks  will  be  seen.  Mortar  which  is 
liable  to  crack,  becomes  irreparably  injured  by  frequent  alter- 
nations of 'jvetting  and  freezing  ;  for  the  water  imbibed  by  the 
smallest  fissures,  dilating  as  it  congeals,  loosens  its  whole  tex- 
ture. Where  it  is  composed  of  seven  parts  of  sorted  sand  to 
one  of  lime,  it  is  not  disposed  to  crack. 

That  mortar  may  become  indurated  the  soonest  and  in  the 
highest  degree,  and  operate  the  most  efl'ectually  as  a  cement, 
it  must  be  sulfered  to  dry  gently  and  set ;  the  exsiccation  ot 
it  must  be  elTectcd  by  temperate  air,  and  not  accelerated  by 
the  heat  of  the  sun  or  fire.  It  must  not  be  wetted  till  after  it 
sets  ;  and  afterwards  it  ought  to  be  protected  from  wet  as 
much  as  possible,  until  it  is  completely  indurated  ;  the  absorp- 
tion  of  carbonic  acid  must  be  prevented  as  much  as  possible 
till  the  mortar  is  finally  placed  and  quiescent,  and  then  it  must 
be  as  freely  exposed  to  the  open  air  as  the  work  will  admit,  in 
order  to  supply  carbonic  acid,  and  enable  it  sooner  to  sustain 
the  trials  to  which  mortar  is  exposed  in  cementitious  buildings 
and  incrustations.  To  shew  more  clearly  how  much  onr 
slight  buildings  are  weakened  by  the  agitations  and  percus- 
sions to  which  they  are  ex])0sed,  first  in  erecting  the  walls 
and  settling  the  timbers,  and  then  in  driving  those  wedges  to 
which  the  wainscots,  mantle-pieces,  and  other  ornaments,  are 
fastened,  we  must  observe,  that  the  absorption  of  carbonic 
acid  by  mortar  contributes  nothing  to  the  strength  of  it,  if  it 
enter  before  it  is  finally  fixed  in  a  quiescent  state.  A  little 
experience  is  sulTicient  to  teach  us,  that  the  same  matter  which 
assists  in  the  induration  of  mortar,  never  serves  to  repair  the 
fissures,  or  solution  of  continuity  between  the  bricks  and  ce- 
ment, which  happens  after  it  is  set.  When  mortar  is  set,  and 
before  it  is  indurated,  it  may  be  easily  severed  from  the  bricks 
and  crumbled  ;  and  for  want  of  softness,  it  cannot  bend  into 
the  fissures,  or  resume  its  former  condition  in  any  time. 
Hence  by  heavy  blows,  and  in  wedging,  our  walls  must  be 
greatly  weakened  ;  and  the  more  so,  as  the  houses  are  slight, 
quickly  built,  and  hastily  finished. 
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Notliiiig  is  more  common  Hian  for  bricklayers  to  keep  their 
mortar  some  time  exposed  to  tlic  air  in  heaps,  before  lliey  con- 
sider it  proper  for  use  ;  a  practice  which  may  perhaps  be  ac- 
counted for,  if  \vc  consider  that  some  portions  of  every  kind  of 
lime  used  in  this  country,  do  not  slake  freely,  by  reason  of 
their  not  being;  suinciently  burned,  or  of  tlie  admixture  of  pyp- 
seous  or  argillaceous  matter  ;  which  portions,  like  marl,  slake 
in  time,  though  not  so  quickly  as  the  purer  lime.  The  plas- 
terers, who  use  a  finer  kind  of  mortar,  made  of  sand  and  lime, 
obr.erve  that  their  stucco  blisters,  if  it  contain  small  bits  of 
unslaked  lime,  and  as  smoothness  of  surface  is  «ilh  them  of 
more  consequence  than  excessive  hardness,  they  take  care  to 
secure  the  perfect  slaking  of  their  lime  by  allowing  sufficient 
time  for  the  imperfect  parts  to  be  penetrated  by  the  nmisture. 
The  bricklayers,  trusting,  perhaps,  more  to  the  judgment  of  the 
plasterers,  in  this  respect,  than  to  their  own,  and  considering 
it  very  convenient  to  slake  a  large  quantity  of  lime  at  once, 
follow  the  same  practice,  without  caring  for  or  apprehending 
the  real  fart,  that  mortar  is  worse  for  every  hour  it  is  kept, 
and  that  they  are  taking  such  measures  as  will  prevent  it  from 
ever  acquiring  that  degree  of  hardness  in  which  its  perfection 
consists. 

Among  the  circumstances  which  contribute  to  the  speedy 
ruin  of  modern  buildings,  it  may  also  be  observed,  that  mortar 
made  with  bad  lime,  and  a  great  excess  of  it,  is  used  with  dry 
bricks,  and  not  unfrequently  with  warm  ones.  These  imme- 
diately imbibe  or  dissipate  much  of  the  water,  and  as  the 
cement  approaches  nearer  to  be  dry,  whilst  it  is  slill  liable  to 
be  displaced  by  the  percussions  of  the  workmen,  render  it 
little  better  than  equivalent  to  a  mixture  of  sand  and  pow- 
dered chalk.  To  make  strong  work,  the  bricks  ought  to  be 
soaked  in  lime-water,  and  freed  from  the  dust  with  wliich 
they  are  commonly  covered.  By  this  means  the  bricks  are 
rendered  closer  and  harder,  the  cement,  by  setting  slowly, 
admits  the  motion  wliich  the  bricks  receive  when  the  workman 
dresses  them,  without  being  impaired,  and  it  adheres  and 
ind  ates  more  perfectly.  This  steeping  of  the  bricks  is  an 
imitation  of  the  practice  of  the  plasterers,  who  always  wet  the 
wall  before  they  commence  their  work,  because  they  know  the 
cement  will  not  otherwise  adhere.  This  ought  to  be  done  as 
long  as  the  wall  is  thirsty,  and  lime-water  is  the  most  proper 
l.quid  they  can  use.  The  same  advantage  that  attends  the 
soaking  of  bricks,  would  attend  the  soaking  of  bibulous  stones 
in  lime-water. 

Mortar  made  with  sand  containing  one-seventh  or  one-eighth 
of  fat  clay,  moulders  in  winter  like  marl  ;  a  circumstance  which 
proves  the  propriety  of  freeing  from  clay  the  sand  used  in  mor- 
tar. The  washing  performed  for  this  purpose,  will  be  found  a 
very  cheap  operation,  even  in  cities,  if  the  water  which  carries 
olV  th>"  clay  be  directed  into  a  receptacle  where  it  may  be 
depurated  by  subsidence  for  repeated  use. 

Chalk  lime  may  be  easily  prepared,  so  as  to  be  fully  equal  if 
not  superior  to  stone  lime.  The  reason  why  this  is  not  generally 
thought  to  be  the  c;isc,  probably  is,  that  not  being  of  so  close  a 
texture,  it  is  sooner  spoiled  by  the  absorption  of  carbonic  acid, 
when  exposed  to  the  atmosphere  after  it  is  made.  A  cask  of 
chalk  lime  should  therefore  never  be  opened  till  the  moment  it 
is  to  be  slaked,  and  the  greatest  expedition  should  be  used  in 
the  slaking,  and  in  the  making  and  applying  the  mortar  to  use. 
In  the  quiescent  air  of  a  room,  a  pound  avoirdupois  of  chalk 
lime  becomes  two  ounces  and  a  half  heavier  in  two  days;  and 
nearly  the  whole  of  this  increase  of  weight  consists  of  the  car- 
bonic acid  which  it  has  imbibed  from  the  atmosphere. 

The  fittest  water  for  making  mortar,  is  rain  water;  river 
water  holds  the  next  place  ;  land  water  the  next ;  spring  w  ater 
the  last;  sea  water,  and  all  waters  noticed  medicinally  or 
otherwise,  for  their  saline  contents,  ought  never  to  be  used  for 
thi.s  purpose. 

The  compositions  mostly  used  for  stuccoing  within  doors, 
are  incapable  of  liaidcning  considerably,  and  when  they  are 
laid  on  the  naked  walls,  soon  become  tarnished,  unsightly,  and 
inconvenient,  by  the  damps  which  workmen  call  sweating. 
Sometimes  these  damps  are  occasioned  by  the  bad  construc- 
tion of  the  walls,  the  joints  of  the  facing  bricks  having  become 
hollow  by  (he  decay  of  the  mortar,  or  when  the  copings  or  gut- 
ters are  defective :  a  damp  by  transpiration  also  occurs  when 


the  principal  walls  are  stuccoed  before  they  are  drifd,  or  when 
the  materials  of  them  are  so  spongy  as  to  imbibe  the  rain,  and 
the  circulation  of  air  is  not  sufficient  to  waft  awav  the  transud- 
ing moisture.  The  damp  by  condensation  is  also  very  com- 
mon, and  appears  most  on  the  closest  incrustations,  however 
perfect  and  old  the  walls  may  be.  In  such  instances,  the 
damp  is  owing  to  the  closeness  of  the  body,  and  a  stucco  per- 
vious in  a  certain  degree  to  air  and  moisture,  will  be  free  from 
it,  as  well  as  from  the  damp  before  mentioned.  The  eustomarv 
mode  of  avoiding  these  damps,  is  to  case  the  principal  walls  of 
houses  with  lathwork,  on  which  the  incrustation  or  plaster  is 
laid  at  some  distance  from  the  wall.  The  narrowing  of  rcjoms 
and  passages  very  perceptibly  is  the  consequence  of  this 
method,  besides  its  expense,  lione-ashes,  each  grain  of  »  hich 
is  tubulated  is  every  direction,  added  to  the  stucco  in  half  the 
quantity  of  the  lime,  are  a  preventive  of  these  damps  without 
lathwork. 

The  drying,  induration,  and  texture  of  incrustations  made 
on  brick  walls  and  other  irregular  surfaces,  are  alway.s  so  far 
unequal  as  to  exhibit  visible  traces  which  deform  the  work, 
and  cannot  be  eflcctually  obliterated  by  any  known  method  so 
convenient  as  that  of  covering  the  first  coarse  incrustation, 
after  it  has  dried,  with  another  coat  which  may  be  made  finer 
and  smoother.  Thus  the  expense  of  fine-grained,  smooth,  or 
coloured  stucco,  is  rendered  moderate;  because  the  finer,  or 
the  colouring  ingredients,  may  be  reserved  for  the  exterior 
coat,  which  will  last  for  ages,  if  the  cement  be  good. 

To  tinge  a  cement  sufficiently,  of  any  colour  which  is  not 
found  in  sand,  so  that  the  incrustation  shall  not  be  impaired, 
and  that  the  colour  shall  be  as  durable  as  the  cement,  the  most 
proper  ingredients  which  can  be  used  in  lieu  of  sand,  or  of 
part  of  it,  are  coloured  glasses  or  coloured  stones  of  the  hard- 
est kind,  beaten  to  coarse  powder;  the  finer  parts  of  which 
are  to  be  washed  away,  not  merely  because  they  are  injurious 
to  the  cement,  but  because  they  contribute  very  little  to  the 
intended  colour. 

Stucco  made  with  the  best  proportions  of  lime,  sand,  and 
lime-water,  is  not  bettered  by  painting  as  soon  as  it  dries  ;  as 
this  covering  retards  the  induration  of  it,  by  cutting  off  its 
communication  with  the  air.  It  therefore  renders  it  liable  to 
be  irreparably  injured  in  wet  weather,  wherever  the  water  can 
get  behind  the  paint.  If  paint  or  oil  ought  ever  to  be  applied 
on  such  stucco,  it  ought  not  to  be  laid  on  in  less  than  a  year 
alter  the  incrustation  is  made.  The  painting  and  sanding  of 
the  common  defective  incrustations,  contribute  very  little  to 
their  duration,  although  it  hardens  them  at  the  surface  ;  for  it 
does  not  ellectually  prevent  them  from  cracking,  and  it  avails 
very  little  to  paint  the  cracked  stucco  again,  because  cracked 
stucco  is  always  hollow,  as  the  workn)en  terra  it ;  that  is,  it 
parts  from  the  wall  in  the  parts  contiguous  to  the  cracks, 
sounds  hollow  on  being  struck  with  the  knuckle,  and  falls  off  in 
a  (ew  years,  if  it  be  so  thick  and  large  in  extent  as  to  break 
the  adhering  portions  by  its  weight. 

Mortar  made  of  sand,  water,  and  lime,  whatever  may  be  the 
prnporlions  of  the  mixture,  cannot  be  employed  in  aqueducts, 
reservoirs,  and  other  a(|uatic  buildings,  uidess  sullicient  time 
be  allowed  (or  its  perfect  induration  before  the  admission  of 
the  water;  but  when  mixed  up  with  a  quantity  of  terras,  as 
already  stated,  it  acquires  the  desirable  property  of  hardening 
under  water.  A  few  additional  remarks  on  this  subject  will 
perhaps  be  acceptable.  A  mortar  made  of  terras  powder  and 
lime  was  used  in  water-fences  by  the  Romans,  and  has  been 
generally  employed  in  such  structures  ever  since  their  time. 
As  it  sets  (|uickly,  and  when  set  is  impenetrable  to  water, 
some  people  have  hastily  concluded  that  it  is  the  best  kind  of 
mortar  for  any  purpose.  15ut  it  is  found  by  experience,  that 
mortar  made  of  terras  powder,  whether  coarse  or  fine,  will 
not  grow  so  hard  as  mortar  made  with  lime  and  sand,  nor 
endure  the  weather  so  well ;  on  the  contrary,  it  is  apt  to  crack 
and  perish  in  the  open  air.  Its  efficacy  in  water-fences  is  ex- 
perienced only  where  it  is  always  kept  wet,  and  seems  to  de- 
pend principally  upon  the  property  which  the  powder  of  terras 
lias,  in  common  with  other  argillaceous  bodies,  but  in  a  higher 
degree,  of  expediting  the  crystallization  of  the  calcareous 
matter,  by  imbibing  the  water  in  which  it  is  diffused  in  the 
mortar,  and  of  swelling  during  this  absorption,  so  much  •» 
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lo  render  the  mortar  impenetrable  to  any  more  water.  It 
seems,  also,  tliatan  acid  of  the  vitriolic  kind,  which  is  contain- 
ed in  terras,  contributes  to  the  speedy  setting  of  the  cement, 
by  reducing  a  part  of  the  lime  to  the  condition  of  gypsum. 
Terras  is  a  volcanic  production,  consistinjc  chiefly  of  clay 
and  oxide  of  iron  indurated  together;  and  baked  clay,  reduced 
to  powder,  communicates  to  mortar  properties  of  a  similar 
kind. 

Pozzolana  is  another  volcanic  production  differing  little 
from  terras,  as  to  the  effect  it  produces  in  mortar.  It  is 
thrown  out  of  volcanoes  in  the  form  of  aslies,  and  is  found  in 
many  countries,  but  most  abundantly  in  the  kin>;doin  of 
Naples.  The  cement  used  by  Smeaton,  in  the  construction  of 
the  Eddystone  light-house,  was  composed  of  equal  parts  by 
measure  of  lime  and  pozzolana;  a  mixture  which  was  deemed 
the  most  suitable,  as  the  building  was  exposed  to  the  utmost 
violence  of  the  sea;  but  a  composition  exceedingly  proper  for 
aquatic  works  in  general,  may  be  composed  of  two  parts  of 
lime,  one  of  pozzolana,  and  three  of  clean  sand. 

It  has  lately  b«cn  discovered,  that  manganese  is  a  valuable 
ingredient  in  water-cements,  if  used  in  the  following  manner; 
mix  together  four  parts  of  gray  clay,  six  of  the  black  oxide  of 
manganese,  and  ninety  of  good  limestone  reduced  to  fine  pow- 
der; then  calcine  the  whole  to  expel  the  carbonic  acid.  When 
this  mixture  has  been  well  calcined  and  cooled,  it  is  to  be 
worked  into  the  consistence  of  a  soft  paste  with  sixty  parts  of 
washed  sand.  If  a  lump  of  this  cement  be  thrown  into  water, 
it  will  harden  immediately. 

IV.  Of  Brick  Bond  and  ir«//fn(/.— When  a  brick  is  laid  so 
that  its  length  is  in  the  direction  of  the  length  of  the  wall,  it  is 
called  a  streUher  ;  and  when  its  length  crosses  that  of  the  wall, 
it  is  called  a  header. 

The  term  bond  is  applied  to  any  disposition  of  the  bricks,  by 
which  the  continuity,  in  a  straight  line,  of  the  joints  of  a  wall 
is  interrupted.  It  is  obvious  that  a  bond  may  be  adopted, 
which  will  interrupt  the  rectilinear  direction  of  both  the  hori- 
zontal and  vertical  joints  of  a  wall  ;  but  in  the  two  liinds  of 
bond  which  have  hitherto  prevailed,  the  horizontal  joints  are 
continued  in  the  same  line  round  the  whole  building,  and  the 
vertical  ones  only  interrupted.  When  the  wall  is  only  intended 
to  be  half  a  brick,  or  fonr  inches  and  a  half  in  thickness,  the 
whole  of  the  bricks  are  laid  so  as  to  form  stretchers,  that  is, 
their  length  is  laid  in  the  direction  of  the  length  of  the  wall, 
and  the  bond  is  obtained  simply  by  making  the  vertical  joints 
in  every  course  exactly  opposite  the  middle  of  the  bricks  above 
and  beiow.  But  when  the  wall  is  intended  to  be  the  length  of 
a  brick  or  more  in  thickness,  it  would  be  apt  to  split  into  parts 
if  it  consisted  only  of  two  or  more  walls  separately  bonded,  as 
in  the  instance  just  mentioned  of  the  half  brick  wall.  The 
bricks,  therefore,  in  thick  walls,  must  be  connected  in  their 
breadth  as  well  as  their  length,  and  this  is  done  according  to 
two  principal  modes,  one  of  which  is  called  English,  the  other 
Flemish  bond. 

English  bond  consists  of  headers  and  stretchers  crossing 
each  other  in  separate  horizontal  courses.  In  Flemish  bond, 
the  headers  and  stretchers  are  placed  alternately  in  the  same 
horizontal  course.  Flemish  bond  is  now  so  common,  that 
hardly  any  other  kind  is  to  be  seen ;  it  is  preferred,  for  its  ap- 
pearance, to  the  English,  which  is  much  superior  in  point  of 
strength,  and  in  facility  of  execution.  Many  attempts  have 
been  made  to  unite  Flemish  facings  with  complete  bond,  but 
without  success.  Some  have  laid  thin  slips  of  iron  occasion- 
ally in  the  horizontal  joints  betw  een  the  two  courses  ;  and  others 
have  laid  diagonal  courses  of  bricks  in  the  core  of  thick  walls, 
so  as  to  cross  each  other  at  right  angles  in  successive  courses. 
T?y  the  latter  means,  though  the  bricks  in  the  middle  of 
the  core  have  a  strong  bond,  yet  as  they  form  triangular 
interstices  with  the  bricks  on  each  side,  the  bond  of  the  whole 
wall  is  very  incomplete.  As  the  adjustment  of  the  bricks  in 
one  course  must  depend  on  the  course  beneath,  the  latter,  in 
making  the  Flemish  bond,  must  be  seen  or  recollected  by  the 
workman.  The  view  of  the  joints  of  the  under  course  is  hin- 
dered by  the  mortar  with  which  they  are  covered,  to  bed  the 
bricks  of  the  succeeding  course  upon,  and  it  is  perplexing  for 
the  workman  to  recollect  the  arrangement  of  them,  so  that  he 
is  in   danfer  of  making  the  joints  frequently   to  correspond, 


and  thus  rendering  the  bond  imperfect.  In  the  old  English 
bond,  the  outside  of  each  course  points  out  the  proper  dis- 
position of  the  next,  so  that  it  is  an  easy  matter  for  the  work- 
man to  avoid  error. 

The  following  plans  of  walls  in  English  bond,  which  well 
deserve  to  be  revived  in  this  country,  will  render  this  subject 
more  intelligible  : 

The  annexed  figure  represents  the  bond  of  a  nine-inch  wall. 
In  order  that  two  vertical  joints  may  not  run  over  each  other, 
at  the  end  of  the  first  stretcher  from 
the  corner,  after  placing  the  return 
corner  stretcher,  which  becomes  a 
header  in  the  face  that  the  stretcher 
is  in  below,  half  the  length  of  which 
"H"^  it  covers,  a  half  brick  is  placed  on  its 

■"^-"^^  side,  so  that  with  the  return  corner 

stretcher,  it  extends  six  inches  and  three-quarters,  and  thus  a 
lap  of  two  inches  and  a  quarter  is  obtained  for  the  next  header  ; 
and  the  bond  is  continued  by  working  up  the  wall  with  alter- 
nate rows  of  headers  and  stretchers  mutually  crossing  each 
other.  The  half  brick,  or  brickbat,  thus  introduced,  is  called 
a  c/M«r,  and  must  be  divided,  it  will  be  understood,  through 
its  two  broadest  surfaces,  in  the  direction  of  their  length.  The 
same  eliect  might  be  obtained  by  the  introduction  of  a  three- 
quarter  brick  at  the  corner  of  the  stretching  course,  for  then 
when  the  corner  header  is  laid  over  it,  a  lap  of  two  inches  and 
a  quarter  will  be  left  at  the  end  of  the  stretchers  below  for  the 
next  header,  the  middle  of  which,  when  laid,  will  be  over  the 
joint  below  the  stretcher,  and  thus  constitute  a  bond  as  before. 
The  brick  for  the  three-quarter  bat,  or  closer,  must  be  divided 
through  its  two  broadest  surfaces,  in  the  direction  of  their 
breadth. 

The  English  bond  of  a  brick  and 
a  half,   or  fourteen-inch   wall,  ap- 
pears   in    this    figure.       Here    the 
stretching  course  is   so   disposed, 
that  the  middle  of  the   breadth  of 
the  bricks  in  the  same  layer  or  level, 
falls  alternately  upon  the  middle  of 
the  stretchers,  and  upon  the  joints 
between  the  stretchers. 
The  English  bond  of  a  two-brick  wall,  fig.  \-     To  break   the 
joints  in  the  core  of  the  wall,  every  alternate  header,  in  the 
heading  course,  is  only  half  a  brick  tliic  k.     The  English  bond 
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of  a  wall  two  bricks  and  a  half  in  thickness,  fig.  2.     The  dispo- 
sition of  the  bricks  is  similar  to  that  of  those  in  fig.  I. 

Part  of  the  front  of  a  wall  in  English  bond,  fig.  3,  the  un- 
broken side  being  the  corner.  The  Flemish  bond  of  a  nine- 
inch  wall,  fig.  4.  Two  stretchers  lie  between  two  headers  ; 
and  bricks  being  twice  as  long  as  they  are  broad,  the  breadth 


Fig.  3. 


Fig.  4. 


of  the  two  stretchers  is  e(iual  to  the  length  of  the  header,  which 
is  the  whole  thickness  of  the  wall.  The  dotted  lines  shew  the 
disposition  of  the  bricks  in  the  second  course. 
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The  Flemisli  bond  of  a  brick  and  a  half  or  fourteen-inch 
wall,  fig.  5.  On  one  side  the  bricks  are  laid  as  in  lis;.  4,  and 
on  the  other  side,  half  headers  are  placed  opposite  the  middle 
of  the  stretchers,  and  the  middle  of  the  stretchers  opposite  the 
middle  of  the  end  of  the  headers.     Fig.  6,  another  example  of 
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Flemish  bond,  for  a  wall  of  the  same  thickness  as  tl.e  last. 

Here  the  disposition  of  the  bricks  is  alike  on  both  sides  of  the 

wall,  the  tail  of  the  headers   being 

placed  contiguous  to  each  other,  an 

arrangement  that  produces,  in  the 

core   of  the   wall,   square   spaces, 

whinh  must  be  filled  with  half  bricks. 

Fig.  7,  part  of  the  front  of  a  wall  in 

Flemish  hond,  reacliiug  on  one  side 

to  the  corner. 

Fig.  1,  2,  3,  and  4,  in  the  following  engraving,  exhibit  plans 
of  brick  piers  in  Flemish  bond.  No.  1,  in  each  figure  shews 
the  bottom  course,  and  No.  2  the  upper  course;  or,  which 
amounts  to  the  same  thing.  No.  2  may  be  considered  the  lower 
coarse,  and  No.  1  will  then  be  the  upper  one. 


Fig.  1,  is  a  pier,  two  bricks,  that  is,  eighteen  inches,  square  ; 
for  in  speaking  of  the  thickness  of  a  wall  or  pier  as  consisting 
of  so  many  bricks,  the  length  of  a  brick  is  alwajs  to  be  under- 
stood. Fig.  2,  a  two  and  a  half  brick  pier.  Fig.  ,3,  a  pier  three 
bricks  square.     Fig.  4,  a  pier  three  bricks  and  a  half  square. 

Before  we  take  leave  of  the  subject  of  bond,  we  must  remark, 
that  a  patent  has  within  a  few  years  been  taken  out,  by  Moore 
and  Co.  of  London,  for  a  vertical  bond,  whl(;h  is  intended  to 
supersede  the  use  of  the  bond  timbers  introduced  to  secure 
the  equal  settlement  of  the  wall.  In  case  of  fire,  when  ilie 
bond  timbers  of  a  house  are  consumed,  the  falling  of  the  wall 
almost  necessarily  follows.  The  patentees,  therefore,  instead 
of  these  timbers,  place  rows  of  hard  strong  hricks  perpendicu- 
larly in  the  middle  of  their  walls,  at  short  distances  from  each 
other  in  height  as  well  as  horizontal  measurement,  and  they 
place  each  row  of  the  perpendicular  briclis  in  such  a  manner, 
as  to  be  opposite  the  middle  of  the  space  between  the  row 
standing  in  the  same  position  immediately  above  or  below  it. 
This  plan  for  obtaining  a  vertical  bond  seems  new  and  inge- 
nious, and  is  applicable,  as  indeed  the  patentees  observe,  to 
stone  walls,  as  well  as  to  those  of  brick. 

The  following  figure  represents  a  straight  arch,  which  is 
usually  made  the  height  of  four  courses  of  brick  ;  but  in  con- 
siderable buildings,  it  may  with  great  propriety  be  made  the 
height  of  five  courses.  The  manner  of  drawing  the  joints  of  a 
straight  arch  will  be  evident  from  an  inspection  of  the  figure. 
The  joints  of  the  areh-stones  must  all  be  made  to  lie  in  a  direct 
one  to  the  point  C.  The  point  C  is  easily  obtained,  as  it  is  as 
4!). 
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far  from  the  points  .K  and  B,)  which 
iire  separated  by  the  whole  breadth 
of  the  aperture,)  a.s  A  and  B  are 
Irom  each  other.  Hence  the  lines 
connecting  A,  B,  and  C,  form  an 
e<|uilateral  triangle.  To  key  the 
arch  in,  it  is  usual  to  have  a  brick, 
and  not  the  joint  between  two 
bricks,  in  the  centre  ;  and  therefore 
the  division  of  the  arch  must  be 
managed  accordingly.  Though  the 
brick  in  the  middle  tapers  more  in 
the  same  length  than  the  extreme  bricks,  yet  as  the  dilTcrence 
is  very  small,  it  is  dis;egarded,  from  the  great  convenience  of 
drawing  all  the  bricks  with  the  same  mould.  It  may,  however, 
he  observed,  that  the  real  taper  of  the  mould  may  be  a  medium 
between  that  required  for  the  middle  and  that  for  either  ex- 
treme distance.  But  whether  this  be  done  or  not,  the  defect 
iK\\\  not  appear  in  practice. 

Fig.  1,  a  scheme  arch,  one  brick,  that  is,  nine  inches  blgb. 
Fig.  2,  a  semicircular  arch,  one  brick  high. 

Fig.  1.  Fig.  2. 


The  subjoined  figure  is  an  elllptica'  arch,  one  brick  high,  the 
top  of  which  is  divided  into  equal  parts,  and   not  the  under 
side.       It    is    struck    from    three 
centres.  A,  B,  and  C. 

The  arches  delineated  in  the  last 
three  figures  arc  often  made  a  brick 
and  a  half,  or  even  tw  o  bricks  high  ; 
but  Hor  crowning  the  apertures  of 
ordinary  dwellings,  the  height  of 
one  brick  is  deemed  sudieient,  both 
for  stability  and  appearance.  In 
arches  of  one  brick  high,  when  the 
walls  are  only  half  a  brick  thick, 
it  is  evident  there  is  no  necessity 
for  joints  following  the  course  ot 
the  arch  in  every  alternate  brick.  Accordingly,  these  joints, 
in  such  walls,  are  generally  false  ones,  being  merely  nicks  of 
little  depth  cut  with  the  tin-saw  ;  and  are  made  as  a  kind  o. 
decoration,  in  arches  exposed  to  view,  to  give,  when  pointed 
along  with  the  other  joints,  a  more  lively  appearance.  But 
when  the  walls  are  of  one  brick  or  a  greater  thickness,  the 
joints  in  question  must  be  real,  and  formed  of  two  bricks 
disposed  as  headers,  for  the  sake  of  bond. 

.  :         ,.         ;  ;         .  This  figure  is  a  plan  of  Tap 

'•."-,     ij     .■•'.■■','';     \\     .•■'.•■'        per's  improved  method  of  groin- 

' '  '  ing.  The  improvement  consists 

in   raising  the  angles  from  an 

octagonal    pier    instead    of  a 

square  one.     By    this    means, 

the   angles    of  the   groins    are 

strengthened   by    carrying  the 

band    round   the  diagonals   of 

equal   breadth,  thus   affording 

■'.•     :  ■.,-.     .••■_..■■  :  :-,'■.,  better  bond  to  the  bricks,  which 

'.-•■     :  ■     '■•..■■'!.■■'     i  :     ■■.'•.        are  usually  so  much  cut  away, 

■  '  that  instead  of  sriving  support, 

they  are  themselves  supported  by  the  adjacent  filling-in  arche.s. 

S(|uare  piers  arc  very  inconvenient  in  cellars,  by  hindering  the 

turtiing  of  goods  round  their  angles. 

In  dilferent  parts  of  the  country,  it  will   naturall.  be  sup- 
6  E 
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posed  that  many  differences  of  prartice  will  prevail  in  the 
details  of  building.  Several  of  these  diflerences  originate  in  local 
peculiarities  of  materials,  of  one  kind  or  another;  but  there  is 
one,  not  belonging  to  this  class,  respecting  which  we  might 
have  expected  to  find  a  ver}'  general  uniformity  of  practice. 
In  London,  and  a  wide  district  around,  the  scallokling  for  the 
■workmen,  in  erecting  the  walls  of  a  building,  is  externa! ;  but 
in  Liverpool,  and  several  other  parts  of  Lancashire,  and  adja- 
cent' counties,  the  scaflokling  is  wholly  within  the  building, 
whatever  may  be  its  size  or  consequence.  On  the  merits  of 
either  plan  we  shall  not  offer  a  decisive  opinion  ;  yet  we  may 
remark,  that  external  scaffolding  is  not  only  the  most  expensive, 
but  has  an  air  of  insecurity  to  the  workman,  and  of  incompact- 
ness,  which  is  unpleasant  to  the  observer,  especially  when  he  is 
aware  that  such  cumbersome  appurtenances  may  be  dispensed 
with.  In  populous  towns,  or  confined  places,  also,  the  en- 
croachment of  external  scaffolding  upon  the  street,  is  not  a 
trilling  inconvenience,  particularly  as  the  bricks  and  other  ma- 
terials must  be  at  some  distance  bejond  its  limits,  to  prevent 
accidents.  Interior  scaffolding,  on  the  contrary,  being  sup- 
ported on  the  joists  of  each  floor  as  the  work  proceeds,  is 
erected  with  little  trouble  or  expense,  the  workman  marks  his 
joints  witb  as  much  ease  and  regularity  as  if  he  were  at  the 
outside,  such  a  thing  as  a  falling  brick  or  splinter  is  hardly 
known,  and  the  bricks  and  other  materials  may,  if  necessary, 
be  laid  close  to  the  wall,  so  as  to  occasion  little  inconvenience 
in  the  street. 

To  obtain  the  desirable  requisite  of  dry  walls,  we  have 
already  observed,  that  the  usual  resort  is  the  use  of  interior 
lathwork.  and  have  adverted  to  the  means  of  preventing  this 
expense,  by  a  proper  composition  of  the  mortar  or  stucco. 
Another  expedient  in  common  use,  intended  to  secure  the 
dryness  of  the  walls  when  lathwork  is  deemed  too  expensive, 
consists  in  leaving  a  portion  of  the  bricks  in  the  core  or  middle 
of  the  walls,  without  mortar  from  the  top  to  the  bottom.  The 
interstices  thus  left,  serve,  in  some  measure,  the  same  purpose 
as  the  space  between  the  lathwork  and  the  bricks.  Perhaps 
the  reference  to  a  figure  may  make  the  nature  of  the  plan  more 
easily  apprehended.  In  the  nine  inch  wall,  in  the  elliptical 
arch,  the  longitudinal  joint  ab,  and  the  middle  third,  or  from 
e  to  f,  of  the  transverse  joint  c  d,  would  be  left  without  mortar  ; 
and  the  same  thing  is  done  to  all  the  other  joints  or  portions  of 
joints  similarly  situated.  By  this  contrivance,  the  bond  of  the 
wall  is  greatly  weakened  ;  but  strength,  it  will  be  perceived,  is 
not  the  object  of  it ;  the  w  alls  in  the  inside  are  drier,  they  look 
as  well,  the  house  will  let  for  as  high  a  rent  as  a  stronger,  and 
its  instability  is  left  for  the  purchaser,  or  the  next  generation, 
to  discover.  It  has  not  unfrequently  happened,  however,  that 
the  slightness  of  modern  houses  has  been  quickly  proved,  by 
their  having  tumbled  down  before  they  were  even  finished. 
There  is  one  advantage  of  casing  external  walls  with  lathwork, 
which  is  independent  of  damp,  and  therefore  not  the  object, 
though  the  consequence,  of  that  operation.  As  air  is  one  of 
the  most  imperfect  conductors  of  heat  know  n,  the  column  of  it 
included  between  the  plaster  or  stucco  and  the  bricks,  tends 
to  prevent  the  temperature  of  apartments  from  being  affected 
by  sudden  vicissitudes  in  the  heat  of  the  external  atmosphere. 
Lathwork  casing  should  be  composed  of  well-seasoned  heart 
laths,  as  the  sap  laths  will  shrink.  Reeds  are  used  instead  of 
laths  in  some  parts  of  the  country  :  but  they  require  a  greater 
quantity  of  mortar  than  laths,  and  produce  on  the  whole  little 
or  no  saving. 

Frost  is  exceedingly  prejudicial  to  new  brick-work,  and  its 
effects  ought  to  be  suarded  against  with  the  utmost  care. 
When  it  is  apprehended,  the  wall  should  not  be  left  uncovered 
at  night;  a  capping  of  straw  or  of  weather-boarding  formed 
like  the  roof  of  a  house,  to  carry  oir  the  rain  ecjually  on  both 
sides,  if  any  occur,  is  generally  employed  ;  and  sometimes  for 
the  more  complete  security,  both  the  straw  and  the  boarding 
are  employed  at  the  same  time,  the  straw  being  placed  next 
the  wall.  In  winter,  the  nioi  tar  should  be  used  stiller  than  at 
other  seasons,  and  if  a  quantity  of  lime,  which  is  quite  fresh, 
or  has  been  kept  in  tight  casks  till  it  is  wanted,  were  reduced 
to  powder  without  slaking,  and  well  beat  up  with  it,  the  set- 
ting of  it  would  be  very  materially  hastened.  Where  strong 
work  is  required,  it  is  not  expedient,  even  in  winter,  to  relin- 


quish the  practice  already  recommended,  of  steeping  the 
bricks  in  lime-water;  and  when  this  is  done,  the  method  just 
mentioned  of  preparing  the  mortar  is  the  more  useful.  The 
bricks  should  not,  however,  be  laid  so  dripping  wet  in  winter 
as  in  warm  dry  weather.  When  the  practice  of  steeping  the 
bricks  in  lime-water  is  rejected  as  too  troublesome,  the  sprin- 
kling of  each  course  with  common  water  may  be  considered  the 
easiest  substitute  for  that  operation.  This  method  of  strength- 
ening the  work  was  adopted  in  the  building  of  the  College  of 
Physicians,  London,  at  the  judicious  suggestion  of  Dr.  Hooke. 

If  the  moitar  has  been  suffered  to  lie  any  time,  previous  to 
its  being  used,  the  labourer  should  beat  it  up  again  to  give  it 
tenacity,  and  to  prevent  the  bricklayer  from  losing  time  in 
working  it  with  his  trowel. 

In  working  up  the  wall,  it  is  by  no  means  advisable  to  work 
more  than  four  or  five  feet  in  height  at  a  time  ;  for  as  all  walls 
shrink  a  little  soon  after  building,  if  the  different  parts  of  the 
circuit  of  the  walls  or  carcass  be  carried  up  at  distant  inter- 
vals, one  part  will  sink  by  itself,  and  will  consequently  sepa- 
rate from  the  other  part  which  has  become  fixed.  No  portion 
of  a  wall  ought  to  be  carried  up  more  than  the  height  of  one 
scaffold  above  the  rest,  except  in  sonie  case  of  pressing  emer- 
gency. In  carrying  up  any  particular  part,  each  side  on  the 
right  and  left  should  be  sloped  off,  to  receive  the  bond  of  the 
adjoining  work. 

When  the  house  the  bricklayer  is  employed  apon  is  intended 
to  have  other  houses  parallel  with  it,  half  bricks  in  a  straight 
line  with  the  front,  should  be  left  projecting  from  every  alter- 
nate course,  at  the  corner  or  corners  to  which  the  addition  is 
intended  to  be  made  ;  or  otherwise,  an  excavation  equal  to  the 
breadth  of  a  brick  in  front,  and  to  the  thickness  of  the  wall 
from  front  to  back,  should  be  left  in  the  alternate  courses.  In 
either  case,  the  two  fronts  will  be  bonded  together,  and  the 
gaps,  so  frequently  deforming  contiguous  houses,  when  the 
fronts  have  been  built  independently  of  each  other,  will  be 
prevented. 

Bricks,  as  a  building  material,  have  several  advantages  over 
stone  ;  from  their  porous  texture,  they  unite  better  with  the 
cement,  are  much  lighter,  and  the  walls  built  with  them  are 
very  little  subject  to  damps  arising  from  the  condensation  of 
the  moisture  in  the  atmosphere.  When  all  materials  are  ready, 
a  good  workman  with  his  labourer  will  lay  a  thousand  or 
twelve  hundred  bricks  in  one  day. 

Brickwork  is  measured  by  the  square  foot,  reduced  to  the 
thickness  of  one  brick  and  a  half;  thus  a  wall  two  bricks 
thick,  ten  feet  long,  and  three  feet  high,  and  therefore  contain- 
ing only  thirty  square  feet  of  surface  in  front,  would  be  called 
forty  feet  reduced.  It  is  valued  by  the  rod  of  two  hundred  and 
seventy-two  feel.  Facing  and  gauged  arches  are  measured  by 
the  superficial  square  foot ;  and  cornices  by  the  foot  running, 
or  length. 

v.  Masonrv. — Masonry  is  the  term  used  to  designate  the 
art  of  building  with  stone,  as  well  as  the  work  itself  when 
executed. 

All  calcareous  stones  used  in  masonry,  namely,  those  that 
burn  to  lime,  if  hard,  of  a  close  texture,  and  beautiful  appear- 
ance, from  the  variegation,  or  clearness  and  uniformity  of  the 
colours,  are  called  marble.  The  names  of  the  different  kinds 
of  marble  are  generally  derived  either  from  their  colour,  or  the 
place  where  they  are  obtained.  The  most  valuable  kind  of 
milk-white  marble  is  obtained  in  Italy,  and  is  too  costly  to-be 
often  used  for  any  but  the  smaller  ornamental  parts  of  build- 
ings. This,  when  cut  into  thin  slices,  is  semi-transparent. 
Many  parts  of  the  united  kingdom  abound  with  marble,  which 
is  mostly  more  or  less  coloured,  often  close  in  its  texture,  and 
capable  of  receiving  a  high  polish.  Derbyshire  and  Westmore- 
land, in  England,  are  the  counties  which  supply  the  greatest 
quantity  and  variety  of  marbles,  some  specimens  of  which  are 
highly  esteemed. 

When  marble  that  has  been  faced  with  a  chisel,  is  intended 
to  be  polished,  it  is  ground  by  rubbing  it  with  rough-grained 
freestone,  assisted  by  sand  and  water,  until  the  chisel  marks 
are  removed.  Finer  and  fine-grained  freestone,  with  water, 
but  no  sand,  is  then  used,  till  the  surface  becomes  very 
smooth.  If  the  finer  grit-stones  be  found  too  slow  in  their 
operation,  a  little  fine  flour  of  emery  is  used.    The  last  and 
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hiijliesl  lustre  is  given  willi  oxide  of  tin,  well  known  under  the 
name  of  putty.  When  tlie  surface  of  the  marble  to  be  polished 
has  been  cut  with  a  saw,  the  very  rough  freestone  and  sand  are 
not  necessary.  In  other  respects  it  must  be  finished  by  the 
same  process. 

Limestone  is  a  coarse  kind  of  marble,  and  is  cut  and  polished 
in  a  similar  manner.  In  many  districts,  it  forms  immense 
strata.  From  its  great  hardness,  it  is  only  hammer-dressed 
when  used  for  the  fronts  of  buildings;  but  when  this  is  done 
in  tlie  best  manner,  the  effect  is  very  fine. 

The  stone  most  commonly  used  in  London,  is  Portland  stone, 
which  is  brought  from  the  island  of  Portland  in  Dorsetshire. 
It  is  of  a  dull  whitish  colour,  though  the  buildings  constructed 
with  it  have  a  handsome  appearance.  When  recently  dug,  it 
is  soft,  and  easy  to  work,  but  acijuires  hardness  with  age. 
Although  it  contains  silcx,  the  hardness  it  acquires  is  not  so 
great  that  it  will  strike  fire  with  steel.  Under  great  pressure, 
Portland  stone  is  apt  to  splinter  at  the  joints. 

Purbcck  stone  is  brought  from  tlje  island  ofPurbeck,  also 
in  Dorsetshire  ;  it  is  mostly  employed  in  rough  work,  such  as 
steps,  paving,  &c. 

Freestone  is  a  general  name  for  stones  of  very  different  qua- 
lities as  to  their  value  in  building.  It  consists  of  clay  and 
silex,  sometimes  the  silex  amounts  to  nearly  one-half  its  weight, 
but  generally  it  is  considerably  less,  and  the  hardness  of  the 
stone  varies  with  the  proportions  of  its  component  p:irts.  It 
is  often  called  grit  or  sand  stone.  It  is  a  very  plentiful  stone  ; 
the  strata  of  entire  districts,  under  a  slight  covering  of  soil, 
appearing,  in  various  instances,  to  be  composed  of  it.  The 
particles  of  some  kinds  of  it  have  so  little  cohesion,  that  small 
bits  maybe  granulated  between  the  lingers;  this  i.s  the  sort 
commonly  used  for  filtering  stones.  All  kinds  of  it  are  softer 
when  taken  out  of  the  quarry,  than  they  afterwards  become 
when  dry,  or  after  long  exposure  to  the  atmosphere.  Freestone 
is  generally  about  two  and  a  half  times  the  weight  of  water. 
That  from  Hollington,  near  Utoxeter,  is  of  a  whitish  or  yellow- 
ish gray;  that  from  Knipersly,  in  Staffordshire,  is  of  a  bluish 
gray,  and  so  infusible  as  to  be  used  as  a  lire  stone.  The 
colour  of  freestone  is  often  a  dull  red,  but  sometimes  so  nearly 
white,  that  buildings  constructed  with  it  look  as  well  as  those 
of  Portland  stone.  Different  parcels  of  freestone,  taken  from 
the  same  quarry,  frequently  exhibit  a  considerable  diversity  of 
colour;  a  circumstance  which  gives  a  motley  appearance  to 
buildings  in  other  respects  perhaps  faultless.  When  the  stone 
has  been  recently  dug,  and  is  damp,  these  differences  arc  often 
not  perceptible.  If,  therefore,  uniformity  of  appearance  be 
desired,  the  stones  should  be  faced,  dried,  and  sorted  before 
they  are  used.  Freestone  is  incapable  of  receiving  a  polish, 
and  therefore,  when  it  has  been  cut  with  a  saw,  it  is  rarely  sub- 
mitted to  any  subsequent  operation  to  produce  greater  smooth- 
ness ;  but  when  it  has  been  reduced  with  the  chisel,  it  is  made 
smooth  with  another  piece  of  stone  of  the  same  kind,  along 
with  sand  and  water.  When  the  freestone  has  a  laminated 
texture,  it  is  called  (lag-stone,  and  is  divided  into  thin  pieces 
for  the  purpose  of  covering  houses,  and  for  flooring. 

The  position  which  stones  have  had  in  the  quarry,  is  not  a 
matter  of  indill'erence  to  the  attentive  mason.  Stones  intended 
to  sustain  great  vertical  pressure,  as  pillars,  should  stand  in  a 
building  as  they  stood  in  the  quarry  from  which  they  were 
taken;  for  pillars,  the  axis  of  which  were  horizontal  in  the 
quarry,  when  placed  perpendiculaily,  are  apt  to  split  under  a 
great  strain.  Perhaps  all  stones,  however  solid  they  may 
appear,  possess  more  or  less  of  a  laminated  texture, — a  pro- 
perty doubtless  occasioned  by  separate  depositions,  or  crystal- 
lizations of  their  peculiar  matter.  Mhat  kind  of  a  pillar  any 
stone  well  known  to  be  latninated,  would  produce,  in  different 
positions,  it  is  not  difficult  to  conjecture.  If,  for  example,  a 
block  of  flag-stone  were  converted  into  a  pillar,  so  as  to  leave 
each  lamina  or  flagof  which  it  is  composed  posited  horizontally, 
it  would  sustain  any  weight  not  capable  of  crushing  it  to  atoms  ; 
but  if  the  lamina  were  placed  in  an  inclined  position,  so  as  to 
form  an  acute  angle  with  the  axis,  an  inconsiderable  pressure 
would  occasion  them,  where  the  cohesion  was  slightest,  to 
slide  over  each  other  ;  lastly,  if  the  lamina  were  placed  parallel 
to  the  axis,  the  pillar,  under  suflicient  pressure,  would  divide 
vertically  into  several  parts,  and  though  rather  stronger  than 


in  the  last  instance,  would  still  be  comparatively  weak.  An 
attention  therefore  to  the  position  of  stones,  and  to  veins  or 
other  signs  which  may  indicate  the  existence  of  lamina,  well 
deserves  the  mason's  regard. 

VI.  Of  Cements  for  Masonry. — The  cement  used  by  the 
mason  for  the  ordinary  purposes  of  walling,  is  mortar,  differinff 
not  from  that  used  by  the  bricklayer  ;  and  as  we  have  already 
treated  of  this  subject  rather  at  length,  a  few  remarks  in  this 
place  will  sufTice.  For  the  joints  of  hewn  stone,  the  mortar 
should  be  much  finer  than  the  bricklayer  requires  ;  and  some- 
times a  mixture  of  oil  putty,  or  very  thick  white-lead  paint,  is 
used  as  the  cement.  These  compositions  will  last  longer  than 
almost  any  stones,  and  will  remain  prominent  when  the  face  of 
the  softer  kinds  of  stone  has  been  corroded  by  age. 

The  cement  used  in  setting  column  stones,  is  mostly  oil- 
patty,  or  white  lead  mixed  with  chalk-putty,  or  fine  mortar. 
Sometimes  columns  are  set  upon  milled  lead  ;  in  this  case,  the 
lead  should  not  be  quite  equal  to  the  column  in  diameter,  but 
so  as  to  leave  a  narrow  ring  externally,  which  must  be  filled 
with  oil-putty. 

In  situations  not  exposed  to  damp,  plaster  of  Paris  is  em- 
ployed as  a  bedding  for  stones  or  marble.  When  a  mantle-piece 
is  composed  of  valuable  marble,  the  various  pieci-s  are  com- 
monly very  thin.  In  this  ease,  a  considerable  thickness  of  plas- 
ter of  Paris  is  laid  on  the  back,  and  a  slate  or  some  ordinary 
stone  bedded  in  it,  to  give  greater  strength.  Good  plaster  of 
Paris  is  scarcely  to  be  met  with,  nor  are  the  causes  of  its  im- 
perfections generally  understood  by  workmen.  We  shall 
therefore  point  them  out,  and  give  directions  for  preparing  it 
of  a  uniform  and  excellent  quality,  when  we  treat  of  casting 
ing  in  plaster. 

The  Greeks  and  Romans  constructed  their  works  of  wrought 
stone  without  cement;  but  as  they  used  a  profusion  of  cramps 
and  bands  of  iron  and  bronze,  and  the  beds  of  the  enormous 
stones  they  used  were  finished  with  almost  mathematical  pre- 
cision, their  edifices  were  substantial  and  durable  in  the 
highest  degree.  Metallic  bands  and  cramps  are  still  used  in 
aquatic  works,  as  well  as  for  lofty  steeples,  and  other  slender 
buildings  mu''h  exposed  to  the  action  of  the  winds,  also  to 
connect  the  different  stones  composing  mantle-pieces,  &ic.  with 
the  wall. 

Vn.  Of  Stone  Walls. — The  propriety  of  erecting  suspended 
or  inverted  arches,  according  to  circumstances,  and  other 
general  directions  already  given  respecting  foundations,  being 
as  applicable  to  stone  walls  as  to  those  of  brick,  need  not  be 
adverted  to  again.  The  explanation  of  a  few  technical  terms 
will  therefore  be  our  first  oliject. 

Stones  which  run  through  the  thickness  of  a  wall,  in  order  to 
bind  it,  are  called  hand  stones;  in  some  parts  of  the  country 
they  obtain  the  name  o(  tlirough  stones. 

When  the  side  or  sides  of  a  wall  lean  back,  so  that  the  plumb 
would  fall  within  the  base  of  the  wall,  the  inclination  is  called 
battcrinr/  ;  it  is  generally  made  about  one  incli  in  a  foot. 

The  large  stones  at  the  Irase  of  a  foundation,  which  project 
beyond  the  \crtical  surface  or  front  of  the  superiucuuibent 
wall,  are  called  /"uw^ih^j. 

The  parts  of  a  wail  between  apertures,  or  between  an  aper 
ture  and  the  corner,  are  called  piers. 

The  berls  of  a  stone  are  its  upper  and  under  surface,  which 
are  generally  in  a  horizontal  position  within  the  wall. 

Walls  built  with  unhewn  stone,  with  or  without  mortar,  are 
called  ruhhif  nnl/s.  Hubble  walls  are  of  two  kinds,  the  coursed 
and  the  uneoiirsed.  In  the  coursed,  the  stones  are  hammer- 
dressed  or  axed,  and  adjusted  by  a  sizing  rule,  so  that  each 
row  of  stones  forms  an  horizontal  surface.  In  the  uncouised, 
the  stones  are  used  in  a  rough  state,  nearly  as  they  come  out 
of  the  quarry. 

Walls  which  are  faced  with  squared  stones,  hewn  or  rubbed, 
and  backed  with  rubble,  stone,  or  brick,  are  called  ashlar. 

Wall-plates  are  horizontal  pieces  of  timber,  commonly  laid 
even  with  the  interior  of  walls,  for  the  ends  of  the  joists  and 
other  timbers  to  rest  upon. 

The  footings  of  walls  ought  to  consist  of  the  largest  stones 
which  can  be  conveniently  procured.  It  is  better  to  have  Ihein 
of  a  rectangular  form  than  any  other,  and  if  not  square,  their 
largest  surfaces  should  be  laid  horizontally.     With  this  shape 
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and  disposition,  tliey  will  mal^e  the  greatest  resistance  to  sink- 
ina:.  n  the  stoiiesintcnded  to  be  employed  as  footings  deviate 
materially  from  a  rectangular  figure,  when  received  irom  the 
qnarry,  they  ought  to  be  hammer-dressed  ;  as.  if  they  taper 
downwards,  or  rest  upon  angular  ridges,  they  will  be  apt  to 
give  way  under  the  weight  of  the  superstructure.  When  the 
footings  can  be  obtained  the  full  breadth  of  the  wall  in  one 
piece,  they  are  to  be  preferred  ;  but  when  a  sufhcient  number 
of  stones  of  this  description  cannot  be  obtained,  then  every 
alternate  stone  in  the  course  may  be  the  whole  breadth,  with 
two  stones  next  to  it,  disposed  like  two  stretchers  in  a  nine- 
inch  wall  of  Flemish  brick-work.  When  tlie  largest  stones 
which  can  be  conveniently  obtained,  are  insufficient  even  for 
the  latter  arrangement,  the  most  suitable  which  cnn  be  pro- 
cured, must  be  disposed  so  as  to  break  in  the  best  manner 
circumstances  will  admit,  the  vertical  joints  in  thesame  course, 
as  well  as  those  of  the  dill'erent  courses  with  respect  to  each 
other.     Each  course,  also,  should  be  well  bedded  in  mortar. 

When  bond  timber  will  be  required,  the  uncoursed  rublde  is 
an  inconvenient  mode  of  building,  as  the  heights  on  which 
they  are  disposed  must  be  levelled.  The  best  kind,  or  coursed 
rubble,  admits  of  bond  timbers  without  difticulty,  for  though 
the  dill'erent  courses  are  not  of  the  same  height,  the  surface  of 
each  of  them  is  level  ;  but  as  the  walls  in  which  bond  timbers 
are  introduced,  are  apt  to  warp  or  even  fall  in  case  of  fire,  the 
use  of  them  shonld  be  avoided  in  strong  well-built  walls. 

The  stones  of  an  ashlar  front  should  have  their  upper  and 
under  surface  correctly  parallel  with  each  other,  and  correctly 
at  right  aogles  to  the  face.  If  these  surfaces  be  carelessly  left 
concave,  they  will  be  apt  to  splinter  near  the  edge  under  great 
pressure.  On  the  right  and  left  they  shonld  taper  inwards,  but 
the  taper  should  not  be  continued  quite  to  the  face,  though 
it  may  reach  the  face  within  an  ineli  or  two.  The  ashlar 
stones  having  the  form  of  a  truncated  wedge,  they  will  in  each 
course  present  a  series  of  angular  indentations  within  the 
wall,  like  the  spaces  between  the  teeth  of  a  saw.  The  stones 
are  so  selected  and  disposed  that  the  vertical  or  upright  joints, 
and  consequently  the  angular  spaces,  of  one  course  fall  on  the 
middle  of  the  stones  below,  liy  this  means  the  ashlar  face  is 
bonded  to  the  rubble,  brick,  or  rough  stone  of  the  back,  and 
the  strength  of  the  wall  much  greater  than  if  each  stone  was 
of  an  equal  rectangular  figure.  Strength  is  also  to  be  pro- 
moted by  adopting  a  plan  not  commonly  regarded,  that  of 
sorting  the  stones,  so  that  in  each  alternate  course  they  will 
extend  farther  into  the  wall  than  those  of  the  course  immedi- 
ately above  and  below.  In  ashlar  work,  the  bond  stones, 
which  ought  frequently  to  be  introduced,  cannot  like  the  other 
stones  have  a  wedge-like  form  ;  they  must  be  rectangular  ;  and 
they  produce  the  best  effect,  when  so  disposed  in  eachcourse  that 
they  will  be  opposite  the  middle  of  the  space  between  the  two 
bond  stones  in  the  course  immediately  above  and  beneath  them. 

VIII.  Of  Slone  Columns. — When  large  stone  columns  are 
made  in  one  piece,  their  cliect,  from  that  circumstance  alone,  is 
very  striking;  but  as  this  advantage  is  not  always  obtainable, 
the  next  object  is  to  make  the  joints  as  few  and  as  minute  as 
possible,  as  well  as  to  be  very  attentive  in  selecting  the  difier- 
cnt  stones  to  be  combined,  that  the  joints  may  not  be  described 
at  a  distance,  by  the  commencement  of  a  different  colour.  From 
what  has  been  said  in  the  section  on  the  dill'erent  kinds  of  stone, 
it  will  be  understood  that  none  lait  horizmital  joints  <an  be 
allowed  in  any  shaft ;  all  others  being  inconsistent  with  the 
laws  of  strength. 

The  stones  proper  for  an  intended  column  being  procured, 
and  the  order  in  which  they  are  to  succeed  each  other  being 
deteruiined,  the  next  consideration  will  be  to  ascertain  the 
exact  diameter  proper  for  each  end  of  every  one  of  thetn.  For 
this  purpose,  draw  an  elevation  of  tlie  proposed  column  to  tlic 
full  size,  divide  it  by  lines  parallel  to  tlie  base,  into  as  many 
heights  as  the  column  is  intended  to  contain  stones,  taking 
rare  that  none  of  the  heights  exceed  the  length  that  the  stones 
will  produce.  The  working  of  the  stones  to  the  diameters 
thus  obtained  then  becomes  easy.  The  ends  of  each  stone 
must  first  be  wrought  so  as  to  form  exactly  true  and  parallel 
planes.  The  two  beds  of  a  stone  being  thus  formed,  find  their 
centres  and  describe  a  circle  on  each  of  them.  Divide  these 
circles  into  the  same  number  of  equal  parts,  whidi  may  for 


example  amount  to  six  or  eight.  Draw  lines  across  each  end 
of  the  stone,  so  that  they  will  pass  through  the  centre  and 
through  tlie  opposite  divisions  of  the  same  end.  The  extre- 
mities of  these  lines  are  to  regulate  the  progress  of  the  chisel 
along  the  surface  of  the  stone,  and  therefore  when  those  of 
one  end  have  been  drawn,  those  of  the  other  must  be  made  in 
the  same  plane,  or  opposite  to  them  respectively.  The  cylin- 
drical part  of  the  stones  must  be  wrought  with  the  assistance 
of  a  straight-edge  ;  but  fur  the  swell  of  the  column,  a  dimi- 
nishing rule,  that  is,  one  made  concave  to  the  line  of  the  co- 
lumn, must  be  employed.  This  diminishing  rule  will  serve  to 
plumb  the  stones  in  setting  them.  If  it  be  made  the  whole 
length  of  the  column,  the  heights  into  which  the  elevation  of 
the  column  is  divided,  should  be  marked  upon  it,  so  that  it 
may  be  applied  to  give  each  stone  its  proper  curvature.  But 
as  the  use  of  a  long  diminishing  rule,  when  the  stones  are  in 
many  and  short  lengths,  would  be  inconvenient,  rules  corre- 
sponding in  length  to  that  of  the  difi'erent  heights  may  be  em- 
ployed with  advantage. 

Of  the  difi'erent  methods  which  may  be  practised,  to  obtain 
the  curvature  of  the  rule  to  be  used  in  the  diminution  of  the 
shaft  of  a  column,  the  following  may  be  considered  the  easiest 
and  best  adapted  for  general  use  :  Let  A  B,  in  the  annexed 
figure,  represent  the  height  of  the  column,  if  the  semi-diameter 
of  the  lower  part,  and  (/  h  the  semi-diameter  of  the 
^  upper  part,  according  to  the  customary  proponiou 
of  the  diminution.  As  the  lower  one-third  of  the 
column  must  be  cylindrical,  draw  a  line  from 
e  to  !,  parallel  to  A  B.  ^^'hat  we  now  want  is,  to 
obtain  a  curved  line  from  i,  which  will  fall  into  g 
without  making  the  diameter  of  the  upper  two- 
thirds  of  the  column  in  any  point  greater  than  tliat 
of  the  lower  or  cylindrical  third.  With  the  radius 
ik,  draw  the  quarter  of  a  circle  C.  Draw  a  line 
from  the  narrowest  part  of  the  column,  that  is, 
from  ;i,  parallel  to  the  axis  or  middle  line  A  B, 
till  it  cuts  the  quadrant  of  a  circle  C.  Divide 
the  arc  contained  between  i  and  the  point  where 
g  cuts  C,  into  four  equal  parts,  as  /,  in,  n,  o,  and 
divide  the  height  A/i  into  the  same  number  of 
divisions  as  this  arc,  as  1,2,3.  From  the  point 
m  draw  a  line  parallel  to  the  axis,  which  will  cut 
the  transverse  line3  at  v  ;  from  n  draw  another  line 
parallel  to  the  axis,  which  will  cut  the  transverse 
line  2  in  w ;  in  the  same  manner  draw  a  line  from  o 
to  the  transverse  line  I,  which  it  will  cut  in  x. 
Now  the  curved  line  of  the  column,  between  i  and 
g,  must  pass  through  the  points  x,io,v;  therefore 
at  or  near  all  the  points  from  i  lo  y  inclusive,  drive 
in  two  pins  or  nails,  in  such  a  manner  that  the 
direction  in  which  each  pair  of  nails  stand  shall 
be  the  same  as  the  transverse  lines  of  the  column. 
Between  each  pair  of  nails,  also,  there  must  be 
iust  sufficient  space  left  to  admit  a  thin  slip  of 
wood,  like  a  latli,  or  some  other  equally  flexible 
substance,  and  care  must  be  taken  to  fix  the  nails 
in  such  a  position,  that  when  this  slip  of  wood  is  placed 
between  them,  cither  its  inner  or  its  outer  perpendicular  sur- 
face shall  exactly  coincide  with  the  several  points  of  diminu- 
tion i,x,  tv,v,(/.  This  being  done,  it  is  easy,  with  a  pencil  or 
any  marking  instrument  suited  to  the  surface  worked  upon,  to 
draw  a  line  along  the  slip  of  wood,  which  line  will  be  the  curve 
of  the  shaft.  The  piece  intended  to  be  used  as  a  diminishing 
rule  may  have  the  curve  made  on  it,  or  transferred  to  it,  as 
may  be  deemed  most  convenient.  It  will  also  be  understood, 
tliat  the  nuiuber  of  the  parts  into  which  the  arc  li,  and  the 
height  Ak  are  divided,  and  which  determine  the  number  of 
diminishing  points  obtained,  may  be  varied  at  pleasure.  la 
no  case,  however,  can  it  be  considered  advisable  to  make  these 
divisions  fewer  than  four,  though  for  lofty  columns  they  may 
be  made  two  or  three  times  that  number,  as  they  constitute  so 
many  checks  upon  the  irregular  or  imperfect  flexibility  of  the 
lath  or  spring  rule.  As  so  much  of  the  beauty  of  a  shaft 
depends  upon  the  easy  and  imperceptible  transition  from  the 
cylindrical  to  the  tapering  part,  it  may  be  advantageous  to 
divide  the  arc  from  i  to  u  into  two  parts,  and  the  division  k  1, 
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of  the  shaft,  also  into  two  parts  ;  a  diminishing  point  will 
then  be  obtained  between  i  and  r,  which  will  be  of  use  to 
lessen  the  possibility  of  imperfection. 

Another  mode,  which  we  shall  recite,  of  diminishing  a  shHft, 
is  not  essentially  different  from  the  preceding  :  Divide  the  siiaft 
from  D  to  E.  in  the  first  fisure,  into  four  p.irts,  as 
1,2,3;  divide  the  space  E  F,  which  is  the  diifer- 
ence  between  the  superior  semi-diameter  My,  and 
the  inferior  or  lower  diameter  \)q,  into  the  like 
number  of  parts,  t)i>.  four.  Draw  lines  from  each 
division  on  E  F  tending  to  the  point  D.  The  first 
line  next  to  F  will  reach  to  D,  the  point  from  which 
the  diminution  commences,  in  a  direction  parallel 
to  the  axis  ;  the  next  line,  reckoning  from  the  same 
side,  will  give  the  point  a  ;  the  third  line  the  point 
i  ;  and  the  fourth  line  the  point  c;  a  line  from  the 
point  E,  which  is  the  limit  of  the  diminution,  need 
not  be  drawn.  The  points  E,  c,  b.  n,  D,  constitute 
the  places  wheie  the  nails  must  be  driven  in,  to 
direct  the  path  of  the  lath  as  in  the  last  example. 
Some  artists  prefer  this  mode  of  diminution. 
Here,  also,  as  before,  the  number  of  the  divisions  is 
optional,  but  a  greater  error  may  be  committed  by 
making  them  too  few  than  too  numerous. 

To  draw  the  Hutes  and  fillets  on  the  shaft  of  a 
column,  the  following  will  be  found  an  easy  and 
effectual  method  :  Let  A,  in  the  second  figure,  be 
the  shaft ;  make  a  hole  exactly  in  the  centre  of 
both  ends,  and  into  each  hole  drive  a  piece  of 
wood,  so  as  to  be  quite  tight,  and  to  project  five 
or  six  inches.  The  projecting  parts  4  6,  of  the 
pieces  of  wood,  must  be  well  rounded  off,  and 
made  exactly  in  the  middle  of  (he  ends.  Being 
provided  with  a  diminishing  rule,  made  as  above- 
mentioned  to  the  curve  of  the  shaft,  it  may  here 
be  used  as  the  ruler,  by  fixing  it  in  a 
groove  in  two  pieces  of  wood,  c  c,  so  as  to 
revolve  with  them  upon  the  pins  b  h.  The 
edge  of  the  rule  must  be  brought  very 
near  the  shaft,  and  one  side  of  it  must 
tend  exactly  to  the  centre,  which  is  done 
by  giving  that  direction  to  one  side  of  the 
grooves  in  c  c,  as  shewn  by  the  dotted 
lin^s  a  a.  As  the  diminishing  rule  d  is 
commonly  made  rather  slender,  and  there- 
fore will  be  apt  to  bend  with  the  force 
employed  to  draw  the  lines,  it  will  be 
proper  to  fix  a  piece  of  wood,  of  sufiicient 
thickness  to  keep  it  straight,  on  the  back, 
or  that  side  of  it  which  does  not  tend  to 
the  centre.  As,  in  marking  a  long  column, 
there  may  be  .some  difficulty  in  keeping 
the  rule  steady  while  the  lines  are  drawn, 
the  strong  piece  of  wood  thus  attached  to 
the  back  of  the  diminishing  rule  may  have 
one,  two,  or  more  screws,  acoording  to  its 
length,  passing  through  it,  as  /'/',  and 
pressing  against  the  shaft,  by  which  means 
the  rule  v»ill  be  staid  at  any  part  of  a 
revolution,  much  more  efi'ectually  than 
with  the  assistance  of  several  men.  The 
screws  ought  to  be  of  wood,  or,  if  iron, 
their  extremities  should  be  prevented 
from  injuring  the  stone,  by  the  interposi- 
tion of  a  flat  piece  of  metal,  or  some  other 
suitable  substance.  These  arrangements 
being  made,  the  lines  desired  may  be 
drawn  with  any  sharply-pointed  steel  in- 
strument kept  close  to  the  rule,  with  the 
greatest  ease  and  precision,  from  divisions 
previously  marked  at  one  end.  To  obtain 
these  divisions,  suppose  it  were  desired  to 
llute  the  Ionic,  the  Corinthian,  or  Compo- 
site columns,  the  circumference  at  one  end 
will  be  divided  into  six  equal  parts,  by  taking  half  the  diame- 
ter at  that  end,  and  applying  it  round  the  said  circumference; 
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and  if  each  of  these  divisions  be  divided  into  four,  the  whole 
circumference  will  be  divided  into  twenty-four.  In  order  to 
make  the  proportion  of  a  fiutc  to  a  fillet  as  one  to  tliree,  divide 
any  one  of  these  last  divisions,  or  twenty-fourth  part  of  the 
circumference,  into  four  equal  parts,  and  one  of  these  parts 
will  be  the  breadth  of  a  fillet;  uliiiih  btini;  set  off  from  the 
same  side  of  each  division,  the  whole  shaft  will  be  properly 
divided  for  flutes  and  fillets,  and  consequently  prepared  for  the 
use  of  the  rule. 

To  draw  the  flutes  and  fillets  on  a  diminished  pilaster,  make 
a  line  down  the  middle  of  the  face  of  it,  from  top  to  bottom  ; 
divide  this  longitudinal  line  into  any  convenient  number  of 
equal  parts,  and  through  the  points  of  division  draw  transverse 
lines  crossing  the  breadth  of  the  pilaster;  set  off  the  fiules  and 
fillets  on  each  transverse  line  ;  fix  pins  or  nails  at  each  cor- 
responding point  of  the  transverse  line,  and  draw  the  lines 
with  the  help  of  a  pliable  slip  of  wood,  as  in  obtaining  the 
diminution  of  a  shaft. 

IX.  Stone-briclijes  have  been  explained.     See  Bkidgrs. 
Misci;llam;oi's  Rkmakks  rhlative  to  Biildino. 

Under  this  title,  we  shall  include  a  variety  of  particulars, 
either  not  belonging,  or  not  exclusively  bclongin;:,  to  Masonry 
or  Bricklaying.  Under  the  first  head  of  this  subdivision  of  the 
ihapter  on  Building,  the  earliest  notice  seems  due  to  a  sketch 
of  the  general  rules  proper  to  be  observed  with  respect  to  the 

X.  Situatiun  and  Plan  of  Houses.  See  AkchitectL'RE. — 
With  respect  to  situation,  when  the  person  who  is  intending  to 
liuild  enjoys  the  advantage  of  choice,  the  proximity  of  marshes, 
lens,  of  a  boggy  soil,  or  stagnant  water,  should  be  avoided.  If 
a  river  be  very  near,  the  site  of  the  house  should  be  on  ele- 
vated ground,  so  as  to  be  out  of  the  reach  of  the  unwholesome 
fogs  and  mists  arising  from  it  early  in  the  morning.  A  neigh- 
bourhood where  cattle  thrive,  and  where  the  inhabitants  ate 
healthy  and  cheerful,  or  are  remarkable  for  their  longevity,  mav 
be  regarded  as  possessing  a  salubrious  air.  The  most  essential 
requisites  of  a  good  situation,  or  those  which  are  most  con- 
ducive to  health,  being  obtained,  minor  advantages  may  be 
regarded  according  to  their  importance.  Abundance  of  water, 
fuel,  and  ways  of  easy  access  to  arrive  at  the  house,  are  con- 
veniences of  lasting  value.  The  advantages  of  a  situation, 
1^ith  regard  to  prospect,  are  of  a  more  problematical  nature,  as 
they  are  so  differently  valued  by  different  persons.  .\  man  of 
taste  will,  however,  undoubtedly  prefer  a  spot,  the  prospect 
from  which  is  most  agreeably  diversified  in  the  distribution  of 
its  land,  wood,  and  water;  and  those  who  liave  little  or  no 
relish  for  the  charms  of  nature,  will  perha|is  consult  their  own 
comfort  more  than  they  may  be  awnre  of,  by  making  the  same 
choice.  There  are  very  few  so  obstinately  momse,  as  to  be 
uninfiucneed  by  the  opinions  of  others  ;  ami  to  observe  those 
about  them,  particularly  visitors,  warm  in  their  admiration  of 
the  surrounding  scenery,  may  create  a  beneficial  complacency 
«hich  they  would  otherwise  want. 

Trees  at  a  little  distance  from  a  house  are  better  than  hills, 
as  they  yield  during  the  day,  in  summer,  a  cooling,  refreshing, 
sweet,  healthy  air;  and,  in  winter,  break  and  diminish  the 
keenness  of  the  winds.  Hills  on  the  cast  and  south  side  are 
the  most  inconveniently  situated.  If  the  site  of  a  bouse  be 
low,  the  first  floor  shouid  be  set  so  much  the  hisher.  Cellars 
contribute  to  the  dryness  of  a  house,  if  the  ceilings  and  Ibiors 
be  good. 

With  respect  to  the  situation  of  the  parts  of  a  house,  the 
studies,  libraries,  and  chief  rooms,  particularly  the  bed-eliani- 
bers,  should  face  the  east ;  those  offices  which  require  heat,  as 
kitchens,  bre»  houses,  bakehouses,  and  distilleries,  should  have 
southern  aspects  ;  and  those  which  require  a  cool  fresh  air.  as 
cellars,  pantries,  dairies,  granaries,  a  northern  one,  nhich  is 
also  proper  for  galleries,  paintings,  museums,  &c.  which  require 
a  steady  light. 

When  a  situation  has  been  fixed  on,  the  plan  and  elevation 
of  every  part  should  be  made  by  some  person  well  acquainted 
with  the  theory  and  practice  of  building.  A  skilful  architect  will 
not  only  make  the  structure  handsome  and  convenient,  but  will 
save  the  great  expenses  often  incurred  in  rectifying  the  blunders 
of  hasty  and  injudicious  management.  For  a  small  building, 
the  elevation  of  each  front,  with  a  plan,  may  indicate,  with  suf- 
ffcient  correctness,  its  ultimate  advantage;  ;  but  lor  a  iatgf 
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mansion  or  structure  of  any  description,  consisting  of  many 
complex  parts,  tlie  most  cerliiin  way  to  prevent  mistakes,  is  to 
liav  a  perfect  model  of  the  whole  made  to  a  regular  scale.  In 
order  that  such  a  model  may  not  mislead  the  judgment  by  pleas 
iug  the  eye,  it  should  be  made  of  plain  wood,  of  one  colour. 

Lodges  and  small  houses,  standing  alone,  have  an  agreeable 
appearance  when  of  a  cubical  figure;  but  large  mansions  of 
this  shape  look  rather  clumsy  ;  an  oblong  is  therefore  commonly 
preferred,  care  being  taken  not  to  make  the  plan  so  long  as  to 
lose  much  room  in  the  passages  which  will  be  required,  and 
which  will  be  difficult  to  light.  When  the  length  of  a  mansion 
does  not  exceed  the  breadth  more  than  one-third,  the  propor- 
tion is  good. 

XI.  Of  Rooms. — The  principal  objects  to  be  regarded  in  the 
arrangement  and  proportions  of  rooms,  are  doubtless  those  of 
conveniency,  and  their  adaptation  to  health.  Rooms,  the  plan 
of  which  are  rectangular,  give  the  greatest  facility  to  conveni- 
ence of  arrangement,  without  the  disadvantage  of  losing  the 
space  rendered  unavoidable  by  adopting  circular  or  other 
curved  forms  ;  but  with  regard  to  health,  the  height  of  a  room 
.should  at  least  be  ten  or  twelve  feet,  and  this  point  should  be 
regaided  even  in  apartments  too  small  to  render  such  an  ele- 
vation proper  in  an  architectural  point  of  view.  A  square  is 
an  agreeable  form,  but  is  most  proper  for  rooms  not  exceeding 
a  moderate  size,  as  it  cannot  well,  if  very  large,  be  completely 
lighted  from  one  wall,  and  the  company,  while  ranged  on  each 
side,  arc  tco  far  apart.  For  spacious  apartments,  a  rectangular 
parallelogram  or  oblong  is  a  more  convenient  figure,  and,  with 
regard  to  beauty,  every  variation  in  the  proportion,  from 
nearly  a  square  to  a  square  and  a  half  or  sesquilateral,  may  be 
employed.  If  the  length  of  the  plan  be  extended  materially 
beyond  a  sesquilateral,  the  apartment  obtains  rather  the 
appearance  of  a  passage  or  gallery,  and  it  becomes  impossible 
to  adjust  the  height  so  as  to  suit  both  the  length  and  breadth. 
In  square  rooms  of  the  first  story,  the  height  may  be  from  four- 
fifths  to  five-sixths  of  the  breadth  of  the  side  ;  and  in  oblong 
rooms,  the  height  may  be  equal  to  the  width.  An  error  in 
favour  of  height;  is  preferable  to  making  a  room  too  low. 

The  height  of  rooms  on  the  second  story  may  be  one-twelfth 
part  less  than  that  of  the  chambers  below:  and  if  there  is  a 
third  story,  divide  the  height  of  the  second  into  twelve  equal 
parts,  of  which  take  nine  for  the  height  of  such  rooms. 

An  eligible  length  for  galleries  is  five  times  their  breadth, 
and  they  should  rarely  exceed  eight  times  their  width  in  length ; 
their  height  may  exceed  their  breadth  in  the  proportion  of  a 
third  or  even  three-fifths,  according  to  their  length. 

As,  however,  in  modern  houses,  all  the  rooms  of  the  same 
story  are  commonly  of  the  same  height,  and  convenience  re- 
cjuires  them  to  be  of  different  sizes,  according  to  their  use,  it 
follows  that  the  best  proportion  of  the  height  to  the  other 
dimensions,  cannot  always  be  observed,  without  incurring  some 
extraordinary  expense.  Where  expense  is  not  a  liinderance, 
the  height  of  the  story  may  be  suited  to  the  principal  rooms, 
and  the  middle-sized  rooms  may  be  reduced  by  covering  the 
ceilings,  with  a  flat  in  the  middle,  or  by  groins  or  domes,  which 
will  add  to  their  beauty,  independently  of  bettering  their  pro- 
portions. 

Precautions  should  be  taken  to  prevent  the  efflavia  from  the 
kitchen,  hre\vhouse,  and  other  odices,  from  penetrating  to  the 
bed-chambers  and  dining  rooms.  The  most  difficult  object  to 
attain  of  this  description,  is  to  prevent  the  effluvia  of  the 
kitchen  from  annoying  the  dining  room,  to  which  the  access 
from  it  should  be  as  easy  and  short  as  circumstances  will 
allow,  for  the  convenience  of  the  servants  waiting  at  table. 
In  country  mansions,  which  admit  of  the  greatest  liberty  of 
plan,  and  where  the  kitchens  are  above  ground,  this  mav 
generally  be  done  by  such  an  arrangement  of  the  doors  and 
passages  of  communication,  that  no  current  of  air  from  the 
kitchen  can  proceed  directly  towards  the  dining-rooms.  But 
in  town  houses,  where  the  kitchen  is  beneath  the  parlour  floor, 
and  therefore  not  only  far  nearer  in  point  of  situation  (though 
not  perhaps  of  access  for  persons)  than  it  is  usually  placed  in 
the  country,  but  on  a  lower  level,  the  lighter  warm  air,  charged 
■with  the  smell  of  the  various  operations  of  cookery,  is  apt  to 
be  fell  above,  from  its  disposition  to  ascend.  It  may,  how- 
ever, be  ell'ectually  removed  by  a  small  separate  funnel,  carried 


up  in  the  stack  with  the  rest,  and  next  to  that  of  the  kitchen. 
This  funnel,  to  be  used  for  no  other  purpose,  must  have  its 
throat  or  lower  opening  level  with  the  ceiling  of  the  kitchen. 
The  lighter  air,  charged  with  the  vapours  of  the  cooking,  will 
then  pass  olf  into  the  external  atmosphere  by  this  aperture, 
instead  of  accumulating  under  the  ceiling  of  the  kitchen,  until 
it  forms  a  stratum  as  low  as  the  top  of  the  kitchen  door,  and 
then  ascending  through  the  liouse  liy  the  stairs  and  passages. 
The  opening  of  this  funnel  or  pipe  may  be  closed  by  a  hinged 
door,  when  no  operation  is  going  on  in  the  kitchen  which  can 
create  a  disagreeable  smell. 

Every  chamber  in  a  house  should,  if  possible,  have  a  fire- 
place, the  place  of  which,  in  those  employed  as  bed-rooms,  if 
they  are  not  very  spacious,  should  be  about  two  feet  or  two 
feet  and  a  half  out  of  the  middle,  to  allow  room  for  the  bed. 
In  apartments  of  twenty  or  twenty-four  feet  a  side,  this  arrange- 
ment need  not  be  studied,  as  the  bed  can  without  it  be  placed 
sufficiently  far  from  the  fire. 

XII.  Chimnei/s. — That  no  apartment  can  be  nomfortable  which 
is  incommoded  with  smoke,  will  not  be  contradicted  ;  yet  we  find 
a  very  general  disregard  of  the  precautions  which  would  secure 
a  strong  draft  up  the  chimney.  Masons  and  bricklayers  follow 
their  own  fancy  or  judgment,  whicli  are  often  influenced  by 
their  convenience,  or  by  local  customs,  with  little  regard  to 
rational  principle.  It  frequently  happens  that  the  smoking  of 
chimneys  is  occasioned  by  their  being  carried  up  narrower  at 
the  top  than  below,  or  by  their  having  one  or  more  sharp  angu- 
lar turns.  When  chimneys  are  constructed  in  a  pyramidal  or 
tapering  form,  and  are  besides  left  rough  or  unplastered,  with 
stones  or  bricks  projecting  into  them,  as  well  as  the  mortar 
pressed  from  the  joints  in  the  wall,  their  smoking  is  almost 
certain.  The  air,  rarefied  by  the  fire,  passes  up  a  chimney 
with  the  smoke;  but  as  it  recedes  from  the  impelling  power,  or 
fire,  it  moves  slower,  and  requires  a  greater  portion  of  space 
to  circulate  through;  if  then,  the  upper  part  of  a  chimney, 
instead  of  being  wider  than  below,  be  contracted,  and  if  the 
roughness  of  the  walls  concur  at  the  same  time  to  increase  the 
obstruction,  it  is  no  wonder  that  the  smoke,  taking  the  path  of 
least  resistance,  should  find  its  way  into  the  room,  whenever 
assisted  by  a  current  from  above.  If  may  be  urged,  that  a 
chimney  wider  at  the  top  than  below,  allows  the  wind  more 
liberty  to  blow  down;  but  it  must  be  considered,  that  the  wind 
having  no  adequate  resistance  from  above  to  overcome,  must 
necessarily  return,  and  thus  facilitate  the  free  egress  of  the 
smoke.  On  the  other  hand,  when  a  current  of  air  rushesdown 
a  pyramidal  chimney,  it  becomes  confined  or  wedged  in,  and  if 
urged  by  a  constant  wind,  the  rarefied  air  from  the  fire  cannot 
make  head  against  it,  and  therefore  the  smoke  bursts  into  the 
room. 

Experiments,  in  endless  variety,  and  often  at  great  expense, 
have  been  made  to  prevent  or  cure  smoky  chimneys  ;  we  shall 
notice  some  of  the  most  simple  and  efficient;  but  it  will  be 
proper  to  explain,  in  the  first  place,  some  of  the  terms  which 
are  used  in  speaking  of  chimneys.  The  aperture  from  a  chim- 
ney into  the  room,  is  called  the  fiie-plnce.  The  projecting 
parts  of  the  w  all,  on  the  right  and  left  of  the  fire-place,  are 
called  ;nmi^'.  The  head  of  the  fire-place  resting  upon  the 
jambs,  is  called  the  mantle.  The  mantle,  and  the  whole  side 
of  the  chimney  above  it  up  to  the  top,  are  called  the  brenst. 
The  side  of  the  chimney,  called  the  breast,  being  pointed  out, 
the  application  of  the  term  hack,  to  the  opposite  side,  explains 
itself  The  sides  of  the  fire-place  contained  between  the  jambs 
and  the  back  arc  called  covings.  The  throat  is  that  part  of 
the  opening  immediately  above  the  fire,  and  contained  between 
the  mantle  and  the  back. 

When  chimneys  arc  bounded  on  the  top  by  a  zigzag  line, 
so  as  to  resemble  the  teeth  of  a  saw,  they  are  found  to  be 
far  less  liable  to  smoke  than  those  in  other  respects  under 
the  same  circumstances;  and  in  a  great  variety  of  cases,  the 
cheap  and  easy  expedient  of  altering  the  tops  of  smoky  chim- 
neys to  this  form,  has  been  attended  with  complete  success. 
The  partitions  in  a  stack  should  be  indented  as  well  as  the  out- 
side wall. 

The  fire-place  is  generally  an  exact  square.  Its  height,  in 
large  rooms,  is  often  very  properly  made  less  than  a  square, 
and  in  small  rooms,  particularly   when  the  chimney  is  in  a 
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corner,  it  is  ratlicr  more.  In  rooms  from  twenty  to  twenty- 
four  feet  square,  or  of  equal  area,  it  may  be  from  four  feet  to 
four  feet  and  a  half  broad  :  in  rooms  from  t«cnty-four  to 
thirty  feet  square,  it  may  be  from  four  and  a  half  lo  five  feet  ; 
and  in  rooms  still  larger,  it  may  be  extended  in  a  similar 
proportion  to  six  feet.  If  much  beyond  six  feet,  whatever 
may  be  the  size  of  the  room,  the  elfect  will  not  be  good  ; 
for  if  the  fire  be  proportionate,  it  will  excite  ratlier  the  idea 
of  a  furnace.  Two  fire-places  will  certainly  be  better  than 
one  of  such  overgrown  dimensions.  As  to  the  ellect  of  the 
form  of  tills  aperture  on  the  draft,  its  breadth  is  not  very  im- 
portant, provided  it  be  not  so  narrow  as  to  prevent  the 
covings  from  standing  with  their  greatest  power  of  reflection 
towards  the  room  ;  but  the  height  should  seldom  exceed  two 
feet  .six  inches  to  the  under  side  of  the  mantle.  The  throat 
should  not  be  more  than  four  or  five  inches  wide  ;  but  should 
be  contracleil  by  a  part  moveable  at  the  back,  when  the  chim- 
ney recjuires  sweeping.  The  nearer  the  throat  is  brought  io 
the  fire,  the  stronger  the  draft  will  be.  For  fire-places  about 
three  and  a  half  feet  wide  in  front,  the  flues  of  chimneys,  above 
the  throat,  are  usually  made  equal  to  about  twelve  inches 
square;  and  the  general  rule  is,  to  make  the  area  of  the  hori- 
zontal section  of  the  flue  equal  to  the  area  of  the  horizontal 
section  of  the  fire.  If  the  flue  were  .smooth  and  circular,  this 
mode  of  proportioning  its  size  would  doubtless  be  found  to 
allow  it  unnecessarily  large.  Where  bends  are  required  iti  a 
flue,  they  should  he  in  a  curved,  and  not  an  angular  direction. 
High  chimneys  always  draw  better  than  low  ones,  as,  in  pro- 
portion to  their  length,  the  influence  of  the  wind  extends  a 
shorter  way  down  them.  An  apartment  made  wind-tight,  by 
listing  the  doors  and  other  contrivances,  is  liable  to  be  incom- 
moded with  smoke,  from  the  want  of  draft,  even  when  the 
chimney  is  constructed  in  the  most  proper  manner:  a  few 
minute  holes,  communicating  with  the  exterior,  will,  in  such 
cases,  constitute  an  eflectual  remedy. 

Another  method  of  increasing  the  draft  of  a  chimney,  con- 
sists in  setting  the  grate,  if  a  Bath  stove,  eleven  or  twelve 
inches  from  the  fender;  and  in  cutting  away  the  back  of  the 
chimney,  so  as  to  leave  a  space  of  two  inches  between  it  and 
the  back  of  the  grate.  If  the  grate  be  of  the  common  form, 
the  sides  should  be  filled  up  with  brick  work.  By  this  con- 
struction, the  air  that  passes  behind  the  back  of  the  grate,  as- 
sisting to  impel  the  smoke,  prevents  its  bursting  into  the  room. 
— That  a  chimney  clogged  with  soot  will  be  apt  to  smoke,  is 
so  well  known,  as  to  require  no  notice  here. 

The  evils  attending  the  practice  of  cleaning  chimneys  by 
means  of  climbing  boys,  are  of  the  first  magnitude.  The 
degraded  situation  of  the  children  in  this  employment,  so 
destructive  to  health  at  any  period  of  life,  but  especially  in 
early  youth,  has  often  and  strongly  excited  the  commisera- 
tion of  philanthropical  men,  and  many  schemes  have  been 
proposed  to  render  their  ascending  unnecessary,  and  thus 
abolish  a  practice  so  oll'ensive  to  humanity.  Of  these  plans, 
the  most  feasible  consists  in  the  use  of  brushes,  which 
are  drawn  up  and  down  by  men  at  the  top  and  others  at 
the  bottom,  or  are  pushed  up  from  the  bottom,  and  drawn 
down  by  persons  within  the  apartment.  The  former  method 
is  inconvenient  and  expensive  ;  the  latter,  which  is  the  inven- 
tion of  Smart,  is  often  practised,  and  has  justly  received 
much  approbation.  The  rods  by  which  the  brush  is  pushed 
upwards,  are  made  hollow  and  in  short  lengths,  and  are  con- 
nected together  by  a  cord  passing  through  them.  As  soon  as 
the  lower  end  of  the  first  rod  is  pushed  about  the  height  of  the 
mantle,  arother  rod  is  slipped  over  the  cord,  and  the  length- 
ening of  the  whole  is  thus  continued,  till  the  brush  clears  the 
top  of  the  chimney,  where  it  spreads  itself  out,  and  is  prevent- 
ed from  contracting  by  a  spring  ;  so  that  the  soot  is  brought 
down  alonj?  with  it.  l$ut  as  long  as  the  practice  is  continued,  of 
making  chimneys  square,  crooked,  and  rough,  it  is  to  be  feared 
that  no  sweeping  apparatus  can  be  contrived  which  will  he 
lound  completely  successful.  Inventions  recommended  solely 
by  their  humanity,  are  often  so  slow  in  their  progress  towards 
general  adoption,  that  an  eminent  service  will  be  rendered  to 
society,  by  the  man  who  makes  the  convenience  and  interest 
of  individuals  conspire  with  their  benevolence,  to  promote  the 
purpose  before  us. 


Amongst  the  various  improvements  of  modern  times,  per- 
haps few  have  been  more  really  beneficial  than  the  use  of 
metals,  for  purposes  to  which,  only  half  a  century  back,  they 
were  hardly  thought  applicable.  It  is  perhaps  not  generally 
known  that  the  great  variety  of  articles  of  fittings  now  con- 
stantly kept  in  ironmongers'  shops,  in  the  remotest  villages, 
were  hardly  known  in  country  places  at  the  beginning  of  the 
last  century  ;  but  wherever  a  house  was  built,  its  bolts  »nd 
latches  were  mostly  of  wood  ;  its  windows,  if  sashes,  were  mas- 
sive, and  if  one  sash  ran,  the  sash-cord  ran  over  a  wooden 
pulley;  and  many  other  minute  fittings  «ere  either  of  wood, 
or,  if  of  metal,  were  individually  made  by  the  adjacent  smith, 
who  produced  a  clumsy  article  at  a  great  waste  of  time  and 
labour.  We  now  see  the  use  of  iron  and  brass  extensively 
superseding  timber  and  stone  in  the  most  advantascous  man- 
ner. At  Eaton  Hall,  the  magnificent  mansion  of  Lord  Grosve- 
nor,  near  Chester,  the  tracery  of  the  windows,  many  shields,  a 
stair-case,  and  a  variety  of  ornaments,  are  of  cast  iron.  A 
large  portion  of  tracery  panoelling,  for  a  terrace  balustrade, 
are  of  the  same  material,  and  being  painted  and  sanded,  have 
all  the  beauty  of  stone.  Hollow  Grecian  balustrades,  for  a 
public  building  in  Ireland,  have  been  made  of  iron,  in  Liverpool. 
Two  patents  have  been  taken  out  for  roof  fianiiuifs  of  iion,  one 
of  which,  at  least  that  of  J.  Cragg,  Liverpool,  is  particularly 
remarkable  for  its  simplicity,  and  the  beauty  of  its  execution. 
This  gentleman  also  executes  stair-cases  of  iron,  in  so  accurate 
a  manner,  that  they  may  he  put  up  at  any  place  in  a  few  hours. 
Cast  iron  bridges  have  long  been  deservedly  celebrated,  and 
the  dearness  of  wood,  and  the  supposed  inefficiency  of  the 
patent  stone  pipe,  have  caused  cast  iron  water-pipes  to  be  used 
in  London,  and  many  other  places.  Cast  iron  has  also  been 
advantageously  used  for  beams  and  their  supports  in  a  large 
way,  the  Trustees  of  the  Duke  of  Bridgewater's  canal  having 
used  it  for  beams  in  a  new  warehouse  at  Liverpool,  of  more 
than  thirty  feet  clear  span  ;  and  the  Carron  Company  have  used 
some  excellently  arranged  hollow  iron  stanchions  in  a  new 
warehouse  at  Liverpool.  Kennie  employed  it  abundantly 
in  the  warehouse  of  the  London  docks;  and  its  use  in  aque- 
ducts and  bridges  is  now  proverbial. 

There  is  yet  another  purpose,  for  which  iron  seems  so  well 
adapted,  that  it  deserves  at  least  a  fair  trial  ;  it  is  that  of  cast 
pipe  for  chimneys.  The  present  mode  of  building  chimneys  is 
not  only  extremely  unsafe,  but  also  takes  up  a  great  deal  of 
room  ;  and  from  their  being  square,  there  is  a  great  didiculty  in 
cleaning  them  thoroughly,  except  by  climbing  boys,  or,  as  is 
frequently  practised,  by  purposely  firing  them.  Smart's  appa- 
ratus does  not  completely  answer,  because  the  corners  which 
contain  most  soot  do  not  get  swept  completely,  and  arc  often 
not  touched.  Another  objection  to  ordinary  brick  square 
chimneys  is  their  smoking,  or,  in  other  words,  not  drawing  ; 
an  evil  not  considered,  by  those  who  sufl'er  from  it,  of  the 
most  trivial  magnitude.  All  these  inconveniences  might  be 
remedied  by  using  for  chimneys  east  iron  pipes  three-eighths 
of  an  inch  thick,  and  when  once  the  utility  of  the  plan  became 
known,  the  article  would  become  as  conmion  in  iron  shops  as 
fronts  of  grates.  The  present  openings  into  the  room  are  built 
fartoo  large,  and  are  now  generally  contracted  by  various  means 
when  the  grate  is  set,  but  while  the  present  arrangement  of 
brick  chimneys  for  climbing  boys  remains,  they  cannot  well 
be  much  altered  ;  but  if  iron  pipe  were  used,  an  iron  fire-place 
top  would  be  cast  for  the  pipe  to  fit  into,  and  would  of  course 
be  made  of  various  sizes  and  shapes  like  grate  fronts,  and  iron 
articles  in  general,  cast  by  the  Carron  Company  and  other 
founderies. 

More  clearly  to  exemplify  the  advantages  of  this  invention, 
it  will  be  proper  to  detail  the  arrangements  necessary,  rrc- 
judice  will  at  first  perhaps  require  the  pipe  to  be  eight  inches 
in  diameter,  though  there  is  little  doubt  that  seven,  six,  or 
even  five  inches  diameter  would  be  amply  suflicierit  for  the 
largest  fire.  However  this  may  be,  it  should  be  east  in  lenirths 
of  from  three  to  five  feet,  which,  at  three-eighths  of  an  inch 
thick,  would  render  the  pieces  of  a  manageable  weight  ;  they 
should  be  carried  up  as  close  as  possible  to  each  other,  and 
as  four  inches  of  brick-work  is  more  than  enough  on  each 
side  of  them,  in  walls  of  two  bricks  thick,  they  would  cause 
no  projeetiou  into  the  apartment.     The  interstices  between 
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the  bricks  and  pipe  should  be  filled  with  earth,  or,  what   tm, 
•would  be  still  better   rubbish  and  liquid  cement.  A  bevel      |[|a 
joint,  a.  in  the  fis-iire,  niinht  be  made  to  the  pipe,  to  fit  so    :l;|| 
closely  that  no  crevice  would  be  left  to  lodge  soot,  when   Jl" 
the  cement  surrounded  the  exterior. 

If  one,  or  indeed  all  the  chimneys  in  a  stack,  constructed 
upon  this  plan,  were  to  get  on  fire,  it  would  be  of  little  conse- 
qnence,  as  the  heat  could  never  he  so  great  as  to  act  through 
the  pipe  and  such  a  solid  mass  as  the  stack  would  be.  The 
soot  would  not  lodge  in  such  chimneys  as  in  the  common 
ones,  for  in  a  round  chimney  the  draft  would  clear  more  smoke 
out  of  the  chimney  before  it  was  condensed;  and  when  they 
required  cleaning.  Smart's  apparatus  would  sweep  them  com- 
pletely.— When  a  house  with  ordinary  chimneys  is  burnt,  the 
stack  usually  falls  down,  tearing  the  walls,  and  rendering  it 
necessary  to  rebuild  them;  but  if  a  house  with  an  iron-pipe 
stack  was  burned,  it  would  not  only  in  all  probability  stand, 
butact  as  a  buttress  to  sustain  the  walls:  or,  in  case  it  fell, 
the  greater  part  of  the  pipe  would  remain  as  fit  for  use  as  at 
first.  Although  it  may  be  least  trouble  generally  to  leave  the 
breadth  of  half  a  brick  round  the  pipe,  yet,  in  small  buildings, 
and  in  cases  where  room  is  wanted,  a  Hat  brick  would,  there  is 
no  doubt,  be  quite  sufficient  for  all  purposes  of  safety.  In  all 
cases,  too,  where  iron  pipe  may  be  used,  the  labour  of  plaster- 
ing chimneys  will  be  saved,  which,  though  in  many  places 
omitted,  is  done  to  all  well-built  houses. 

The  saving  of  room  which  would  be  produced  by  the  use  of 
iron-pipe,  in  a  stack  of  four  eight-inch  chimneys,  will  be  im- 
mediately seen  by  the  inspection  of  tig.  1  ;  and  fig.  2  exempli- 
fies the  same  thing  with  respect  to  a  stack  with  five  chimneys. 

Fig.  1. 

:ifl.9!n.  4/f.  lOJ  iH. 
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Projection  tnto  the  Hoom,  four  and      Piojection  into  t/te  Honm,  nine  inches, 
a  half  171.  if  oite  and  a  half  brick  uiaU,  if  one  and  a  half  brick  aall. 

Fig.  2. 
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Projectumfimr  and  a  half  inches, 
tf  one  and  a  half  brtck  a'ali. 


Pfojeftion  nine  and  a  h^ift  inches, 
if  cne  amd  a  half  brick  tiati. 


If  nine  inches  be  allowed  for  the  exterior  diameter  of  the  pipe, 
(and  such  an  allowance  will  be  enough  for  all  contingencies.) 
it  may  be  carried  up,  in  all  walls  exceeding  two  bricks  thick, 
without  any  projection  into  the  apartments.  In  the  corners  of 
a  two  brick,  or  even  a  one  and  a  half  brick  wall,  there  is  suffi- 
cient room  to  carry  up  such  a  chimney,  which  would  rather  in- 
crease than  diminish  the  strength  of  the  wall,  since  nearly  one- 
half  of  the  space  taken  up  by  chimneys  in  the  common  way  will  he 
saved,  under  circumstances  the  most  unfavourable  lo  shewing 
the  advantages  of  the  new  plan  ;  for  the  diameter  of  the  pipes 
is  reckoned  at  the  largest  that  can  be  required;  and  the  brick- 
work surrounding  the  square  chimneys,  at  tlie  thinnest  it  can 
with  any  propriety  be  made. 

The  expense  of  round  work,  either  in  brick  or  stone,  is  pro- 
bably the  principal  reason  that  round  chimneys  are  not  in 
general  use,  though  ilie  advantages  of  lliem,  particularly  in 
being  free  from  the  currents  or  eddies  of  air  occasioned  by 
square  chimneys,  are  not  unknown  to  intelligent  builders. 

Oval  flues  might  be  recommended  as  perhaps  superior  to  the 
circular  ones  ;  for  there  ore  many  situations  in  which  thev  might 
be  carried  up  advantageously  with  the  conjugate  diameter  of  the 
ellipserunningparallelHiththegahleofthchouse,  or  the  reverse. 

Iron  pipe,  it  is  well  known,  answers  perfectly  well  for  stoves, 
and  the  portable  furnaces  of  chemists,  although  the  area  of  it 
is  seldom  more  than  half  that  of  the  fire,  and  the  quantity  of 
air  required  to  maintain  the  vehement  heat  which  can  be  exci- 
ted at  pleasure,  occasions  a  much  greater  draft  than  that  of 
ordinary  domestic  fiies  of  twice  the  size.     Hence  the  above 


I)lan  only  proposes  to  extend  the  use  of  a  kind  of  chniincy,  the 
adcquateness  of  which  is  already  proved. 

XIII.  Doors. — The  ancients,  according  to  Vitruvius,  fre- 
quently made  their  doors  rather  narrower  in  breadth  at  the  top 
than  at  the  bottom.  These  trapezoidal  doors  were  probably 
adopted  from  their  having  the  property  of  closing  themselves, 
and  in  modern  times  they  are  useful  besides  as  the  simplest 
mode  of  raising  the  door,  in  the  act  of  opening,  above  the  floor, 
in  order  to  keep  it  clear  of  the  carpet.  There  are  examples  of 
them  in  the  Bank  of  England;  but  they  are  not  often  intro- 
duced by  architects. 

Doors  are  varied  in  their  dimensions  according  to  the  height 
of  the  story  and  the  magnitude  of  the  building  in  which  they 
are  placed.  In  private  houses,  they  can  rarely  with  propriety 
be  made  wider  than  lour  feet,  and  in  general  three  feet  will  be 
sufficient.  For  small  doors,  when  the  height  is  to  the  breadth 
in  the  ratio  of  seven  to  three,  the  proportion  may  be  con- 
sidered good  ;  but  the  height  of  large  doors  need  not  be  more 
than  double  their  breadth.  The  entrance  doors  of  palaces  and 
the  mansions  of  noblemen,  where  much  company  resort,  are 
often  made  from  four  to  six  feet  wide;  and  those  of  public 
edifices  may  be  from  six  to  ten  feet  wide.  Doors  much  ex- 
ceeding three  feet  in  width,  should  have  folding  leaves.  In 
modern  houses,  it  is  not  uncommon  to  have  large  folding 
doors,  the  opening  of  which  serves,  instead  of  removing  a 
whole  partition,  to  throw  two  rooms  into  one.  In  such  cases, 
the  width  of  the  aperture  will  generally  be  of  less  height  than 
twice  its  breadth,  as  all  the  doors  of  the  same  story  are  com- 
monly of  the  same  height. 

When  the  principal  door  of  entrance  is  in  the  middle,  its 
communication  with  every  part  of  the  building  is  not  only  the 
most  readily  effected,  but  it  contributes  so  much  to  the  sym- 
metry of  the  front,  that  when  the  plan  renders  such  a  position 
inadmissible,  a  blank  door  is  frequently  substituted  for  a  real 
one,  which  is  then  made  in  the  most  convenient  place.  The 
entrance  doors  of  stately  houses  are  frequently  adorned  with 
porticoes,  in  the  Grecian  or  Roman  taste  ;  but  the  most  com- 
mon mode  of  adorning  entrance  doors,  is  to  surround  them 
with  an  architrave,  surmounted  with  a  cornice,  or  with  a  frieze 
and  cornice  forming  a  complete  entablature.  These  decora- 
tions are  made  of  stone,  wherever  a  suitable  kind  can  be  had 
at  a  reasonable  price. 

XIV.  Winilous. — In  determining  the  number  and  size  of 
v^indows,  regard  must  be  paid  to  the  destination,  local  posi- 
tion, and  elevation  of  the  building,  as  well  as  to  the  cobature 
and  height  of  the  story  in  the  rooms  to  be  lighted,  and  the 
thickness  of  the  walls.  With  respect  to  private  houses,  though 
considerable  latitude  may  be  allowed  in  the  determination  of 
this  subject,  still  there  are  limits  which  cannot  be  disregarded 
without  losing  the  beauty  of  proportion,  and  the  convenience 
of  a  due  quantity  of  light.  In  general,  the  piers  should  not  be 
of  less  breadth  than  the  apertures,  nor  more  than  twice  such 
breadth.  The  windows,  in  all  the  stories  of  the  same  aspect, 
should  be  of  the  same  breadth,  unless  a  variation  be  required 
from  this  rule  for  the  convenience  of  particular  offices  in  the 
lowest  story.  The  laws  of  symmetry  and  strength  alike  re- 
quire them  to  l>e  exactly  one  above  another;  this  practice,  so 
strangely  neglected  by  our  ancestors,  is  now,  indeed,  duly 
attended  to.  The  apertures  of  windows  should  widen  inwards 
on  each  side,  by  which  means  the  quantity  of  light  admitted 
will  be  nearly  as  much  as  if  they  were  externally  of  the  sai:  e 
size  as  the  increased  internal  dimensions. 

To  determine  the  aggregate  area  of  the  windows  proper  to 
be  made  in  an  apartment,  extract  the  square  root  of  the  euba- 
ture  of  such  apartment,  and  the  quotient  will  be  the  answer. 
For  example,  suppose  the  room  to  be  forty  feet  long,  thirly 
feet  broad,  and  sixteen  feet  high,  then  40  x  30  x  16  =  lt>-'00, 
which  product  is,  in  feet,  the  cubature  sought,  and  the  S(iuare 
root  of  it,  neglecting  a  small  remainder,  is  one  hundred  and 
thirty- eight  feet  for  the  aggregate  area  of  the  apertures.  One 
hundred  and  thirty  eight  feet  will  make  four  windows  of  a 
handsome  size  and  sliape,  adapted  to  the  apartment  in  ques- 
tion ;  and  if  divided  accordingly  into  four  parts,  thirty-four  feet 
and  a  half  will  be  the  area  of  one  of  them.  The  area  thus  ob- 
tained, when  set  out  for  a  ground  floor,  according  to  the  cus- 
tomary rule,  which  allows  rather  more  than   two  squares  in 
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Jieigbt,  each  window  may  be  about  eight  feet  eiglit  inches  hifch, 
by  four  feet  broad.  By  the  same  rule,  the  dimensions  of  the; 
apertures  of  windows  for  rooms  of  any  other  cubature  may  be 
determined. 

The  sills  of  windows  have  been  mostly  made  from  three 
feet  to  three  feet  six  inches  distant  from  the  level  of  the  floor, 
as  at  that  lici^lit  they  formed  a  convenient  parapet  to  lean 
upon;  but  the  French  fashion  bavins  been  introduced,  of  hav- 
ing the  windows,  at  least  in  the  principal  drawing-rooms,  down 
to  the  floor,  window-sills  are  now,  partly  in  imitation  of  it, 
made  lower  than  formerly,  and  in  ordinary  dwellings  are  fre- 
quently not  higher  than  two  feet,  and  in  the  extreme  not  more 
than  two  feel  six  inches. 

It  will  be  proper  to  remind  those  who  are  partial  to  spacious 
and  numerous  windows,  and  who  are  not  disposed  to  modify 
their  choice  by  motives  of  economy,  that  as  the  aggregate  area 
of  tlie  windows  is  enlarged,  it  becomes  increasingly  dillieult  in 
winter  to  Iceep  apartments  warm,  the  heat  produced  in  them 
being  so  very  speedily  communicated  through  the  glass  to  the 
atmosphere  without.  It  is  for  this  reason,  that  in  Russia  they 
often  make  their  windows  double,  and  as  air  is  a  bad  conduc- 
tor of  heat,  the  stratum  of  it  interposed  between  the  two  win- 
dows in  the  same  frame,  tends  very  materially  to  prevent  the 
temperature  of  the  room  from  being  carried  off.  The  cold  sea- 
son is  not  so  severe,  or  of  such  long  continuance,  as  to  have 
occasioned  the  introduction  of  this  practice  for  front  windows 
into  the  United  Kingdom,  but  it  might  be  advantageously 
acted  upon  with  respect  to  the  skylights  employed  to  light 
staircases,  as  such  windows,  when  only  single,  contribute 
greatly  to  the  speedy  dissipation  of  the  warm  air  which  ascends 
to  the  top  of  the  house. 

The  number  of  windows  on  each  side  of  the  entrance  door 
should  be  equal,  and  an  odd  number  of  windows  in  an  apart- 
ment, when  they  are  all  on  one  side  of  it,  is  better  tlian  an 
even  number,  as  it  avoids  the  necessity  of  having  a  pier  oppo- 
site the  middle  of  the  floor. 

The  windows  of  the  principal  floor  are  generally  the  most 
enriched.  The  simplest  mode  of  adorning  them  is,  to  surround 
them  with  an  architrave,  which  sometimes  has,  and  sometimes 
is  left  without,  a  frieze  and  cornice;  frequently  the  v(hole  of 
the  windows  are  left  plain,  except  the  central  one  of  the  second 
story.  When  the  windows  of  the  principal  story  have  pedi- 
ments, those  of  the  story  immediately  above  should  have  archi- 
traves surmounted  by  a  frieze  and  cornice,  and  those  of  a  next 
higher  story,  an  architrave  only.  The  sills  of  all  tlie  windows 
in  the  same  floor  should  be  on  the  same  level. 

XV.  Stairs.  See  Handrails. — To  unite  the  requisites  which 
a  good  staircase  requires,  namely,  convenience  in  situation 
and  form,  with  a  sulhciency  <jf  light,  affords  one  of  tlie  strongest 
proofs  of  an  architect's  skill.  In  stately  mansions,  the  steps 
should  not  be  less  than  four,  nor  more  than  six  inches  higli ; 
nor  more  than  eighteen  or  less  than  twelve  in(-hes  broad  ;  and 
the  width  should  not  be  less  than  six  or  exceed  fifteen  feet.  In 
ordinary  houses,  the  steps  are  generally  made  higher,  and  are 
almost  necessarily  narrower,  both  in  width  and  length;  but, 
while  any  tiling  like  handsomeness  of  appearance  and  conveni- 
ence of  ascent  are  studied,  they  should  not  exceed  seven  inches 
in  height,  nor  be  less  than  ten  inches  broad,  and  three  feel 
long.  Stairs  are  ascended  with  more  ease  when  laid  somewhat 
sloping,  or  a  little  higher  at  the  back.  The  ancients  were  par- 
tial to  an  odd  number  of  steps  ;  one  eonse(|uence  of  which 
choice  was,  that  the  same  foot  which  was  placed  on  the  first 
step  was  first  placed  at  the  top  on  the  landing. 

XVI.  Reofs. — Archilcits  include,  under  the  term  roof,  not 
only  the  exterior  covering  of  a  house,  b.it  all  the  beams  and 
other  parts  necessary  to  support  that  covering. 

Among  the  ancients,  in  those  countries  where  it  seldom 
rained,  roofs  were  made  quite  Hat;  hut  the  Greeks,  perceiving 
the  inconvenience  of  this  form,  deviated  from  it  a  little,  by 
inclining  their  roofs,  as  appears  from  several  ancient  remains, 
about  one-eighth  or  ojie-niuth  part  of  the  span.  The  Komans, 
who  had  rather  more  occasion  than  the  Greeks  In  provide  for 
the  speedy  discharge  of  rain  fiom  their  houses,  made  the 
height  of  the  inclination  of  their  roofs  from  one-fifth  to  two- 
ninths  of  the  span.  Among  the  northern  nations  of  Europe, 
after  the  decline  of  the  Roman  empire,  high-pitched  roofs 
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began  to  be  in  general  request,  and  that  was  considered  the 
standard  form,  the  vertical  section  of  which  wa.s  an  equilateral 
triangle.  No  part  of  the  art  of  building  has  been  more  sub- 
ject to  caprice,  than  the  height  of  the  inr-lination,  or,  as  ii  is 
usually  expressed,  the  pitch  of  Tool's.  In  the  present  day,  a 
great  variety  of  pitch  is  employed,  but  the  equilateral  one  is 
seldom  seen.  In  ordinary  dwellings,  the  pitch  of  the  roof  is 
from  oni-tliird  to  otie-1'ourth  part  of  the  ."iian  ;  but  mansions 
and  public  edilices  are  still  executed  in  every  diversity  of  style 
that  fancy  or  particular  views  can  dictate. 

High-pitched  roofs  discharge  rain  and  snow  more  quickly 
than  others  ;  they  are  also  not  so  easily  stripped  by  the  wind  ; 
tlie  rain  is  not  so  easily  blown  between  the  slates,  and  from 
their  approach  towards  perpendicularity  of  pressure,  they  are 
not  so  great  a  burden  to  the  walls.  They  are,  however,  more 
expensive  than  low  roofs,  as  they  require  longer  and  stronger 
timbers;  and  from  their  greater  surface,  the\  require  a  larger 
quantity  of  the  covering  material  :  but  though  low  roofs  have 
the  advantage  in  point  of  cheapness,  they  require  large  slates, 
and  great  care  of  execution. 

The  roof  is  one  of  the  principal  tics  of  a  building,  when  skil- 
fully executed,  in  connecting  the  exterior  walls.  S.ime  idea  may 
be  formed  of  the  success  with  which  scientific  knowledge  anil 
experience  may  be  employed  in  the  construction  of  roofs,  when 
it  is  observed,  that  roofs  have  been  constructed  sixty  feet  wide, 
although  they  have  not  contained  a  single  piece  of  timber  more 
than  ten  feet  long  and  four  inches  square. 

In  determining  the  pitch  of  rafters,  when  mere  fancy  is  not  to 
be  our  guide,  the  nature  of  the  intended  covering  should  be 
taken  into  consideration,  and  tlic  inclination  proportioned 
accoidingly.  The  following  rules  may  be  observed  with 
prurpiety  ; — 

For   ifflrf.— Divide    the   width    first 

into  two  parts,  as  in  the  annexed  figure, 

and  one  of  these  parts  into  four,  r.s  !,2, 

3,  4;  with  two  of  these  parts  describe 

a  quarter  circle,  2,  which  gives  a  proper 

pilch  or  slope  to  be  covered  with  lead, 

anil  is  called  a  pediment  pilch. 

For  Pantiles. — Divide  the  width  as  before  into  two  parts,  and 

one  of  these  two  parts  into  four,  as  1,  2,3,  4;  with  three  parts, 

describe  a  quarter  circle,  3,  which  gives  a  proper  pitch  for  use. 

For  Plain  Tiles. — Divide  the  width  into  two  parts;  with  one 

of  them   make  a  quarter  circle,   which  gives  a  pitch  or  slope 

proper  for  the   roof.     The   lighter  the  covering  material,   tlie 

lower  the  roof  may  be,   and  therefore  the  pilch  for  slates  may 

be    the   same  as  that   for   the   covering  wliich  the  particular 

(juality  used  most  nearly  approaches  to  in  weight. 

Tiles,  though  extensively  used  in  many  parts  of  the  country, 
constitute  a  very  heavy  covering  for  houses,  and,  what  is  still 
worse,  they  injure  the  timber  upon  which  they  are  laid,  and 
tend  to  make  a  liousc  damp,  from  the  facility  with  which  they 
are  penetrated  with  moisture.  The  following  cxperiineni,  by 
the  bishop  of  Llanda!!',  decisively  proves  their  great  porosity, 
and  their  inferiority  to  slate.  The  Hishop  observes,  lliat  sort 
of  slate,  other  circumstances  being  the  same,  is  esteemed  the 
best,  which  imbibes  the  least  water;  for  the  imbibed  water  not 
only  increases  the  n  eight  of  the  covering,  but  in  frosty  weather, 
being  converted  into  ice,  it  swells  and  shivers  the  slate.  This 
effect  of  frost  is  very  sensible  in  tiled  houses,  but  is  scarcely 
felt  in  those  which  are  slated  ;  for  good  slate  imbibes  but  little 
water  ;  and  when  tiles  arc  well  glazed,  thc>  are  rendered  in  some 
measure,  with  respect  to  Ibis  point,  similar  to  slate.  He  took 
a  piece  of  Westmoreland  slate,  an<l  a  piece  of  common  tile,  and 
weighed  each  of  them  carcfidly  ;  the  surface  of  each  w  as  about 
thirty  square  inches.  Both  the  pieces  were  immersed  in  water 
for  about  ten  minutes,  and  llico  l.'ken  out  and  weighed  as  soon 
as  they  had  ceased  to  <lrip.  The  tile  had  imbibed  above  a 
seventh  part  of  its  wi  ight  of  water;  and  tlie  slate  liad  not  im- 
bibed above  a  two-hundredth  part  of  ils  weight ;  indeed,  tbr- 
wetting  of  the  slate  was  merely  superficial  He  placed  both 
the  wet  pieces  before  the  fire  ;  in  a  quarter  of  a.i  hour  the  slate 
was  become  qniie  dry,  and  of  the  same  weiglil  it  had  b<-fore  it 
was  put  into  the  water  ;  but  the  tile  had  lost  only  about  twelve 
grains  of  the  water  it  bad  imbibed,  which  was.  as  nearly  as  could 
I'c  expected,  the  very  same  (juantity  that  had  been  spread  over 
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its  surface  ;  for  it  was  the  quantity  which  had  been  imhihed  by 
the  slate,  the  surface  of  which  was  equal  to  that  of  tlie  tile.  The 
tile  was  left  to  dry  in  a  room  heated  to  sixty  degrees,  and  it 
did  not  lose  all  the  water  it  had  imbibed  in  less  than  six  days. 
If,  then,  tiles  imbibe  a  seventh  part  of  their  w  cisht  of  water  in 
ten  minutes,  and  cannot  be  deprived  of  this  wiiter  without  a 
degree  of  heat  equal  to  sixty  degrees  continued  for  six  days,  it 
must  be  obvious  that  a  roof  covered  with  them,  can,  in  this 
country,  seldom  be  dry.  The  timbers  also  of  the  roof  must  be 
calculated  to  support  their  weight  in  their  wet  state. 

The  finest  sort  of  blue  slate,  which  is  obtained  in  the  neigh- 
bourhood of  Kendal,  is  sold  there  for  3s.  Cd.  per  load,  which 
comes  to  £1.  los.  per  ton,  the  load  weighing  two  hundred 
weight.  The  coarsest  sort  may  be  had  for  2s.  4d.  per  load,  or 
£1.  3s.  4d.  per  ton.  Tliirteen  loads  of  the  finest  sort  will  cover 
forty-two  square  yards  of  roof,  and  eighteen  loads  of  the 
coarsest  sort  will  cover  the  same  extent.  Hence  there  is  half 
a  ton  less  weight  upon  forty-two  square  yards  of  roof  when  the 
fir.est  slate  is  used,  than  when  it  is  covered  with  the  coarsest 
kind,  and  the  dillerence  in  the  expense  of  the  material  is  only 
3s.  6d.  ;  jet  as  fine  slate  owes  its  lightness,  not  so  much  to  a 
difference  in  the  quality  of  the  stone  from  which  it  is  split,  as 
to  the  thinness  to  which  it  is  reduced,  it  is  inferior  to  the 
heavier  kind  in  point  of  durability. 

The  following  statement  shews  the  average  weight  of  the 
covering  laid  upon  forty-two  square  yards  of  building,  accord- 
ing to  the  material  employed  — 

Copper 4  cwt.     Coarse  slate  ....  36  cwt. 

Fine  slate   26  Tiles 54 

Lead 27 

Such  are  the  advantages  of  slate  as  a  covering,  that  wherever 
it  can  be  procured  without  much  land  carriage,  it  obtains  the 
preference  of  all  other  materials.  Its  durability  is  so  great, 
that  it  has  been  known  to  continue  sound  and  good  for  cen- 
turies ;  but  all  kinds  of  it  are  not  equally  excellent  in  this 
respect.  Its  most  usual  colours  are  white,  brown,  and  blue, 
and  the  colour  affords  some  index  to  the  quality  of  the  slate. 
The  light  blue  sort  is  always  the  least  penetrable  to  water, 
which  the  deep  black  blue  is  apt  to  imbibe  rather  freely. 
Several  methods  may  be  practised  to  ascertain  the  goodness  of 
slate,  when  not  brought  from  a  quarry  of  well-known  character. 
If  a  slate,  when  struck  sharply  against  a  large  stone,  produce  a 
complete  sound,  it  is  a  mark  of  goodness;  and  if  it  does  not 
shatter  before  the  edge  of  the  zax,  or  instrument  used  for  hew- 
ing it,  the  criterion  is  decisive.  Another  method  is,  to  place 
the  slate  lengthwise  and  perpendicularly  in  a  tub  of  water, 
about  half  a  foot  deep,  care- being  taken  that  the  unimraersed 
part  of  the  slate  be  not  in  any  way  accidentally  wetted.  Let 
it  remain  in  this  state  twenty. four  hours  :  at  the  end  of  that 
time,  if  the  slate  be  good,  it  will  not  have  drawn  water  more 
than  half  an  inch  above  the  surface  of  that  fluid,  and  that  per- 
haps at  the  edges  only,  where  the  texture  has  been  a  little 
loosened  in  the  hewing;  but  a  spongy  defeciive  stone  will 
draw  water  to  the  very  top.  Another  mode  of  trial,  on  the 
result  of  which  full  reliance  may  be  placed,  is  to  weigh  two  or 
three  of  t.he  most  suspected  slates,  and  note  their  precise 
weight :  then  immerse  them  entirely  in  water  for  twelve  hours: 
take  them  out,  wipe  them  as  clean  as  possible  with  a  linen 
cloth,  and  if  their  weight  diliers  not,  or  differs  but  very  little 
from  T.hat  it  was  at  first,  ihey  may  be  considered  good;  a 
drachm  in  a  dozen  pounds  is  allowable,  but  not  more.  The 
principal  reason  of  the  inferiority  of  the  slates  which  imbibe 
much  moisture,  being  that  they  are  shivered  by  frost ;  when 
none  but  a  porous  kind  can  he  easily  obtained,  they  might 
douLtU'ss  he  improved  by  the  application  of  tar,  as  already 
mentioned  for  tiles,  when  treating  of  the  manufacture  of  the 
latter  article. 

Among  the  artificial  methods  that  have  been  invented  for 
covering  houses,  a  composition  called  tessera  was  a  few  years 
since  in  high  repute.  It  consisted  of  tar,  calcareous  stone 
reduced  to  dust,  and  a  little  powder  of  burnt  bones.  These 
ingredients,  duly  mixed,  were  spread  into  sheets  made  equally 
thick,  about  lour  feet  long  and  two  feet  wide,  by  passing  under 
rollers  ;  and  w  hen  laid  on  the  boarding  of  the  roof,  which  might 
be  either  flat  or  angular,  the  sheets  were  cemented  by  a  solder 
of  the  same  materials. 


AVhen  this  composition  first  gained  public  attention,  it 
was  thought  to  be  of  incalculable  value.  It  was  said  to  be 
ligliter  than  lead,  to  be  considerably  cheaper,  to  equal  it  in 
point  of  durability,  and  though  apparently  combustible,  to  be 
capable  of  resisting  the  effects  of  heat  about  twice  as  long  as 
lead. 

To  secure  the  advantages  of  this  important  discovery,  a 
patent  was  taken  out  by  the  inventor,  December  22d,  180«, 
and  agents  were  appointed  throughout  various  parts  of  the 
kingdom.  The  confidence  of  builders  was  soon  gained,  and 
many  houses  were  covered  with  this  promising  compound. 

Experiment,  however,  which  is  the  best  test  of  exeelleace, 
soon  detected  the  fallacy  of  theory,  and  those  who  had  po.: - 
chased  tessera  speedily  found  that  they  had  laid  out  their 
money  in  buying  a  stock  of  repentance.  It  was  shortly  per- 
ceived, that  it  could  not  withstand  the  corroding  influence  of 
the  seasons,  that  it  would  alternately  swell  and  crack  accord- 
ing to  the  temperature  of  the  weather,  and  thus  readily  admit 
the  rain,  which  it  was  expected  to  exclude.  Having  thus  lost 
its  character,  it  soon  fell  into  disuse.  Many  houses  that  had 
been  covered  with  it,  were  forced  to  be  stripped,  and  to  receive 
the  old  but  partially  discarded  materials;  and  tessera  having 
lived  its  day,  is  now  known  only  in  name. 

XVII.  Floors. — Flooring  boards  are  mostly  made  offir.  Tlie 
first  class  are  selected  free  from  knots,  shakes,  sap-wood,  or 
cross-grained  stuff:  the  second  class  consists  of  boards  also 
free  from  shakes  and  sap-wood,  but  not  from  small  sound 
knots;  the  third  class  contains  the  residue  of  any  parcel,  or 
such  boards  as  cannot  be  included  in  cither  of  the  preceding 
classes-  When  an  agreement  is  entered  into  for  the  erection 
of  a  building,  the  quality  of  the  boards  should  be  specified,  to 
prevent  subsequent  disputes.  As  all  boards  shrink  in  the 
course  of  time,  and  as  the  quantity  of  their  contraction  increases 
«ilh  their  dimensions,  floors  which  are  laid  with  very  broad 
boards  soon  exhibit,  at  the  joints,  wide  fissures  that  have  an 
unpleasant  appearance.  It  is  therefore  the  practice  in  good 
bouses,  not  only  to  select  the  best  part  of  the  wood,  but  to  cut 
the  boards  into  narrow  scantlings ;  so  that,  if  properly  sea- 
soned, and  laid  close  at  first,  their  shrinking  afterwards  is  so 
small  as  to  make  no  openings  of  consequence.  Boards  about  five 
inches  broad  may  be  reckoned  narrow,  but  when  they  measure 
nine  inches  or  more  in  the  same  direction,  tbey  must  be  con- 
sidered broad. 

The  manner  of  jointing  flooring  boards,  and  fastening  them 
down  upon  the  joists,  is  performed  in  a  variety  of  ways,  the 
most  usual  of  which  is,  to  plane  the  edges  of  the  board  quite 
square,  that  is,  at  right  angles  to  the  upper  and  under  surface, 
and  then,  placing  them  as  closely  to  each  other  as  possible, 
to  nail  tliem  down  from  the  upper  surface.  Sometimes,  par- 
ticularly when  the  wood  is  known  to  be  insufficiently  sea- 
soned, after  the  first  board  has  been  fastened  down,  the 
fourth  board  is  secured  in  like  manner,  the  two  intermediate 
boards  are  then  made  somewhat  wider  than  the  space  to 
receive  them,  and  forced  into  their  places  by  jumping  upon  them. 
To  do  this  with  the  most  ease  and  advantage,  the  intermediate 
boards  are  laid  aslant,  so  as  to  be  highest  in  the  middle,  and 
those  edges  which  are  placed  together  being  sloped  a  little, 
so  as  to  form  rather  less  than  a  right  angle  with  their  respec- 
tive upper  surfaces,  they  arc,  by  an  adequate  weight,  at  once 
compressed  and  levelled.  The  fourth  board  of  the  last  series 
becomes  tlie  first  of  the  next,  and  tlie  operation,  which  is 
called  folding  the  boards,  is  repeated  till  the  floor  is  finished. 
The  nails  are  driven  in  a  little  below  the  surface  of  these 
boards,  and  the  cavity  is  filled  with  glazier's  putty.  But  in 
rooms  not  intended  to  be  carpeted,  and  yet  where  a  neat  and 
clean  appearance  is  indispensable,  the  use  of  putty  must  be 
avoided,  and  the  nails  must  not  be  driven  in  from  the  top 
This  object  is  obtained  by  dowelling  the  joints,  that  is,  driving 
wooden  pins  into  them  in  the  middle  of  their  thickness,  and 
parallel  to  the  surface,  in  the  same  manner  as  the  coopers  joint 
tlie  boards  forming  the  ends  of  their  casks.  In  this  case,  one 
half  of  each  pin  entering  the  edges  placed  together,  the  boards, 
if  the  dowels  be  sufliciently  numerous  and  properly  placed, 
cannot  rise  or  sink  but  in  conjunction.  The  best  place  for  the 
dowels  is  in  the  middle  of  the  space  between  the  joists.  In  the 
best  dowelled  work,  the  nails  are  concealed  when  the  floor  is 
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finished,  for  they  are  driven  in  slantwise  through  the  outer 
edge  only  of  each  board.  Somelimes  tlie  joints  of  (loorlng 
boards  are  rabbeted,  that  they  may  lap  over  each  other  a  little 
way,  and  sometimes  toothed  into  each  other,  or,  as  it  is  tech- 
nically expressed,  ploughed  and  tongued.  When  either  of 
these  methods  is  adopted,  the  boards  arc  not  separated  on  their 
contraction  so  as  to  leave  an  aperture  between  each  pair, 
through  whicli  any  thing  can  drop  ;  but  such  floors  are  more 
costly  than  others,  not  only  on  account  of  the  oxlia  labour, 
but  the  greater  quantity  of  wood  which  they  require. 

It  is  always  desirable  to  cover  a  floor  with  boards  in  one 
length ;  but  when  it  cannot  be  done,  the  ends  of  the  two  boards 
should  invariably  be  upon  a  joist,  and  two  of  them  should 
never  be  together  in  the  same  line. 

Yellow  deal,  well  seasoned,  is  one  of  the  best  woods  that 
can  be  selected  for  floors:  the  white  sort,  by  frequent  wash- 
ing, becomes  blackish  and  disagreeable  in  its  appearance. 

In  the  habitations  of  the  labouring  classes  of  society,  the 
ground  floors  are  often  made  of  a  kind  of  mortar.  The  best 
materials  for  this  purpose  are  two-thirds  of  lime,  one  of  coal- 
ashes,  and  a  small  portion  of  clay.  These  ingredients  are  to  be 
well  tempered  with  water,  loft  to  subside  for  a  week  or  ten 
days,  and  then  well  worked  up  again.  This  operation  should 
be  repeated  in  the  course  of  three  or  four  days,  till  the  mixture 
becomes  smooth  and  glutinous,  when  it  is  fit  for  use.  It  is  to  be 
aid  on  to  the  depth  of  two  and  a  half  or  three  inches,  and 
carefully  smoothed  with  a  trowel.  The  hottest  season  of  the 
year  is  the  most  proper  for  applying  this  composition,  which, 
when  completely  dried,  will  make  a  most  durable  floor. 

XVIII.  Proportions  of  Timbers,  f,-c. — In  the  treatise  entitled 
the  "  British  Carpenter,"  already  referred  to,  are  given  the 
following  Tables  to  shew  the  proportions  of  timbers  for  small 
and  large  buildings. 

Proportions  of  Timbers  for  Small  Buildings. 


Bearing  Posts  of  Fir. 


Height 
if   8  feet 
10 
12 


Scantling 
4  inc.  square 
5 
G 


Girders  of  Fir. 


Bearing 
if  IC  feet 
20 
24 


Scantling 

8  in.  by  11 

10  12.1 

12  14 


Bearing 
if   6  feet 
9 
12 


Joists  of  Fir- 


Scantling 
5  inc.   by  2J 
fii  25 

8  2i 


Bridgings  of  Fir. 


Bearing 
if   6  feet 
8 
10 


Scantling 

4  inc.    by  25 

5  2i 

6  3 


Small  Rafters  of  Fir. 


Bearing  Posts  of  Oak 


Height 
if  10  feet 
12 
14 


Scantling 
G  inc.  square 
8 
10 


Bearing 
if  10  feet 
20 
24 


Girders  of  Oak. 


Scantling 
10  inc.  by  13 
12  14 

14  15 


Joists  of  Oak. 
Bearing        I       Scantling 
if    C  feet  I    5  inc.   by  3 

9  I     75  3 

12  10  3 


Bridgings  of  Oak. 

Bearing 

Scantling 

if   6  feet 

4  inc.   by  3 

8 

55                 3 

10                        7                    3 

Bearing 
if    8  feet 
10 
12 


Scantling 
35  inc.  by  25 
4|  2 

5J  25 


Beams  of  Fir,  or  Ties. 


Length 
if  .30  feet 
45 
GO 


Scantling 

G  inc.  by  7 

9  85 

12  11 


Principal  Rafters  of  Fir. 
Scantling 


Length 
if  24  feet 
36 

48 


Top 
5ius.  &G 

G5  H 


Bottom 
C  ins.  & 
8  10 


lOllO 


12 


Small  Rafters  of  Oak. 
Bearing        I       Scantling 
if    8  feet  |    45  inc.  by  3 

10  I    55  3 

12  I     05  3 


Beams  of  Oak,  or  Ties. 
Length         I       Scantling 
if  30  feet  |    7  inc    by  8 

45  I  10  115 

60  13  15 


Principal  Rafters  of  Oak. 
Scantling 


Length 
if  24  feet. 
30 

4? 


Top 
7ins.  &  8 

8  9 

9  10 


Uoltoni 
8ins.  &9 
9  10) 

10  12 


Propo 

rtions  of  Timbers  for  Large  Bu 

Idings. 

Hearing  Posts  if  F'lr.          ] 

Bearing  Posts  of  Oak.          | 

Height 

Scantling 

Height 

Scantling 

if    8  Uel 

5  inc.  square 

if    8  feet 

8  inc.  square 

12 

8 

12 

12 

IC 

10 

10                   10 

Girders  of  Fir. 

Girders  of  Oak. 

Bearing 

Scantling 

Bearing              Scantling 

if  IG  feet 

95  inc.  by  13 

if  10  feet           12  inc.  by  14 

20 

12                14 

20                     16                 16 

24 

13J               15 

24                      IH                  16 

Joists  of  Fir. 

Joists  of  Oak. 

Bearing 

Scantling 

Bearing               Scantling 

if   6  feet 

5  inc.   by  3 

if    6  feet              6  inc.   by  3 

9 

7J                 3 

9                      9                  3 

12 

10                    3 

12                     12                  3 

Bridgings  of  Fir. 

Bridgings  of  Oak. 

Bearing 

Scantling 

Bearing 

Scantling 

if    G  feet 

4  inc.   by  3 

if    6  feet 

5  inc.   by  35 

8 

65                3 

8 

fil                 35 

10 

7                  3 

10 

8                  35 

Small  Rafters  of  Fir. 

Siniill  Rafters  of  Oak. 

Bearing 

Scantling 

Bearing               Scantling 

if    8  feet 

45  inc.  by  3 

if    8  feet             61  inc.  by  3 

10 

55               3 

10                      7                  3 

12 

61                3 

12                      9                  3 

Beams  of  Fir,  or  Tits. 

Beams  of  Oak,  or  Ties. 

Length 

Scantling 

Length                Scantling 

if  30  feet 

7   inc.   by  8 

if  30  feet             8  inc.  by  9 

45 

10            115 

45                     11                 12 

00 

13                 15 

CO                     14                 10 

Principal  Rafters  of  Fir. 

Principal  Rafters  of  Oak. 

Scantling 

Scantling 

Length 

Top 

Bottom 

Length        Top      1    Bottom 

if  24  feet 

7  ins.  &  9 

8ins.&9 

if  24  feet  Sins.  &  9]  9  ins.  8t  10 

36 

8             9 

9          lOi 

36 

9            lU  10             12 

48 

9           10 

to          12 

48 

10          13  12             14 

The  author  of  the  preceding  tables  observes,  that  though 
they  seem  so  plain  as  not  to  require  explanation,  yet  a  few  re- 
marks might  be  subjoined  with  propriety.  All  binding  or  strong 
joists,  he  then  adds,  ought  to  be  half  as  thick  again  as  common 
joists;  that  is,  if  a  commnn  joist  be  given  three  inches  thick, 
a  binding  joist  should  be  four  inches  and  a  half  thick,  although 
of  the  same  depth. 

If  it  be  not  convenient  to  allow  the  posts  in  partitions  to  bo 
square,  which  is  the  best  form,  in  such  cases,  multiply  the 
square  of  the  side  of  the  posts,  as  here  given,  by  itself:  for  in- 
stance, if  it  be  six  inches  square,  then  as  six  times  six  is  thirty- 
six,  to  keep  this  post  nearly  to  the  same  strength,  find  two 
numbers  producing  the  same  amount ;  as  suppose  the  partition 
to  be  four  inches  thick,  then  let  the  post  be  nine  inches  the 
other  way,  so  that  nine  times  four  being  thirty-six,  the  area  of 
its  horizontal  section  is  the  same,  and  its  strength  nearly  equal 
to  the  square  post. 

Posts  that  go  to  the  height  of  two  or  three  stories,  need  not 
hold  the  proportions  given  in  the  table,  because  at  every  floor 
they  meet  with  a  tic.  Admit  a  post  to  be  thirty  feet  high,  and 
that  in  this  height  there  are  three  stories,  two  often  feet  and 
one  of  eight  feet :  look  for  posts  of  fir  ten  feet  high,  their  scant- 
ling is  five  inches  square,  that  is,  twenty-five  square  inches 
which  double  for  the  two  stories;  and  also  take  that  of  cigh 
feet  high,  being  fimr  inches,  that  is.  sixteen  inches  square, 
all  which  being  added  together,  make  sixty-six  inches  ;  so  that 
such  a  post  would  be  rather  more  than  eight  inches  square. 
On  occasion  it  may  be  lessened  in  each  story  as  it  rises. 

All  beams,  tics,  and  principal  rafters,  ought  to  be  cut  or  forced 
in  framing  to  a  camber,  or  roundness,  on  the  upper  side,  and 
the  convexity  may  be  about  one  inch  in  eighteen  or  twenty  feet. 
The  reason  is,  that  all  timber,  paitly  from  its  own  weight,  but 
principally  from  the  weight  of  the  covering  or  other  burden  it 


484 


H  O  U 


DICTIONARY   OF   MECHANICAL   SCIENCE. 


H  O  U 


has  to  bear,  will  swag;  and  unless  prepared  in  this  manner, 
that  it  may  never  become  concave,  a  degree  of  unsighlliness, 
and  often  of  inconvenience,  will  be  produced. 

The  joists  in  Poors,  the  purlines,  (or  timbers  into  which  the 
small  rafters  are  tenoned  in  roofs,)  &c.  should  not  exceed  twelve 
feet  in  the  length  of  their  bearing,  or  from  support  to  support. 
The  strong  joists  of  lloors  should  not  be  at  a  greater  distance 
than  five  feet,  nor  common  joists  more  than  ten  or  twelve 
inches  apart. 

.\ccording  to  the  experiments  of  Muschenbroek,  fir  is  able 
to  bear  compression  in  the  direction  of  the  length  of  its  fibres, 
or  to  sustain  as  a  post,  a  much  greater  weight  than  oak,  but  is 
far  inferior  to  oak  when  the  weight  is  suspended.  In  the  pre- 
ccdino-  tables,  therefore,  the  scantlings  of  iir  bearing  posts 
and  principal  rafters  are  properly  made  less  than  those  of  oak  ; 
but  for  other  timbers,  particularly  for  ties,  many  are  of  opinion 
that  the  proportions  of  the  author's  tables  should  be  reversed, 
and  the  scantling  which  he  has  assigned  lo  fir  shoiilu  be  given 
to  oak. 

XrX.  Building  Act. — All  the  buildings  erected  in  London 
and  the  several  parishes  within  the  bills  of  morlality,  are  sub- 
jected to  the  regulations  of  an  act  of  parliament,  of  the  14 
Geo.  III.  the  main  object  of  which  is  to  lessen  the  danger  to  be 
apprehended  from  fire.  As  many  of  the  provisions  of  this  act 
arc  of  great  importance,  and  deserve  to  be  universally  known 
and  acted  upon,  we  shall  conclude  the  subject  of  Building  by 
an  abstract  of  them.  Those  which  relate  to  the  Carpenter  are 
the  following : 

Timber  partitions  between  building  and  btjilding,  erected  or 
erecting  before  the  passing  of  the  act,  may  remain  till  one  of 
the  adjoining  houses  is  rebuilt,  or  till  one  of  the  fronts,  or  two- 
thirds  of  the  fronts  which  abut  on  such  timber  partition,  is 
taken  dow  n  to  the  bressummer,  or  one  pair  of  stairs  floor,  and 
rebuilt. 

Three  months'  notice  of  the  pulling  down  of  such  wooden 
partition,  when  decayed  or  of  insudicient  thickness,  to  be 
given  by  the  proprietor  to  the  owner  or  occupier  of  such  a 
house,  and  if  the  house  be  empty,  such  notice  to  be  stuck  up 
on  the  front  or  front  door  of  it. 

No  timber  hereafter  to  be  laid  in  any  parly  arch,  or  party 
wall,  except  for  bond  to  the  same;  nor  any  bond  timber  within 
nine  inches  of  the  opening  of  a  chimney,  nor  within  five  inches 
of  the  flue  ;  nor  any  timber  within  two  feet  of  any  o^en,  stove, 
copper,  still,  boiler,  or  furnace. 

■The  wood  work  of  chimney  breasts  to  be  fastened  to  the 
said  breast  with  iron  wall  hooks,  spikes,  nails,  or  holdfasts, 
which  must  not  be  driven  more  than  three  inches  into  the  wall, 
or  nearer  than  four  inches  to  the  inside  of  the  opening  of  the 
chimney. 

No  timber  bearer  to  wooden  stairs  let  into  an  old  party  wall, 
must  come  nearer  than  eight  inches  and  a  half  to  the  Hue.  nor 
nearer  than  four  inches  to  the  internal  finishing  of  the  adjoin- 
ing building. 

No  timber  to  be  laid  under  any  hearth  to  a  chimney,  nearer 
than  eighteen  inches  to  the  upper  surface  of  such  hearth. 

No  timber  must  be  laid  nearer  than  eighteen  inches  to  any 
door  of  communication  through  the  party  walls  of  warehouses 
and  stables. 

Bressummers,  story  posts,  and  plates  thereto,  are  only  per- 
mitted in  the  ground  story,  and  may  stand  even  with  the  out- 
side of  the  wall,  but  must  go  no  deeper  than  two  inches  into  a 
party  wall,  nor  nearer  than  seven  inches  to  the  centre  of  a 
party  wall,  when  it  is  two  bricks  thick,  nor  nearer  than  four 
inches  and  a  half,  provided  the  party  wall  does  not  exceed  one 
brick  and  a  half  in  thickness. 

Every  corner  story  post  must  be  of  oak.  and  at  least  twelve 
inches  square,  when  employed  for  the  support  of  two  fronts. 

Window  frames  and  door  frames  to  the  first,  second,  third, 
and  fourth  rate  classes,  are  to  be  recessed  in  reveals,  four 
inches  at  least. 

Doorcases  and  doors  to  warehouses  only  of  the  first,  second, 
third,  or  fourth  rate  classes,  may  be  even  with  the  outward  face 
of  the  «  all. 

No  external  decoration  to  be  of  wood,  except  cornices  or 
dressings  to  shop  windows  ;  frontispieces  to  door-ways  of  the 
second,  third,  and  fourth  rate  classes,  and  covered  na_\s  or  por- 


ticoes to  buildings  ;  but  not  to  project  beyond  the  original  lino 
of  the  house  in  any  street  or  way.  Such  covered  way  or  por- 
tico not  to  be  covered  with  wood  :  nor  such  cornice,  covered 
way,  or  roof  of  the  portico,  to  be  higher  than  the  under  side  of 
the  sill  to  the  windows  of  the  one  pair  of  stairs  iloor.  No  flat 
gutter  or  roof,  nor  any  turret,  dormer,  or  lanlcrn  light,  or  othei 
erection  pl.iced  on  the  flat  of  the  roof  belonging  to  the  first, 
second,  third,  fourth,  and  liftli  rate  classes,  to  be  of  wood. 

No  wooden  water  tanks  must  be  higher  from  the  ground  than 
the  tops  of  the  windows  of  the  ground  story. 

Those  provisions  of  the  act  which  relate  to  the  Bricklayer 
are  the  most  numerous.  Every  nraster  bricklayer  mus-t  give 
twenty-four  hours' notice  to  the  surveyor  of  the  district,  con. 
cerning  the  building  to  be  altered  or  erected  ;  but  if  the  build- 
ing is  to  be  piled  or  planked,  or  begun  wi'.h  wood,  it  become.' 
the  business  of  the  carpenter  to  give  such  notice. 

The  footings  of  the  walls  are  to  have  equal  projections  on 
each  side;  but  where  any  adjoiiiiiig  building  will  not  admit  oi 
such  projections  to  he  made  on  the  side  adjoining  to  such 
building,  this  direction  to  be  complied  with  as  nearly  as 
possible. 

The  timbers  in  each  rate,  as  girders,  beams,  trimming  joists, 
&c.  may  have  as  much  bearing  as  the  nature  of  the  wall  will 
admit,  provided  four  inches  be  left  between  the  ends  of  suub 
timber  and  the  external  surface  of  the  wall. 

XX.  External  Walls. — Every  front,  side,  or  end  wall,  not 
being  a  party  wall,  is  called  an  external  wall. 

Externa!  walls,  and  other  external  enclosures  to  the  first, 
second,  third,  fourth,  and  fifth  rates  of  buildings,  must  be  of 
brick,  stone,  artilicial  stone,  lead,  copper,  tin,  slate,  tile,  or 
iron;  or  of  some  or  all  of  these  materials  in  conjunction,  ex- 
cept the  planking,  piling.  Sec.  for  the  foundation,  which  may  be 
of  wood. 

If  any  part  lo  an  external  wall  of  the  first  and  second  rate  is 
built  wholly  of  stone,  it  is  not  to  be  less  in  thickness  than  as 
follows  :  first  rate,  fourteen  inches  below  the  grouud  Iloor.  nine 
inches  above  the  grouud  Koor ;  second  rate,  nine  inches  above 
the  ground  floor. 

Where  a  recess  is  meant  to  be  made  in  an  external  wall,  it 
must  be  arched  over,  in  such  a  manner,  that  the  arch  and  the 
back  of  such  recess  shall  respectively  be  of  the  thickness  of 
one  brick  in  length  ;  l.ence  no  walls  are  allowed  to  be  recessed 
which  are  not  more  than  one  brick  in  thickness. 

No  external  wall  to  the  first,  second,  third,  and  fourth  rate, 
is  ever  to  become  a  party-w  all,  unless  tlie  same  shall  be  of  the 
height  and  thickness  above  the  footing,  as  is  required  for  each 
parly-wall  to  its  respective  rate. 

XXI.  7'«»;i/-lFo//s.— Buildings  of  the  first,  second,  third, 
and  fourth  rate,  which  are  not  yet  designed  by  the  owner 
thereof  to  have  separate  and  distinct  side  walls,  on  such  parts 
as  may  be  contiguous  to  other  buildings,  must  have  party- 
walls  ;  and  they  are  to  be  placed  half  and  half  on  the  ground 
of  each  owner,  or  of  each  building  resjieclivtly.  ami  may  be 
built  thereon,  without  any  notice  being  given  to  the  owner  of 
the  other  part,  the  first  builder  having  a  light  so  to  do,  when 
building  against  vacant  ground. 

Party-walls,  chimneys,  and  chimney  shafts  hereafter  to  be 
built,  must  be  of  good  sound  brick  or  stone,  or  of  sound 
bricks  and  stone  fogeihcr,  and  must  be  coped  with  stone,  tile, 
or  brick. 

Party-walls,  or  additions  thereto,  must  be  carried  up  thirteen 
inches  above  the  roof,  measuring  rit  right  angles  with  the  back 
of  the  rafter,  and  twelve  inches  above  the  gutter  of  the  highest 
building  which  gables  against  it;  but  where  the  lieight  of  a 
party-wall  so  carried  up.  exceeds  the  height  of  the  blocking 
course  or  parapet,  it  may  be  made  less  than  one  foot  above  the 
gutter,  for  the  dislance  of  two  feet  six  inches  from  the  front  of 
the  blocking  course  or  parapet. 

Where  dormers  (the  term  for  windows  in  roofs,  differing 
from  sky-lights  by  their  being  vertical)  or  other  erections  are 
fixed  in  any  flat  or  roof,  within  four  feet  of  any  party-wall, 
such  party-wall  is  to  be  cariied  up  against  such  dormer,  and 
must  extend  at  least  two  feet  wider,  and  to  the  full  height  of 
every  such  dormer  or  erection. 

No  recess  is  to  be  hereafter  made  in  any  party-wall  of  the 
fi.Tst,  second,  third,  and  fourth  rale,  except  for  chimney  flues. 
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pirders,  &c.  and  for  the  ends  of  walls  or  piers,  so  as  to  reduce 
HQch  wall  in  any  part  of  it  to  a  less  tliinkness  tlian  is  required 
hy  the  act,  for  the  highest  rate  of  building  to  which  such  wall 
belongs. 

No  openinR  is  to  be  made  in  any  party-wall,  except  for  com- 
munication from  one  slack  of  warehouses  to  anollier,  and  from 
one  stable  building  to  another,  and  the  eonmiunicalions  al- 
lowed must  haye  wrought  iron  doors,  and  the  panncls  thereof 
are  not  to  be  less  than  a  qunrter  of  an  inch  thick,  and  must  be 
fixed  in  stone  door-cases  and  sills.  But  there  may  be  open- 
ings for  passages  or  ways  on  the  ground,  for  foot  passengers, 
cattle,  or  carriages,  which  must  be  arched  over  throughout 
with  brick  or  stone,  or  brick  and  stone  together,  of  the  thick- 
ness of  a  brick  and  a  half  at  (he  least,  to  the  first  ami  second 
rate,  and  one  brick  to  the  third  and  fourth  rate.  And  if  there 
is  any  cellar  or  vaiuity  under  such  passage,  it  is  to  be  arched 
over  throu;;hout  in  the  same  manner  as  the  passage  over  it. 

No  party  wall,  or  party-arch,  or  shaft  of  any  chimney,  new 
or  old,  must  be  cut  inic,  except  for  the  following  purposes  :  if 
the  fronts  of  buildings  are  in  a  line  with  each  other,  a  recess 
may  be  cut,  both  in  the  fore  and  back  front  of  such  buildings, 
(as  may  be  already  erected.)  for  the  purpose  of  inserting  the 
end  of  such  other  external  wall,  which  is  to  arljoin  thereto. 
This  recess  must  not  be  more  than  nine  inches  deep  from  the 
outward  faces  of  such  external  walls,  and  not  ho  cut  b  yond 
the  centre  of  the  party-wall.  And  for  the  purpose  of  inserting 
hressunnners  and  story-posts,  that  are  to  be  lixed  on  the  ground 
door,  either  in  the  front  or  back  wall,  (he  recess  maj  he  cut 
from  the  foundation  of  such  new  wall  to  the  top  of  such  hrts- 
summer,  fourteen  inches  deep  from  the  outward  face  of  such 
wall,  and  four  inches  wide  in  the  cellar  story,  and  two  inches 
wide  on  the  ground  story.  The  same  may  also  be  done  for  the 
purpose  of  tailing-in  stone  steps,  or  stone  landings,  as  for 
bearers  to  wood  stairs,  or  for  laying-in  stone  corbels  lor  (he 
support  of  chimney  jandis,  girders,  beams,  purlines,  binding  or 
trimming  joists,  or  other  principal  timbers. 

Perpendicular  recesses  may  also  be  cut  in  any  party-wall, 
whose  thickness  is  not  less  (ban  thirteen  inches,  for  the  pur- 
pose of  inserting  w  alls  and  piers  therein  ;  but  they  must  not  be 
wider  than  fifteen  inches,  or  more  (ban  four  inches  deep;  and 
no  such  recess  is  to  be  r\earer  than  ten  feet  to  any  other  rece-s. 
All  such  cuttings  or  recesses  must  be  immediately  made  good, 
and  effectually  pinned  up,  with  brick,  stone,  slate,  tile,  shell, 
or  iron,  bedded  in  mortar. 

No  party  wall  must  be  cut  for  any  of  the  above  purposes,  if 
the  same  will  injure,  displace,  or  endanger  the  tindiers,  chim- 
neys, flues,  or  internal  lliiishings  of  (he  adjoining  buildings. 

The  fooling  may  be  cut  olf  on  the  side  of  any  party-wall, 
where  an  independent  side  wall  is  intended  to  be  built  against 
such  party-wall. 

When  any  buildings  (inns  of  court  excepted)  that  are  erected 
over  gale-ways,  or  public  passages,  or  have  different  rooms  and 
floors,  the  property  of  different  owners,  are  to  be  rebuilt,  they 
roust  have  a  party-wall,  with  a  party-arch  or  arches  of  the 
thii'kness  of  a  brick  and  a  half  at  the  least,  to  the  first  and 
second  rate,  and  of  one  brick  to  the  third  and  fourth  rate,  be- 
tween building  and  building,  or  between  the  different  rooms 
and  tloors  that  are  the  property  of  different  owners. 

Inns  of  court  are  recpnred  only  to  have  party-walls  where 
any  room  or  chamber  communicates  to  each  separate  and  dis- 
tinct staircase,  and  which  are  also  subject  to  the  same  regula- 
tions as  respect  other  party-walls. 

If  buildings  of  different  rates  adjoin  each  other,  and  any  ad- 
dition is  intended  to  be  made  to  the  lower  rate,  the  party-wall 
of  such  building  must  be  such  as  is  required  for  that  of  the 
higher  rate  adjoining. 

When  any  party-wall  is  raised,  it  is  to  be  made  of  the  same 
thickness  as  the  wall  in  the  story  next  below  the  roof  of  llie 
highest  building  adjoining,  but  it  must  not  be  raised  at  all, 
unless  it  can  he  done  with  safety  to  such  wall,  and  the  build- 
ing adjoining  thereto. 

Every  dwelling-house  built  four  stories  high  from  the  foun- 
dation, exclusive  of  rooms  in  the  roof,  must  have  its  party-wall 
built  according  to  the  third  rate,  although  such  dwelling-house 
may  be  of  the  fourth  rate.  Every  dwelling-house,  also,  ex- 
ceeding four  stories  in  height  from  the  foundations,  exclusive 
50. 


of  the  rooms  in  the  roof,  mu>t  have  its  party-wall  built  accord- 
ing to  the  first  rate,  although  such  house  may  not  be  of  (he  first 
rate. 

XXII.  Chhnnei/s. — No  chimney  is  to  be  erected  on  timber, 
except  on  the  piling,  planking,  &c.  of  the  foundations  of  the 
building. 

Chimneys  may  be  built  back  to  back  in  party-walls  ;  bat 
when  this  is  done,  tlicy  must  not  be  less  in  thickness  from  the 
centre  of  such  party-wall  than  as  follows:  first  rale,  or  adjoin- 
ing thereto,  must  be  one  brick  thick  in  the  cellar  story,  and  half 
a  brick  in  all  the  upper  stories.  Second,  third,  and  fourlli. 
rale,  or  airjoining  thereto,  must  be  three-quarters  of  a  brick  in 
the  cellar  story  ;  and  half  a  brick  in  all  the  upper  stories.  Such 
chimneys  in  party- walls  of  any  of  the  four  rates,  as  do  not 
stand  back  to  back,  may  be  built  as  follows  ;  from  the  external 
face  of  (he  pTr(y-wall  to  (he  inward  face  of  the  back  of  (he 
chimney  in  (he  cellar  s(ory,  one  brick  and  a  half  thick,  and  in 
the  upper  stoiies,  one  brick  thick  from  the  hearth  tu  twelxe 
inches  above  (he  in  inde.  If  such  chimney  is  built  aguiiiat 
any  other  wall,  (be  back  may  behalf  a  brick  thinner  than  above 
staled. 

Those  backs  of  chimneys  which  are  not  in  party-walls  of  the 
second,  third,  and  fourth  rate,  must  be  in  every  story  one  brick 
thickat  least,  from  the  hearth  to  twelve  inchesabove  the  mantle. 
These  backs  may  also  be  half  a  brick  thiuucr,  if  such  cbiiuocy 
be  built  against  any  other  wall. 

The  breasts  of  chimneys,  whether  in  party-walls  or  not,  are 
not  to  be  less  (ban  one  bricU  thick  in  tbe  cellar  story,  and  half 
a  brick  thick  in  every  other  story. 

All  partitions  between  flues  must  not  be  less  than  half  a 
brick  thick. 

Flues  may  be  built  opposite  to  each  other  in  party  walls,  but 
they  must  not  approach  nearer  to  (he  centre  of  such  wall  than 
two  inches. 

All  chimney  breasts  next  to  the  rooms,  and  cbimney  backs, 
and  all  flues,  aic  to  be  rendered  or  pargeted. 

Backs  of  cliiinneys,  and  llucs  in  party-walls  against  vacant 
ground,  must  be  lime  whited,  or  marked  in  some  durable  man- 
ner, but  must  be  rendered  or  pargeted  as  soon  as  any  other 
building  is  erected  to  adjoin  (hem. 

No  timber  must  be  over  the  opening  of  any  chimney  for  sup- 
porting the  breast ;  but  all  chiaiuc}smust  have  a  brick  or  stour 
arch,  or  iron  bar  or  bars. 

All  chimneys  must  have  slabs  or  foot  paces  of  stone,  marble 
(ile,  or  iron,  at  least  eighteen  inches  broad,  and  at  least  one 
foot  longer  than  the  opening  of  ihe  chimney  when  finished  , 
and  such  slabs  or  foot  paces  must  be  laid  on  brick  or  stone 
trimmers  at  least  eighteen  inches  broad  from  the  face  of  the 
chimneT  breast,  except  there  be  no  room  or  vacuily  beneath, 
in  w  hich  ease  (hey  may  be  bedded  on  the  ground- 

Urick  funnels  must  not  be  made  on  (he  outside  of  (he  first, 
seennd,  third,  or  fourth  rate,  next  to  any  street,  square,  i-ourt, 
road,  or  way,  so  as  to  extend  beyond  tbe  general  liue  of  the 
building  in  such  situations. 

No  metallic  funnel  or  other  pipe,  for  conveying  smoke  or 
steam,  is  allowed  to  be  fixed  near  any  public  street,  square, 
court,  or  w  ay  to  (he  firs(,  second,  (bird,  or  fourth  rale,  and  no 
such  pipe  is  (o  be  fixed  on  (be  inside  of  any  building  nearei 
than  fourteen  inches  to  any  timber,  or  other  combuslibic 
material. 

House.  Every  man's  house  is  as  his  castle,  as  well  to 
defend  him  against  injuries,  as  for  his  repose.  Upon  recovery 
in  any  real  action  or  ejectment,  the  sheriff  may  break  the  house 
and  deliver  seisin,  &c.  to  the  plaintiff.  Where  the  king  is 
parly,  the  sheriff  may  break  the  parly's  house  to  lake  him,  or 
to  execute  other  process  of  the  king;  but  he  ought  first  to 
signify  the  cause  of  his  coming,  and  request  the  door  to  be 
opened  ;  when  the  door  is  open,  the  sheriff  may  enter  and 
make  execution  at  the  suit  of  any  subject:  but  where  the  door 
is  shut,  there  he  cannot  break  it  to  execute  process  pt  the  suit 
of  a  subject.  Though  a  bouse  is  a  castle  for  the  owner  him- 
self and  his  family  and  his  own  goods,  &c.  yet  it  is  no  protec- 
tion for  a  stranger  (lying  thitlur;  or  the  goods  of  such  a  one  to 
prevent  lawful  executions,  nor  for  peisons  guilty  of  high  lica- 
son,  or  breaches  of  the  peace.  A  man  ought  so  to  use  his 
house  as  not  to  damnify  his  neighbours. 
tJ  H 
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HOUSED,  at  sea,  expresses  the  situation  of  the  ojreat  guns 
upon  the  middle  and  lower  decks  when  they  are  run  in,  and 
the  breech  beinp  let  down,  the  muzzle  rests  against  the  side 
above  the  port :  they  are  then  secured  by  their  tackles,  muz- 
zle laslies,  and  breerliings. 

HOVERING,  in  Law.  Ships  of  fifty  tons,  laden  with  cus- 
tomable or  prohibited  goods,  hovering  on  ilie  coasts  of  this 
kingdom,  within  the  limits  of  any  port  (and  not  proceeding 
from  foreign  parts)  must  take  a  security  in  sucli  sum  of  money 
to  the  amount  of  treble  the  value  of  such  foreign  goods  then  on 
board,  that  such  ship  shall  proceed,  as  soon  as  wind  and  wea- 
ther, and  the  condition  of  tlie  ship,  will  permit,  on  her  voyage 
to  forpjnn  parts. 

HUE  and  CRY,  is  the  ancient  common  law  process  after 
felons,  and  sucli  as  have  dangerously  wounded  any  person,  or 
assaulted  any  one  with  intent  to  rob  him.  For  the  levying  of 
hue  and  cry,  allhoush  it  is  a  good  course  to  have  a  justice's 
warrant,  where  time  will  permit,  in  order  to  prevent  causeless 
hue  and  cry;  yet  it  is  not  necessary,  nor  always  convenient; 
for  the  felon  may  escape  before  the  warrant  be  obtained. 

HUER,  or  HvER,  the  Icelandic  name  for  streams  of  heated 
water,  which  are  forced  with  great  violence  through  apertures 
in  the  earth,  by  internal  causes,  to  a  great  height,  in  that 
island. 

HUGUENOTS,  a  term  of  contempt,  first  given  to  the  French 
protestants,  in  the  year  loGO.  This  term  probably  o«es  its 
origin  to  an  erroneous  pronunciation  of  the  German  word  Eid- 
genossen,  which  signifies  sworn-fellows.  This  liad  been  the 
name  ol  that  part  of  the  Genevans  w  ho  entered  into  an  alliance 
with  the  Swiss  cantons,  in  order  to  maintain  their  liberties 
against  the  Duke  of  Savoy.  The  name  is  also  said  to  have 
been  derived  from  a  gate  of  the  city  in  which  they  first 
assembled. 

HUMANITIES,  in  the  plural,  signify  grammar,  rlietoric, 
and  poetry,  known  by  the  name  o(  literte  humaniores. 

HUMIDITY.     See  Hygrometer. 

HUMULUS,  in  Botany,  a  genus  of  the  dioecia  pentandria 
class  and  order.  There  is  but  one  species,  viz.  H.  lupulus, 
Hops,  which  see. 

HUNDRED,  a  number  equal  to  10  times  10,  denoted  by  the 
Roman  letter  C,  and  written  thus,  100.  Hundred  nei;//it,  a 
measure  of  weight  equal  to  112 lbs.  and  commonly  denoted  by 
the  contraction  cut. 

Hundred.  Hundreds  are  not  answerable  to  persons  robbed, 
travelling  on  a  Sunday  :  but  are  liable  to  penalty  on  expor- 
tation of  wool :  to  damages  sustained  by  pulling  down  build- 
ings, killing  cattle,  cutting  down  trees,  burning  houses,  &;c., 
destroying  turnpikes  or  works  on  navigable  rivers  ;  cutting 
liop-binds,  destroying  corn  to  prevent  exportation,  and  by 
wounding  officers  of  the  customs.  All  moneys  recovered 
against  the  hundred  to  be  levied  by  a  rate. 

HUNGARIAN  Machine,  an  hydraulic  engine,  is  a  very  inge- 
nious application  of  the  Hero  Jet  d'  Eau  principle.  The  following 
engraving  represents  this  machine.  A  is  the  source  of  water 
elevated  136  feet  above  the  mouth  of  the  pit,  and  from  this 
source  there  descends  a  pipe  D  of  4  inches  diameter,  which 
enters  the  crown  of  a  copper  cistern  13,  h\  feet  high,  ,'j  feet 
diameter,  and  2  inches  thick.  The  pipe  D  reaches  to  within 
4  inches  of  the  bottom  of  this  copper  cistern  ;  it  has  a  cock  at  I. 

This  cistern  has  a  cock  at  Q.  and  a  \cry  large  one  at  N  ; 
from  its  top  proceeds  a  pipe  V  EC  two  inches  diameter,  which 
goes  down  the  pit  96  feet,  and  is  inserted  into  the  top  of  another 
brass  or  copper  cistern  C,  6^  feet  high.  4  feet  dianigter,  and 
2  inches  thick  ;  the  latter  containing  nearly  83  cubic  feet,  w  liich 
is  about  half  the  capacity  of  the  former,  viz.  170  cubic  feet. 
Another  pipe.  F  O,  4  inches  diameter,  rises  from  within  4  inches 
of  the  bottom  of  this  lower  cistern,  is  suldeicd  into  its  lop,  and 
rises  to  the  trnugh  Z,  which  carries  ofl'  the  water  tVoin  the 
mouth  of  the  pit.  This  lower  cistern  commuiiic-ites  at  the 
bottom  with  the  water  O,  which  collects  in  the  drains  of  the 
mines.  A  large  cock  P  serves  to  exclude  or  admit  this  water  ; 
another  cock  M.  at  the  top  of  this  cistern,  communicates  with 
the  external  air. 

Now.  suppose  the  cock  I  shut,  and  all  the  rest  open  ;  the 
upper  cistern  will  contain  air.  and  the  lower  cistern  will  be 
filled  viiih  water,   because  it   is  sunk   so  deep   that  its  top  is 


below  the  usual  surface  of  the  mine-«aters.  Shut  the 
cocks  Q,  N,  M,  P,  and  open  the  cock  I.  The  water  of  the 
source  A  must  run  iii  by  the  orilicc  J,  and  rise  in  the  up- 
per cistern,  compressing 


the    air   above    it, 
along  the    pipe    V 


and 
EC 
and  thus  acting  on  the 
surface  of  the  water  io 
the  lower  cistern.  It  will 
therefore  cause  it  to 
rise  gradually  in  the  pipe 
O  F,  w  here  it  will  alway  s 
be  of  such  a  height  that 
Its  weight  balances  the 
elasticity  of  the  com- 
pressed air.  Suppose 
no  issue  given  to  the  air 
from  the  upper  cistern, 
it  would  be  compressed 
into  one-fifth  of  its  bulk 
by  the  column  of  136 
feet  high  ;  for  a  column 
of  34  feet  nearly  ba- 
lances the  ordinary  elas- 
ticity of  the  air.  There- 
fore, when  there  is  an 
issue  given  to  it  through 
the  pipe  VEC,  it  will 
drive  tlie  compressed  air 
along  this  pipe,  and  it 
will  expel  water  from 
the  lower  cistern.  When 
the  upper  cistern  is  full 
of  water,  there  will  be 
34  cubic  feet  of  water 
expelled  from  the  lower 
cistern.  If  the  pipe  OP 
had  been  more  than  136 
feet  long,  the  water 
would  have  riseul36feet, 
being  then  in  equilibrio 
with  the  water  in  the 
feeding  pipe  D,  by  the 
intervention  of  the  elas- 
tic air;  but  no  more 
water  would  have  been 
expelled  from  the  lower 
cistern  than  what  fills 
this  pipe.  But  the  pipe 
being  only  96  feet  high,  the  waterwill  be  thtoivn  out  at  Z  with 
a  considerable  velocity.  If  it  were  not  for  the  great  obstruc- 
tions which  water  and  air  must  meet  with  in  their  passage 
along  pipes,  it  would  issue  at  Z  with  a  velocity  of  more  than 
fifty  feet  per  second.  It  issues  however  much  more  slowly, 
and  at  last  the  upper  cistern  is  full  of  water,  and  the  water 
would  enter  the  pipe  V  E  and  enter  the  lower  cistern,  and, 
without  displacing  the  air  in  it,  would  lise  through  the  dis- 
charging pipe  O  P,  and  runoff  to  waste.  To  prevent  this,  there 
hangs  in  the  pipe  V  E  a  cork  ball  or  double  cone,  by  a  brass 
wire  which  is  guided  by  holes  in  two  cross-pieces  in  that  pipe. 
When  the  upper  cistern  is  filled  with  water,  this  cork  pings  up 
the  orifice  Y,  and  no  water  is  wasted  ;  the  influx  at  J  now 
stops.  But  the  lower  cistern  contains  compressed  air,  which 
would  balance  water  in  a  discharging  pipe  136  feet  high, 
whereas  O  P  is  only  96.  Therefore  the  water  will  continue  to 
flow  at  Z  till  the  air  has  so  far  expanded  as  to  balance  only 
'M  feet  of  w  aler,  that  is,  till  it  occupies  one-half  of  its  ordinary 
bulk,  that  is.  ojie-fourth  of  the  capacity  of  the  upper  cistern,  or 
42J  cubic  feel.  Therefore  42J  cubic  feet  will  be  expelled,  and 
the  efildx  at  Z  will  cease;  and  the  lower  cistern  is  about  one- 
half  full  of  n  ater.  When  the  attending  workman  observes  this, 
h«  shuts  the  cock  I.  He  might  have  done  this  before,  had 
he  known  the  orifice  V  was  stopped;  but  no  loss  ensues  from 
the  delay.  At  the  same  time  the  attendant  opens  the  cock  N 
the  water  issues  with  great  violence,  being  pressed  by  the  con- 
densed air  from  the  lower  cislErn.     It  therefore  issues  with  the 
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gnm  of  its  own  weight  and  of  this  compression.  Those  pra- 
duHlly  decrease  togetlier,  by  the  cfllux  of  Ihe  Hater  ;ind  the 
expansion  of  the  air;  hut  this  efllux  stops  hefore  all  the  water 
has  llowed  out;  for  there  are  42|  feet  of  the  lower  cistern 
occupied  by  air.  Tliis  (juantity  of  water  remains,  tliercfore,  in 
the  upper  cistern  nearly  :  the  worliman  knows  this,  because 
tlie  discharf;ed  water  is  received  first  of  all  into  a  vessel  con- 
taining three-fourths  of  the  capacity  of  the  upper  cistern. 
Whenever  this  is  tilled,  the  attendant  opens  the  cock  P  by  a 
long  rod  which  goes  down  the  shaft;  this  allows  the  water  of 
the  mine  to  fill  the  lower  cistern,  and  the  air  to  get  into  the 
upper  cistern,  which  permits  the  remaining  water  to  run  out  of 
it.  Thus  every  thing  is  brought  into  its  first  condition;  and 
when  the  attendant  sees  no  more  water  come  out  at  N,  he 
shuts  the  cocks  N  and  M,  and  opens  the  cock  I,  and  the  opera- 
tion is  repeated. 

There  is  a  very  surprising  appearance  in  the  working  of  this 
engine.  When  the  efflux  at  Z  has  stopped,  if  the  conk  Q  be 
opened,  the  water  and  ;iir  rush  out  together  with  prodigious 
violence,  and  the  drops  of  water  are  changed  into  hail  or  lumps 
of  ice.  It  is  a  sight  usually  shewn  to  strangers,  who  are  desired 
to  hold  their  hats  to  receive  the  blasts  of  air :  the  ice  comes  out 
with  such  violence  as  frequently  to  pierce  the  hat  like  a  pistol 
bullet.  This  rapid  congelation  is  a  remarkable  instance  of  the 
general  fact,  that  air  by  suddenly  expanding  generates  cold,  its 
capacity  for  heat  being  increased. 

Now,  from  the  above  account  of  the  procedure  in  working 
this  engine,  we  see  that  the  efllux  both  at  Z  and  N  licconies 
very  slow  near  the  end.  It  is  found  convenient  therefore  not 
to  wait  for  the  complete  discharges,  but  to  turn  the  coi^ks  when 
about  :J0  cubic  feet  of  water  have  been  discharged  at  Z;  more 
work  is  done  in  this  way.  A  gentleman  of  great  accuracy  and 
knowledge  of  these  subjects  took  the  trouble  of  noticing  parti- 
cularly the  performance  of  the  machine.  He  observed,  that 
each  stroke  took  up  about  three  minutes  and  one-eighth  ;  and 
that  32  cubic  feet  of  water  were  discharged  at  Z,  and  66  wcte 
expended  at  N.  The  expense  therefore  is  G6  feet  of  water 
falling  1.'36  feet,  and  the  performance  is  32  raised  96,  and  they 
are  in  the  proportion  of  66  X  136  to  32  x  96,  or  of  1  to  0.3422, 
or  nearly  as  3  to  1.  This,  says  Dr.  Gregory,  is  superior  to  the 
performance  of  the  most  perfect  undershot  mill,  even  when  all 
friction  and  irregular  obstructions  are  neglected  ;  and  is  not 
much  inferior  to  any  overshot  pump-mill  that  has  yet  been 
erected.  When  we  reflect  on  the  great  obstructions  which 
water  meets  with  in  its  passage  through  long  pipes,  we  may  be 
assured,  that  by  doubling  the  size  of  the  feeder  and  discharger, 
the  performance  of  the  machine  will  be  greatly  improved  ;  we 
do  not  hesitate  to  say,  that  it  would  he  increased  one-third  :  it 
is  true  that  it  will  expend  more  water;  but  this  will  not  be 
nearly  in  the  same  proportion,  lor  most  of  the  deficiency  of  the 
machine  arises  from  tlie  needless  velocity  of  the  first  efflux  at 
Z.  The  discharging  pipe  ought  to  be  110  feet  high,  and  not 
give  sensibly  less  water.  Then  it  must  be  considered  how- 
inferior  in  original  expense  this  simple  machine  must  be  to  a 
mill  of  any  kind  which  would  raise  10  cubic  feet  96  feet  high  in 
a  minute,  aud  how  small  the  repairs  on  it  need  be,  when  com- 
pared with  a  mill.  And,  lastly,  let  it  be  noticed  that  such  a 
machine  can  be  used  where  no  mill  whatever  can  be  put  in 
motion.  A  small  stream  of  water,  which  would  not  move  any 
kind  of  wheel,  will  here  raise  one-third  of  its  own  quantity  to 
the  same  height ;  working  as  fast  as  it  is  supplied. 

For  these  reasons,  we  join  in  opinion  with  Dr.  Gregory,  that 
the  Hungarian  machine  eminently  deserves  the  attention  of  the 
mathematicians  and  engineers,  to  biingitto  its  utmost  perfec- 
tion, and  into  general  use.  There  are  situations  whcie  this 
kind  of  machine  may  be  very  useful.  Thus,  where  the  tide 
rises  17  feet,  it  may  be  used  for  compressing  air  to  seven- 
eights  of  its  bulk  ;  and  a  pipe  leading  from  a  very  large  vessel 
inverted  in  it  may  be  used  for  raising  the  water  from  a  vessel 
of  one-eighth  of  its  capacity  17  feet  high  ;  or  if  this  vessel  has 
only  one-tenth  of  the  capacity  of  the  large  one  set  in  Ihe  tide- 
way, two  pipes  may  be  led  from  it;  one  into  the  small  vessel, 
and  the  other  into  an  equal  vessel  16  feet  higher,  which  receives 
the  waterfront  the  first.  Thus  one-sixteenth  of  the  water  may 
be  raised  34  feet,  and  a  smaller  quantity  to  a  still  greater 
height;    and  this  with  a  kind    of  power  that  can  hardly  be 


applied  any  other  way.  Machines  of  this  kind  shouM  not  be 
forgotten,  because  opportuniiic-s  may  offer  of  making  them 
highly  beneficial,  where  other  circnmsiances  might  dictate  their 
erection. 

Mr.  J.  W.  Boswcll  has  devised  an  apparatus,  which  nhea 
attached  to  such  a  machine  as  that  at  Chemnitz,  enables  it  to 
work  itself  without  attendance.     S<-e  the  foregoing  figure. 

A,  is  the  reservoir,  or  upper  level  of  v?atcr. 

U,  a  chamber  or  cistern  made  of  sullicient  strength  to  bear 
the  internal  pressure  of  a  column  of  water  the  heiglitof  A  above 
it,  multiplied  by  its  own  base. 

C,  a  chamber  of  the  same  strength  as  R,  but  of  a  smaller 
size;  it  is  placed  at  the  bottom  of  the  pit  from  which  the  water 
is  to  be  raised,  and  under  the  le\el  of  the  water.  These 
chambers  would  be  stronger  with  the  same  materials,  if  of  a 
globular  or  cylindti'al  form;  but  the  si|aare  shape  is  used  in 
the  drawing,  merely  for  the  facility  of  representing  the  position 
of  the  parts. 

D,  a  pipe  from  the  reservoir  A,  which  passes  through  the  top 
of  B,  and  ends  near  its  bottom,  to  convey  water  from  A  to  li. 

K,  a  pipe  from  the  top  of  li  to  the  top  of  C,  to  convey  air 
from  U  to  C. 

F,  a  pipe  from  the  bottom  of  C  to  Ihe  level  of  the  ground  at 
the  top  of  the  pit,  to  carry  off  the  water  from  the  pit. 

G,  a  pipe  from  the  bottom  of  IJ  to  carry  off  the  water  from  it. 
H,  a  vessel  to  crmtain  the  water  used  in  working  the  cocks  ; 

it  is  only  placed  on  the  top  of  B  to  save  the  construction  of  a 
stand  on  ])urpose  lor  it. 

I,  a  cock,  or  moveable  valve  (worked  by  the  lever  there 
represented)  in  the  large  pipe  D. 

N,  a  slop-cock  in  the  small  pipe  which  conveys  water  from 
D  to  H.  Its  use  is  to  make  the  engine  work  taster  or  slower, 
by  letting  water  more  or  less  cpiick  into  H;  or  to  slop  it  alto- 
gether from  working  when  required. 

L,  a  moveable  valve  or  cock  in  the  small  pipe  L  K.  The  lever 
which  works  it  is  connected  by  a  strong  wire  with  tlie  lever 
which  works  I,  and  is  balanced  by  a  weight  at  its  oppositu 
extremity,  suflicient  to  open  bolli  these  cocks  and  shut  N,  when 
not  prevented  by  a  counter-weight. 

N,  a  cock  in  the  pipe  G  to  open  and  shut  it  as  wanted. 

G,  a  self-moving  valve  in  the  pipe  F,  which  permits  the  water 
to  pass  upwards,  but  prevents  its  return. 

P,  a  self-moving  valve  at  the  bottom  of  C,  which  permits  the 
water  to  pass  into  C,  but  prevents  any  from  passing  out  of  it; 
it  is  furnished  with  a  grating,  to  prevent  dirt  getting  in. 

U,  a  vessel  suspended  from  the  levers  of  I  and  L,  capable  of 
containing  a  weight  of  water  suflicient  to  shut  them. 

S,  a  vessel  suspended  from  the  levrr  of  N  :  it  roust  contain 
water  enough  hy  its  weight  to  open  N  :  it  is  connected  by  a 
chain  to  li,  to  keep  it  down  as  long  as  N  is  open. 

T,  a  syphon  passing  from  the  bottom  of  H,  near  its  upper 
edge,  and  down  again  to  the  month  of  R. 

V,  a  self-moving  valve  of  a  suflicient  levity  (o  rise,  when  the 
water  in  B  comes  up  to  it,  and  cln.<o  the  pipe  E  ;  into  whicli  no 
water  would  else  pass  from  IS.  A  ball-cock,  such  as  is  used  in 
common  water  cisterns,  would  do  lirre. 

X,  a  syphon  from  the  bottom  of  IJ,  rising  within  an  inch  of  its 
top,  and  passing  down  again  to  the  mouth  of  S. 

y,  a  small  pipe  at  the  bottom  of  S:  this  may  liavc  a  stop- 
cock to  regulate  it,  which,  when  stopped,  will  also  stop  the 
engine. 

The  mode  of  this  engine's  working  is  as  follows:  Suppose 
the  vessels  V,  H,  R,  and  S,  empty  of  water,'and  the  cocks  K  and 
Yo|icn,  and  the  vessel  C  full  of  water.  The  weight  on  the 
lever  of  L  will  then  open  the  cocks  L  and  I,  on  w  hich  the  w  ater 
from  A  will  flow  into  B  and  H.  As  the  water  rises  in  B,  it  will 
force  the  air  through  E  into  C,  which  strongly  pressing  on  the 
water  in  C,  will  force  it  up  through  the  pipe  F,  till  the  water  in 
B  rises  to  the  lever  of  V  and  closes  it,  at  which  time  it  will  be 
full  of  water,  (ihe  quantity  flowing  in  being  so  regulated  by  the 
cock  K.)  and  the  water  will  flow  from  it  tlirough  the  syphou  T 
into  the  vessel  li,  which,  as  it  fills,  shuts  the  corks  I  and  L,  and 
prevents  any  more  water  coming  into  15  and  H.  When  R  is 
full,  the  water  flows  through  its  sv  phon  X,  which  fills  S,  and  by 
it  opens  N,  whicli  empties  B  of  water,  and  keeps  N  open  a« 
long  as  there  is  any  w  ater  in  H. 
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When  H  is  empty,  B  will  be  so  too,  (being  so  regulated  by 
th  cock  K)  on  which,  in  a  moment  or  two,  R  and  S  will  also 
be  empty  ;  which  will  cause  the  rocks  I  and  L  to  open,  and  all 
tlling^  will  be  again  in  the  state  first  supposed,  for  a  repetition 
of  the  operations  described. 

To  stop  the  engine,  the  cocks  at  K  and  Y  should  be  shut, 
while  S  is  full  of  water.  To  set  it  working,  they  should  be 
open  ;  and  this  is  all  the  attendance  it  will  require.  As  no 
one  but  an  engineer  should  attempt  to  construct  such  an  engine 
as  this,  it  was  useless  to  represent  the  manner  of  connecliiig 
the  pipes  by  flanches,  or  otherwise  ;  or  the  proper  methods  of 
fastening  and  closing  tlie  parts,  which  are  all  well  known  to 
such  as  have  made  this  art  their  study. 

HUNGARY  Water,  denominated  from  a  queen  of  Hun- 
gary, is  made  by  distilling  in  balneo,  fresh-gathered  flowers  of 
rosemary,  two  pounds  ;   rectified  spirits  of  wine,  two  quarts. 

HURDLES,  in  Fortification,  twigs  of  willows  or  osiers  in- 
terwoven close  together,  sustained  by  long  stakes,  and  usually 
laden  with  earth.     See  Fortification. 

Hi'RDLKS,  in  Husbandry,  frames  of  split  timber,  or  of  hazel 
rods  wattled  together,  to  make  sheep-folds,  &c. 

HURRICANE,  a  furious  storm  of  wind,  owing  to  a  con- 
trariety of  winds.  SfeWiND  and  Whirlwind.  Hurricanes 
are  frequent  in  the  West  Indies,  where  they  make  terrible 
ravages,  by  rooting  up  trees,  destroying  houses  and  shipping, 
and  the  like.  Hurricanes  happen  either  on  the  day  of  the 
full,  change,  or  quarter  of  the  moon.  From  the  unusual  red- 
ness of  the  sun,  great  stillness,  and  at  the  same  time  lurbu- 
lenne  of  the  skies,  swelling  of  the  sea,  the  like  happening  at 
the  change  of  the  moon,  the  natives  conclude  there  will  be  a 
hurricane  next  full  moon  ;  and  if  the  same  signs  be  observed 
on  the  full  moon,  they  expect  one  next  new  moon.  As  the 
wind  betwixt  the  trojjics  is  gcner.nlly  easterly ,  and  upon  the 
sun's  going  back  from  the  northern  tropic,  the  western  winds 
pour  down  with  violence  upon  those  parts,  the  opposition  of 
these  contrary  winds  cannot  fail  to  produce  a  hurricane. 
Hurricanes  shift  not  through  all  the  points  of  the  compass,  but 
begin  always  with  a  north  wind,  veer  to  the  east,  and  then 
cease;  and  their  shifting  between  these  two  points  is  so  sud- 
den and  violent,  that  it  is  impossible  for  any  ship  to  veer  with 
it. — The  importance  of  the  barometer,  as  indicating  the  ap- 
proach of  hurricanes,  may  be  learned  from  the  following  cor- 
roborative remarks  on  the  subject,  which  we  extract  frnm  an 
interesting  letter  to  the  Editor  of  the  South  Afiicun  Chronicle: 
"  Every  one  at  all  acquainted  with  the  mechanism  of  a  baro- 
meter, is  aware  thiit  its  construction  originated  in  a  discovery, 
that  the  mean  density  of  the  atmosphere  is  capable  of  support- 
ing a  column  of  mercury  equal  to  about  thirty  inches  in  length  ; 
it  follows,  therefore,  that  every  deviation  from  that  height  is 
the  result  of  some  change  or  other  in  the  actual  density  or 
gravity  of  the  atmosphere  which  supports  it,  the  trifling  effect 
excepted,  which  is  produced  by  the  attractive  and  cohesive 
qualities  of  the  tube  in  which  it  is  confined  ;  but,  although  it  is 
clear  that  no  alteration  can  take  place  in  the  quicksilver,  which 
is  not  occasioned  by  a  proportional  change  in  the  \\  eight  of  the 
atmosphere,  these  changes  depend  upon  such  a  variety  of 
causes,  and  are  frequently  so  minute  as  not  to  be  perceptible, 
or  accompanied  by  any  visible  alteration  of  the  weather,  which 
is  the  reason  why  small  deviations  in  the  barometer  do  not 
always  indicate  any  change  whatever  in  the  latter.  It  is  a 
well-established  fact,  that  the  barometer  undergoes  little  or  no 
variation  throughout  the  region  of  the  tropics,  except  when 
under  the  influence  of  an  approaching  hurricane,  when  it  is 
equally  notorious  that  it  invariably  falls  rapidly  and  considei- 
ably,  as  it  inevitably  must  do,  if  we  consider  the  principle 
upon  which  the  quicksilver  is  supported  in  the  tube,  and  con- 
nect it  with  the  probable  cause  of  these  storms,  which  are  as 
much  exceeded  in  violence,  as  the  situations  in  which  they  are 
generated  are  at  most  other  periods  in  mildness,  by  the  more 
boisterous  climates  of  Europe.  Of  the  danger  attending  tliem, 
(says  Colonel  Wright.)  1  have  acquired  some  degree  of  know- 
ledge from  dear-bought  experience,  and  of  their  approach  we 
may  at  all  times  be  warned  by  an  infallible  monitor,  lilthough  I 
fear  it  is  too  often  fatally  slighted,  through  ignorance,  pcrversc- 
ness,  or  prejudice;  because  that  part  of  the  ocean  to  which 
these  remarks  are  confined  is  frequently  sailed  over  without 


having  to  encounter  a  hurricane;  and  because,  throughout 
such  navigation,  the  barometer  mnij  remain  aluiost  stationary, 
it  is  too  apt  to  be  thought  a  useless  appendage  to  a  ship  in 
those  seas  ;  but,  so  far  is  this  from  being  a  just  conclusion, 
that,  in  my  opinion,  the  circumstance  of  its  not  being  affected 
by  any  other  weather  than  such  as  is  attended  with  imminent 
danger,  is  the  strongest  argument  that  can  be  adduced  for  its 
being  particularly  valuable  in  those  regions.  In  high  latitudes 
the  experienced  eye  and  judgment  of  the  sailor  prove  a  pretty 
correct  substitute  for  a  barometer  ;  but  the  tropical  hurricane, 
like  the  wolf  in  the  fable,  always  comes  on  when  least  expected, 
so  far  as  appearances  are  concerned,  and  therefore  the  baro- 
meter is  the  only  guide  to  be  safely  confided  in.  My  conclu- 
sion then  is,  after  many  years'  experience  of  the  navigation  of 
those  seas,  as  well  as  from  theory,  that,  whenever  the  baro- 
meter is  observed  to  fall  suddenly  and  considerably  any  where 
within  the  tropics,  it  may  be  considered  indubitable,  that  an 
uncommon  degree  of  rarefaction  of  that  part  of  the  atmo- 
sphere is  in  progress,  and  that  it  will  inevitably  be  followed  by 
a  violent  reaction.  Not  a  moment,  therefore,  is  to  be  lost  in 
bringing  the  ship  to  w  ind,  and  preparing  her  for  a  storm  ; 
from  that  moment  the  sliip  has  passed  the  circumference  of  a 
circle,  the  centre  of  which  is  the  centre  of  danger,  inasmuch  as 
it  is  the  centre  of  the  atmospheric  expansion.  I  think  I  may 
fairly  conclude,  that  the  barometer  will  infallibly  indicate  the 
approach  of  a  hurricane  within  the  tropics,  and  that  where  the 
storm  commences,  there  will  it  first  sub  idc,  and  there  will  it 
be  most  moderate:  and  if  this  be  the  tiutli,  one  would  almost 
think  it  were  an  instrument  placed  by  Providence  in  the  hands 
of  sailors  to  warn  them  of  their  danger;  for  if  they  are  to  pro- 
ceed in  their  course,  in  defiance  of  such  warning,  the  baro- 
meter might  as  well  be  on  shore.  The  sailor  is  an  amphibious 
animal,  and  there  being  something  peculiar  in  the  disposition 
of  animals  which  partake  of  a  twofold  nature,  I  recommend,  in 
conclusion,  that  those  gentlemen  and  ladies  from  the  East, 
who  have  recourse  to  our  salubrious  climate  for  the  purpose  of 
repairing  their  shattered  constitutions,  should  never,  but  when 
it  cannot  be  avoided,  engage  a  passage  in  a  ship  tliat  is  not 
possessed  of  one,  and  that  they  should  keep  guard  over  its 
silent  salutary  warnings  themselves." 

HUSBAND  and  WIFE,  usually  termed  Inron  and/cme,  are 
one  person  in  law;  that  is,  the  very  being  or  legal  existence  of 
the  woman  is  suspended  during  the  marriage  ;  or,  at  least,  is 
incorporated  and  consolidated  into  that  of  the  husband,  under 
whose  wing,  protection,  and  cover  she  performs  every  thing; 
she  is  therefore  called,  in  our  law,  (French,)  a  feme  covert, 
that  is,  under  the  protection  and  influence  of  her  husband,  her 
baron,  or  lord  ;  and  her  condition,  during  her  marriage,  is 
called  her  coverture.  A  man  cannot  grant  lands  to  his  wife 
during  the  coverture,  nor  any  estate  or  interest  to  her,  nor 
inter  into  covenant  with  her;  but  !ie  may,  by  his  deed,  cove- 
lant  with  others  for  her  use,  as  for  her  jointure,  or  the  like; 
and  he  may  give  to  her,  by  devise  or  will,  because  the  devise 
or  will  does  not  take  efi'ect  till  after  his  death.  All  deeds 
executed  by  the  wife,  and  acts  done  by  her  during  her  cover- 
ture, are  void;  except  a  fine,  or  the  like  matter  of  record,  in 
which  case  she  must  be  solely  and  secretly  examined,  that  it 
may  be  know  n  whether  or  not  her  act  be  voluntary.  A  wife  is 
so  much  favoured,  in  respect  of  that  power  and  authority  which 
lier  husband  has  over  her,  that  she  shall  not  suffer  any  punish- 
ment for  committing  a  bare  theft,  in  company  with  or  by  coer- 
cion of  her  husband  :  but  if  she  commit  a  theft  of  her  own 
voluntary  act.  or  by  tlie  bare  command  of  her  husband,  or  be 
guilty  of  treason,  murder,  or  robbery,  in  company  with  or  by 
coercion  of  her  husband,  she  is  punishable  as  much  as  if  she 
v\'ere  sole  ;  because  of  the  odiousness  and  dangerous  conse- 
quence of  these  crimes.  By  marriage,  the  husband  hath  power 
over  his  wife's  person  ;  and  the  courts  of  law  still  permit  a 
husband  to  restrain  a  wife  of  her  lil)erty,  in  case  of  any  gross 
misbehaviour ;  but  if  he  threaten  to  kill  her,  5cc.  she  may  make 
liini  fiad  secuiity  of  the  peace,  by  suing  a  writ  oi supplicavk  out 
of  Chancery,  or  by  preferring  articles  of  the  peace  against  him, 
in  llic  court  of  King's  Bench,  or  she  may  apply  to  the  spiritual 
court  for  a  divorce,  on  account  of  cruelty.  The  husband,  l)y 
marriage,  obtains  a  freehold  in  right  of  bis  wife,  if  he  takes  a 
woman  to  w  ife  that  is  seized  of  a  freehold ;  and  he  may  make 
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a  lease  lliereof  for  twenty-one  years,  or  tliree  lives,  if  it  be 
made  according  to  the  statute  32  Henry  Vllt.  c.  28.  The 
husband  also  gains  a  chattel  real,  as  a  term  for  >ears,  to  dis- 
pose of,  if  he  please,  by  grant  or  lease  in  her  lifrtinic,  or  hy 
surviving  her :  otherwise  it  remains  viitli  the  wife;  and  upon 
execution  for  the  hushand's  dcht,  the  shcrillniay  sell  the  term 
during  the  life  of  the  wife.  Tlie  hushand  alsn,  by  the  marriage, 
hath  an  absolute  gift  of  all  chattels  personal,  in  possession  of 
the  wife  in  her  own  right,  whether  he  survives  her  or  not.  I>ut 
if  these  chattels  personal  are  c/iosfs  in  acti'  n,  that  is,  things 
to  be  sued  for  by  action,  as  debts  by  obligation,  contract,  or 
th>'  lik>',  th>'  husband  shall  not  have  theui,  unless  he  and  liis 
wife  recover  them. 

By  custom  in  London,  a  wift  may  carry  on  a  separate  trade  ; 
and  as  such,  is  liable  to  the  statutes  of  bankruptcy,  with  re- 
spect to  the  goods  in  such  separate  trade,  with  which  the  hus- 
band cannot  intermeddle.  If  the  wife  be  indebted  before 
marriage,  the  husband  is  bound  afterwards  to  pay  the  debt, 
living  with  the  wife;  for  he  has  adopted  her  and  her  circum- 
stances together;  but  if  the  wife  die,  the  husband  shall  not  he 
charged  for  the  debt  of  his  wife  after  her  death  ;  if  the  creditor 
of  the  wife  do  not  get  judgment  during  the  coverture.  The 
husband  is  bound  to  provide  his  wife  necessaries,  and  if  she 
contract  for  them,  he  is  obliged  to  pay  for  them  ;  but  for  any 
thing  besides  necessaries  he  is  not  chargeable  :  and  also,  if  a 
wife  elope,  and  live  with  another  man,  the  husband  is  not 
chargeable  even  for  necessaries  ;  at  least  if  the  person  who 
furnish  them  be  sufficiently  apprized  of  her  elopement.  A  man 
having  issue  by  his  wife,  born  alive,  shall  be  tenant  by 
courtesy  of  all  the  lands  in  fee-simple,  or  fee-tail  general,  of 
which  she  shall  die  seised  ;  and  after  her  death,  he  shall  have 
all  chattels  real  ;  as  the  term  of  the  wife,  or  a  lease  for  years 
of  the  wife,  and  all  other  chattels  in  possession  ;  and  also  all 
such  as  are  of  a  mixed  nature,  (partly  in  possession  and  partly 
in  action,)  as  rents  in  arrear,  incurred  before  the  marriage  or 
after;  but  things  merely  in  action,  as  of  a  bond  or  obligation 
to  the  wife,  he  can  only  claim  them  as  administrator  to  his 
wife,  if  he  survive  her.  If  the  wife  survrvc  the  husband,  she 
shall  have  for  her  dower,  the  third  part  of  all  his  freehold 
lands:  so  she  shall  have  her  term  for  years  again,  if  he  have 
not  altered  the  property  duiing  his  life:  so  also  she  shall  have 
again  all  other  chattels  real  and  mixed  ;  and  so  things  in  action, 
as  debts,  shall  remain  to  her,  if  they  were  nut  received  durin<' 
the  marriage:  but  if  she  elope  from  her  hushand,  and  go  away 
with  her  adulterer,  she  shall  lose  her  dower;  uidess  her  hus- 
band had  willingly,  without  coercion  ecclesiastical,  been  recon- 
ciled to  her,  and  permitted  her  to  cohabit  with  him — Wutkiiis's 
Cyclopadia. 

Husband,  Ship's,  the  owner,  who  takes  the  direction  and 
management  of  a  ship's  concern  upon  himself,  the  other  owners 
payinff  him  a  commission  for  his  trouble. 

HUSBANDRY,  or  Aokicultuhk,  is  Ihe  science  which 
explains  the.  means  of  making  the  earth  produce,  in  jilenty  and 
perfection,  those  vegetables  which  are  necessary  to  ihe  sub- 
sistence of  man,  and  of  the  animals  reared  by  him  for  food  ur 
labour.  To  explain  the  various  branches  of  this  important 
article  would  require  a  volume,  or  an  extended  a(^eouiit  which 
our  pages  cannot  admit.  To  the  agriculturist  we  would  rei-oni- 
mend  Townes's  Farmer's  Directory,  as  a  work  replete  with 
valuable  information. 

HUSTINGS,  a  court  held  before  the  Lord  Mayor  and  Alder- 
men of  London.  Error  on  attaint  lies  there  of  a  false  verdict 
in  the  sherilf's  court. 

HUYGENS,  a  very  celebrated  Dutch  mathematician  and 
astronomer,  who  flourished  in  the  17th  century.  He  has  been 
chiefly  distinguished  for  making  improvements  in  the  telescope, 
the  air  pumps,  and  pendulums. 

HY-'I^NA,  in  Natural  History,  an  animal  remarkable  for  its 
untamcable  ferocity.  It  is  (Oiiclly  an  inhahitjint  of  the  most 
solitary  regions  of  Ihe  torrid  zone. 

HYijKRNACULUM,  that  part  of  the  plant  which  defends 
the  embryo  plant  from  injuries  during  winter. 

HYDKA    Polypus,    in    Natural    History,    a   genus   of  the 

vermes  zoophyla  class  and  order  ;  an  animal  fixing  itself  by  llir 

base,  linear,  gelatinous,  naked,  contractile,  and  furnished  Willi 

setaceous  feeders;  inhabiting  fresh  waters,  and  producing  its 
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deciduous  offspring  or  eggs  from  the  sides.  There  are  five 
species.  When  a  po.ype  is  cut  transversely,  or  longitudinally, 
into  two  or  Ihrec  parts,  each  part  in  a  short  time  becomes  a 
perfect  animal  ;  and  so  great  is  this  prolific  power,  that  a  new 
animal  will  be  produced  even  from  a  small  portion  of  the  skin 
of  the  old  one.  If  the  young  ones  be  mulilatid  while  Ihey 
grow  upon  the  parent,  the  parts  so  cut  off  will  be  reproduced  ; 
and  Ihe  same  property  belones  to  the  parent.  .A  truncated 
portion  will  send  forth  young  ones  before  it  has  ap()'iiie(l  a  new 
head  and  tail  of  its  own,  and  sometimes  the  head  of  the  young 
one  supplies  the  [)lace  of  that  whi<:li  should  have  grown  out  of 
Ihe  old  one.  If  we  slit  a  polype  longitudinally  through  Ihe 
head  to  the  middle  of  the  body,  we  shall  have  one  formed  with 
two  heads  ;  and  by  again  slitting  these  in  the  same  manner,  we 
may  form  one  with  as  many  heads  as  we  please.  A  still  more 
surprising  property  of  these  animals  is,  that  they  may  be 
grafted  together.  If  the  truncated  poriions  of  a  polype  be 
placed  end  to  end,  and  gently  pushed  together,  they  will  unite 
into  a  single  one.  The  two  portions  are  (irst  joined  together 
by  a  slender  neck,  which  gradunlly  fdN  up  and  disappears,  the 
food  passing  from  one  pari  into  ihe  other;  and  thus  we  may 
form  polypes,  not  only  from  dilhrent  portions  of  the  same 
animal,  but  from  those  ordilferenl  animals.  We  may  fix  the 
head  of  one  to  the  body  of  Ihe  oilier,  and  Ihe  compound  animal 
will  grow,  eat,  and  multiply,  as  if  it  had  never  been  divided. 
By  pushing  Ihe  body  of  one  into  the  mouth  of  another,  so  far 
that  their  heads  may  be  brought  into  eonlact.  and  kept  in  that 
situation  fir  some  lime,  lliey  will  at  last  unite  iiilo  one  animal, 
only  hav  iiig  double  Ihe  usual  number  of  arms.  The  hydra  fusea 
may  be  lurntd  inside  out  like  a  glove,  at  the  same  lime  that  it 
conliiHies  lo  eat  and  live  as  before.  The  lining  of  the  sloniacli 
now  forms  tlie  outer  skin,  and  the  former  epideruiis  constitutes 
the  lining  of  the  stomach. 

HVDRA,  llie  Female  Snake,  is  an  immense  constellation  of 
the  Soulhern  hemisphere,  extending  for  above  ItXJ  degrees 
from  the  west  to  cast,  benealh  the  Crab,  the  Lion,  and  the 
Virgin.  This  constellation  is  said  lo  represent  the  water  ser- 
pent destroyed  by  Hercules.  The  origin  of  the  Celestial  Snake 
is  as  doubtful  as  that  of  the  Crow  or  the  Cup;  for  another 
fable  tell  us  that  Apollo,  intending  to  offer  a  sacrifice  to  Jupi- 
ter, sent  a  crow  with  a  cup  for  some  water  ;  but  the  bird  having 
amused  itself  otherwise  than  it  had  been  bidden,  and  returning 
wilhout  its  errand,  excused  itself  to  the  god,  by  alTirming  that 
the  stream  into  which  it  wished  to  dip  the  cup  was  guarded  by 
an  enormous  serpent.  Apollo,  lo  punish  the  falsehood  of  the 
ciovv,  phiced  it  opposite  to  the  cup,  and  charged  the  serpent 
not  lo  allow  it  to  drink. 

The  boundaries  and  contents  of  this  constellation  are: — 
North  by  the  zodiacal  signs  Cancer.  Leo,  and  Virgo  ;  west  by 
Moiioccros ;  south  by  Argo  Navis.  .Vntlia  Pneumatica,  and 
Centaunis  ;  and  east  by  Lupus  and  Scorpio.  There  are  sixty 
stars  in  Ihis  constellation,  the  chief  of  which  is  Alphard,  (or 
Cor  Hydra".)  of  the  2d  magnitude,  three  of  the  3d,  twelve  ef 
the  4th,  &e. 

a  Hydra!  culminales  at  the  following  hours,  in  astronomical 
lime,  on  Ihe  1st  of  every  month  throughout  the  year:  Merid. 
alt.  4G°21'  45". 


lO.NTll. 

Culm. 

Month. 

Culm 

Month.         Ciw.m. 

lio.  mi.  sec. 

ho.  mi. 

»ec. 

ho.    mi.  see. 

.Ian. 

14     30       4 

May 

G     45 

2G 

Sept.        22     35     10 

Feb. 

12     18     in 

Jone 

4     43 

5 

Oct.         20     47     2l! 

Mar. 

10     29     35 

Ji.iy 

2     31) 

12 

Nov.         18     51     1» 

April 

8     30     22 

Aug. 

0     34 

39 

Dec.         16     47     3G 

HYD 

RATE,  in  C 

Iiemistry, 

express 

es  t 

le  chemical  union  ol 

water  with  any  substance,  and  especially  with  certain  metallic 
oxides. 

I1YDR.\ULIC0N,  Wnler  Oi;/aii,  in  Music,  an  instrumen. 
a<-ied  upon  by  water;  Ihe  invenlionof  which  is  said  to  be  ofhigher 
anli<piily  than  that  of  Ihe  wind  organ. 

HYDRAULICS.  The  science  of  hydraulics  teaches  as  the 
n.elhod  of  eslimaling  the  swiftness  and  force  of  lliiids  in  motion. 
IVIodern  philosophy  has  digniliod  this  science  by  Ihe  name  of 
llildrndfinnmics,  or  the  application  of  Dynamics  to  the  impul- 
sion and  flow  of  water  anl  other  licjuids. 

The  pressure  of  water  against  the  sides  of  vessels  is  io- 
(i  I 
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creased  l>y  au  increase  of  depth  :  this  holds  true,  of  water  in 
\essels,  canals,  rivers,  reservoirs.  Sec.  <ind  the  proportion  is  as 
the  square  of  the  depth,  or  altitude.  Upon  the  principles  of 
tnis  science  many  machines  worlced  by  water  are  constructed  ; 
and  several  ditiercnt  engines  used  in  the  mechanical  arts, 
various  kinds  of  mills,  pumps,  and  fountains,  are  but  applica- 
tions of  this  theory  judiciously  applied. 

The  velocity  with  which  water  spouts  from  a  hole  at  the 
side,  or  in  the  bottom  of  a  vessel,  is  as  the  square  root  of  the 
depth  or  distance  of  the  hole  below  the  surface  of  the  water  ; 
for  in  order  to  make  double  the  (|uantity  of  a  lUiii!  run  through 
one  hole  as  through  another  of  the  same  size,  it  will  require 
four  times  the  pressure  of  the  other,  and  therefore  the  aperture 
must  be  four  times  the  depth  of  the  other  below  the  sui  face  of 
the  water;  and  for  the  same  reason,  three  times  the  ipiantity 
rumiinu:  in  an  equal  time  through  the  same  sort  of  hole  must 
run  with  three  times  the  velocity,  which  will  recpiire  nine  times 
the  pressure,  and,  consequently,  the  hole  must  be  nine  tiiues  as 
deep  beluw  the  surface  of  the  lluid,  and  so  on. 

As  a  proof  of  this,  the  fullovving  experiment  can  be  tried  : — 
Let  two  pipes  of  equal-sized  bores  be  fixed  into  the  side  of  a 
vessel,  one  pipe  being  four  times  as  deep  below  the  surface  of 
the  water  in  tlie  vessel  as  the  other  is  ;  and  while  the  pipes 
run,  let  water  be  poured  constantly  into  the  vessel  so  as  to 
keep  it  always  full.  Then,  if  a  cup  that  holds  a  pint  be  so 
placed  as  to  receive  the  water  that  spouts  from  the  upper  pipe, 
and  at  the  same  moment  a  cup  that  holds  a  quart  be  placed  to 
receive  the  water  from  the  lower  pipe,  both  cups  will  be  tilled 
at  the  same  time  by  their  respective  pipes. 

To  Construct  a  iVater  Measure. — When  a  stream  of  water 
flows  into  a  cistern  just  as  fast  as  it  is  discharged,  the  lluid 
must  evidently  maintain  a  constant  level,  from  which  the  cele- 
rity is  eas'ly  computed.  Suppose  the  aliitude  3  inches,  the 
velocity  ot  discharge  would  be  8  Vi-  o""  **  'eet  each  second  ; 
f.e.  240  feet  a  minute.  The  delivery  would,  therefore,  be  a 
cubic  foot  a  minute,  if  the  aperture  were  only  the  ■240th  part  of 
a  square  foot,  or  three-fifths  of  a  square  inch'  Thi'i  opening 
corresponds  to  a  circle  whose  diameter  is  -874  parts  of  an  inch. 
Thus  we  have  a  standard  measure  for  ascertaining  readily 
the  quantity  of  water  delivered  in  a  minute,  &c.  by  any  pipe 
or  conduit.  Let  A  B,  in  the  annexed  figure,  be  a  cylinder  of 
tin  4  feet  long  and 
I  foot  diameter, 
fitted  with  a  tloat 
C,  bearing  a  slen- 
der dividing  rod, 
which  passes  thro' 
a  hole  in  the  tra- 
verse barE  stretch 
ed  across  the  sum- 
mit of  the  cylin- 
der. This  rod  is 
marked  1,  2,  3,  4, 
at  the  distances  of 
3,  12,  27,  and  48 
inches,  being  the 
fourth  parts  of  the 
squares  of  the  first 
numbers  in  feet. 
The  divisions  may 
likewise  be  quar- 
tered, by  begin- 
ning with  the  16th 
part  of  3,  12,  27,  _ 
and  48  inches,  and 
continuing  thepro- 
cess  by  multiply- 
ing the  squares  of  .5,  ,  &c.  as  far  as  16  by  3,  and  dividing  the 
products  again  by  16.  The  cylinder  having  a  circular  hole 
with  a  fine  edge  cut  in  the  bottom,  and  poised  at  some  dis- 
tance from  the  ground  to  receive  the  current  F,  the  water 
mounts  gradually  in  the  vessel  till  it  has  gained  an  altitude 
sufficient  to  cause  a  discharge  equal  to  the  whole  influx.  The 
rod  then  indicates  the  number  of  cubic  feet  received  every 
minute. 

But  the  application  of  this  measurer  may  be  extended,  by 
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adapting  to  it  a  series  of  apertures  which  screw  into  the  bot- 
tom of  tile  cylinder.  Let  them  hive  successively  these  diame- 
ters in  inches,  -437 — "874 — 1'748 — and  349(i.  'I'he  rod  would 
then  be  S(iuare,  and  marked  on  all  its  four  sides  ;  the  divisions 
on  the  first  side  corresponding  to  a  discharge  of  J,  J,  f,  and 
one  luhic  feet ;  those  on  the  next  to  1,2,3,4;  those  on  the 
third  side  to  4,  8,  12,  and  16  ;  and  those  on  the  fourth  side 
intimating  a  flow  of  10.  32,  48,  and  CI  cubic  feet  everv  minute. 
From  these  data,  it  is  easy  to  coustruct  other  moduli  suited  to 
particular  limits.  The  correction  required  in  the  size  of  the 
apertures,  to  accommodate  theory  with  practice,  will  be  after- 
wards explained. 

A  cistern  from  which  the  water  trickled  through  a  small 
perforation  at  the  bottom,  was  employed  by  the  ancients, 
under  the  name  of  a  clepsydra  or  uater-cloch,  to  measure  time. 
In  a  cylinder  the  How  would  evidently  diminish,  as  the  level  of 
the  surface  was  incessantly  lowered-  To  procure  an  uniform 
descent  of  the  water,  it  woidd  be  necessary  to  adopt  the  figure 
of  a  conoid  of  the  parabolic  kind,  each  circular  section  of 
which  is  proportional  to  the  square  root  of  the  corresponding 
altitude.  Suppose  this  were  24  feet,  and  the  diameter  at  the 
top  13'28  feet,  the  diameters  of  the  successive  sections  being 
always  six  times  the  fourth  root  of  the  altitude.  The  velocity 
of  elllux  would  then  be  8  V  -■*  ^=  39  192  feet  each  second.  If 
t!ie  water  sank  at  the  rate  of  a  foot  every  hour,  the  width  of 
the  orifice  would  be  to  the  extreme  diameter,  or  13"28,  as  1  to 
60  V  39-192.  This  giics  an  aperture  of  •424  parts  of  an  inch. 
A  conoid  of  such  dimensions  would,  therefore,  answer  correctly 
as  a  clepsydra,  the  equable  subsidence  of  a  lloat  marking  the 
series  of  twenty-four  hours  in  a  natural  day.  This  float  being 
fastened  to  a  thread  wound  about  acvlindrical  barrel,  of  a  foot 
in  circumference,  would  carry  the  index  of  a  dial  regularly 
round. 

To  siiew  the  velocity  with  which  water  spouts  out  at  a  hole  in 
the  side  of  a  vessel,  and  the  horizontal  distance  to  which  it  is  thrown. 
— The  horizontal  distance  to  nhich  a  fluid  will  spout  from  a 
horizontal  pipe  in  any  part  of  the  side  of  an  upright  vessel 
below  the  surface  of  the  fluid,  is  equal  to  twice  the  length  of  a 
perpendicular  to  '.he  side  of  the  vessel  drawn  from  the  mouth 
of  the  pipe  to  a  semicircle  described  upon  the  altitude  of  the 
fluid  :  and,  therefore,  the  spout  will  be  to  the  greatest  distance 
possible  from  a  pipe  whose  mouth  is  at  the  centre  of  the  semi- 
circle ;  because  a  perpendicular  to  its  diameter  (supposed 
parallel  to  the  side  of  the  vessel)  drawn  from  that  point,  is  th» 
longest  that  can  possibly  be  drawn  from  any  part  of  the  diame- 
ter to  the  circumference  of  the  semicircle. 

It  is  observed,  that  in  every  length  of  pipe,  answering  to 
50  times  its  diameter,  there  is  a  waste  of  power  equal  to  that 
which  prcduees  the  general  impulsion.  With  a  very  gentle 
slope,  a  pipe  of  r582  feet  diameter,  will  give  the  flow  of  a 
single  foot  each  second,  and  a  pipe  of  one  foot  wide  will  dis- 
charge only  1'243  cubic  feet  of  water  in  the  same  time. 

Let  two  pipes,  as  C  and  g,  of  equal  sized  bores,  be  fixed 
into  the  side  of  the  vessel  A  B,  as   in  the   following  figure, 


the  pipe*/  being  four  times  as  deep  below  the  surface  of  the 
water  at  b  in  the  vessel,  as  the  pipe  C  ;  and  whilst  these  pif'C* 
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run,  let  water  he  constantly  poured  into  tlie  vessel,  to  keep  the 
surface  still  at  tlie  same  lieii;!)!.  Then,  if  a  cup  tlnit  hnhls  a 
pint  be  so  placed  as  to  receive  the  water  that  spouts  from  the 
pipe  C,  and  at  llie  same  moment  a  cup  that  holds  a  quart  he  so 
placed  as  to  receive  the  water  that  spouts  from  the  pipe  y, 
both  cups  will  he  lilkd  at  the  same  time  by  their  respective 
pipes. 

To  illusfralc  the  second  division  of  this  proposition,  namely, 
that  the  fluid  will  spout  to  the  {rrcatcst  distance  pussihie 
from  a  pipe  whose  mouth  is  at  the  centre  of  the  semicircle, 
we  have  otily  to  suppose  the  vessel  A  IJ  (see  the  preceding 
figure)  to  he  full  of  water,  and  the  horizontal  pipe  D  to  he 
in  the  middle  of  its  side,  and  the  semir^ircle  Nerfci  de- 
scrihed  upon  D  as  a  centre,  with  the  radius  or  seniidia- 
meter  D  N,  or  1>  h,  the  perpendicular  D  d  to  the  diameter 
N  D  i  is  the  lon<rest  that  can  he  drawn  from  any  part  of  the 
diameter  to  the  circumference  N  e  d  c  ti.  And  if  the  vessel  he 
kept  full,  the  jet  G  will  spout  from  the  pipe  I),  to  the  horizuntal 
distance  N  M,  whiuh  is  double  the  lenj;'.h  of  the  perpendic^ular 
D  rf.  If  tuo  other  pipes,  as  C  and  E,  he  fixed  into  the  side  of 
the  vessel  ;it  ef|ual  distances  above  and  below  the  pipe  1),  the 
perpendiculars,  Cc  and  Ec,  from  these  pipes  to  the  senn"(ircle, 
will  he  equal;  and  the  jets  F  and  H  spouting  from  thcni  will 
each  gn  to  the  horizontal  distance  N  K  ;  which  is  <louhlc  the 
length  of  ei;lier  of  the  equal  perpendiculars  Cc  or  E  e. 

It  is  very  obvious,  that  when  an  aperture  is  made  in  the  side 
of  a  vessel  holding  any  fluid,  the  equilibrium  of  hydrostatic 
pressure  is  destroved,  and  this  force,  which  was  exerted 
equally  all  round  the  inner  surface,  now  ceases  to  act  at  the 
opening,  or  rather  it  expends  its  action  there,  in  projcciing  the 
uncovered  portion  of  the  lluid.  The  reaction,  or  incessant 
recoil  suetaiind  by  the  general  mass,  will  hence  be  the  same 
as  the  external  pressure  of  the  column  of  the  tliiid  of  i-qual  alti- 
tude directed  against  the  section  of  the  orifice.  If  the  vessel 
ave  therefore  a  cylindrical  form,  and  turn  fieely  about  a  ver- 
tical axis,  while  it  carries  under  it  two  horizontal  branches, 
extending  both  ways,  each  of  them  perforated  near  the  end  at 
right  angles  to  their  plane  with  the  axis,  but  in  opposite  sides  ; 
the  machine  will  he  driven  backwards  by  the  spouting  fluid, 
and  forced  to  revolve  as  long  as  the  action  subsists.  The  force 
thus  exerted  is  equal  to  the  \veif;ht  of  a  column  of  the  fluid 
having  the  general  altitude,  with  tne  iwo  apertures  for  its  base. 
But  the  eflfeet  becomes  augmented  in  this  case  by  the  length  of 
the  arms  or  levers  to  which  the  power  is  applied.  This  prin- 
ciple has  been  long  successfully  adopted  in  the  construction  of 
n  very  simple  hut  cflieient  water-mill,  commonly  designated 
Barker's  mill.  It  is  capable,  however,  of  various  other  useful 
and  important  applications,  which  remain  still  to  be  carried 
into  execution. 

The  transition  from  these  principles  to  those  on  whiih  some 
maritime  phenomena  depend,  is  at  this  place  both  natural  and 
easy.  We  shall,  therefore,  in  the  next  branch  of  this  article 
proceed  to  illustrate  the  mechanical  principle  of  Whirlpimls. — 
Thus,  if  a  cylindrical  glass  vessel,  as  in  the  figure,  partly  tilled 
with  wiiter,  be  put  on  a  whirlijig  p^ 

table,  the  central  depression  of  the 
liquid  will  increase  as  the  circum- 
volution is  accelerated,  while  its 
,«ides  will  rise  up.  It  will  then 
divide  at  the  bottom,  and  spread 
more  upwards,  forming  always  a 
parabolic  conoid,  but  with  a  di- 
minishing parameter.  If  a  thin 
ring  were  applied  round  the  top 
of  the  cylinder,  the  water  in  its 
extreme  celerity  would  cover  the 

inside  of  the  cylinder  with  a  stratum  of  almost  equal  thickness 
Suppose  a  cylinder  A  15,  C  inches  wide  and  IG  inches  high,  filled 
with  water  to  the  altitude  of  four  inches  :  When  the  circumvolu- 
tion is  performed  in  G8",  the  water  is  depressed  an  inch,  the 
central  part  standing  at  SJ  and  the  sides  at  'i\  :  hut  when  the 
cylinder  circulates  in  24".  the  cavity  sinks  eight  inches  in  the 
bottom,  and  rises  at  the  sides  to  the  bright  of  8  inches.  If  the 
revolution  were  achieved  in -16",  the  water  would  rise  to  the 
lips,  leaving  a  dry  circle  at  the  bottom  of  the   vessel  of  2It> 


inches  in  diameter.  Hence,  as  we  have  said,  the  origin  of  dim- 
ples on  the  surface  of  small  streams,  and  of  whirlpools  in 
mighty  rivers  and  narrow  seas.  The  elTert  is  produced  by  the 
lateral  attrition  of  adierse  currents,  which  extending  their 
innucnce  from  the  neutral  point  or  centre  of  equal  and  opposite 
action,  gradually  convert  their  parallel  motions  into  a  com- 
bined  system  of  circumvolution.  Suppose  each  current  had 
a  velocity  of  9  miles  an  hour,  or  1.1-2  feet  each  second, 
and  the  radius  of  the  whirlpool  to  he  100  feet :  the  time  of  cir- 
ciilalion  would  then  be  47-()",  and  the  depression  in  the  centre 
of  the  gulf  only  2-72  feet,  the  parameter  of  the  parabola 
being  3G72  feet 

When  water  issues  through  a  simple  circular  aperture  in  a 
thin  plate,  it  forms  a  contracted  vein  of  a  conical  or  rather 
tapering  funnel  shape,  its  section  being  reduced  to  very  near 
five-eighth  parts  at  a  distance  little  more  than  half  its  diame- 
ter. If  a  tube  of  this  figure  he  annexed,  the  quantity  of  dis- 
charge will  come  within  the  thirtieth  part  of  the  result  of  theory, 
as  computed  for  the  exterior  aperture.  But  the  adjutage 
being  directed  upwards,  the  jet  will  rise  to  fourteen-fifteenth 
parts  of  the  whole  height  of  the  incumbent  column. 

If  to  this  tapered  spout  another  conical  tube  five  times 
longer,  anil  opening  to  the  original  width,  be  joined,  the  dis- 
charge of  water  will  be  augmented  from  21  to  ,?8  parts.  The 
effect  of  the  adjutage  is  now  ihe  greatest  possible,  the  absolute 
How  from  the  interior  aperture  being  only  40  parts,  according  to 
theory.  This  pipe  widens  at  an  angle  of  about  tlirce  degrees  ; 
but  when  the  annexed  piece  diverges  at  a  greater  angle,  its 
inlliience  becomes  diminished,  and  appears  to  cease  altogether 
at  an  angle  of  sixteen  degrees.  The  stream  has  now  ceased  fo 
fill  up  the  whole  of  the  cavity,  and  is  consequently  no  longer 
augmented  by  adhesion  to  the  sides  of  the  spout. 

The  lateral  action  of  water  flowing  ihroush  a  pipe  is  evinced 
in  a  more  striking  manner.  Let  a  cylinder  one  inch  wide  and 
three  inches  long  he  adapted  to  an  orifice  at  the  bottom  of  a 
cistern  ;  and  on  the  upper  side,  at  the  distance  of  half  an  inch 
from  its  origin,  let  a  narrow  arched  glass  tube  be  inserted  and 
carried  down  to  a  bason  of  water  three  feet  lower.  When  the 
stream  is  projected  with  a  velocilv  of  nine  feel  in  a  second,  it 
will  draw  up  water  to  the  height  of  two  feet:  but  if  the  tube 
be  shortened  within  that  limit,  the  slemler  eohiinn  will  mix 
with  the  bodv  of  the  current,  and  soon  drain  the  contents  of 
the  bason.  When  a  conical  tube,  opening  with  a  considerable 
angle  of  divergence,  is  substituted,  a  series  of  slender  glass 
tubes  in.>;prted  at  different  distances  from  the  interior  aperture 
will  he  found  to  raise  the  water  to  several  heights,  which 
diminish  as  the  stream  begins  to  separate  from  the  sides  of 
the  spout. 

This  property  of  running  wafer  may,  in  various  situation.<!, 
be  turned  to  useful  account.  By  connecting  the  edge  of  the 
stream,  for  instance,  by  means  of  a  small  slanting  pipe,  with  a 
collection  of  water  at  a  lower  level,  this  will  be  grailually  drawn 
up  and  carried  awav  in  the  general  current.  If  a  swift  de- 
scending rivulet  be  niarle  to  shoot  across  any  small  pool,  it  will 
sweep  the  water  over  its  opposite  bank.  Vcntiiri.  to  whom  we 
are  chiefly  indebted  for  these  remarks,  availed  himself  of  the 
rapidity  and  lateral  drauibt  of  a  mill-race,  to  drain  a  marsh 
situate  considerably  below  it.  near  the  city  of  Modena. 

The  same  principle  is  likewise  the  principal  cause  of  the 
action  of  the  Hungarian  blowing  machine,  whirh  consists  of  a 
very  tall  perpendicular  pipe,  terminating  below  in  a  close  wide 
box.  .\  stream  of  water  rushes  down  this  shaft,  drawing  along 
with  it  the  air  which  enters  the  small  holes  pierced  along  the 
sides,  and  becomes  accumulated  and  condensed  in  the  chamber, 
whence  it  again  issues  in  a  powerful  blast  on  opening  a  cock. 
The  bliiwiiig  and  dispersion  of  the  spray  on  all  sides  from 
water  falls  have  a  like  origin.  A  body  of  air  is  involved  in  the 
broken  descending  current :  collected  in  the- recess  or  broken 
cavity,  it  exerts  its  elastic  efforts  in  every  direction.  The 
adhesion  of  running  w  ater  to  the  sides  of  its  channel  is  also 
the  main  cause  of  those  eddies  which  impede  the  general 
motion. 

If  a  fluid  suffers  impediment  while  escaping  at  a  small  aper- 
ture, it  encounters  much  greater  ohstniction  in  ellccting  its 
passage  through  a  train  of  pipes,  or  flowing  over  an  extended 


492 


H  Y  D 


DICTIONARY    OF    MECHANICAL   SCIENCE. 


H  Y   D 


channel.  Tliis  retardation,  however,  is  quite  distinct  in  its 
nature  from  ordinary  friction.  Wlitii  a  solid  is  drawn  along 
the  surface  of  another  solid  body,  it  is  virtually  made  to  ascend 
over  a  series  of  inclined  planes,  and  consequently  the  impedi- 
ment it  meets  with  may  be  viewed  as  merely  equal  to  a  cer- 
tain portion  of  its  weight,  independent  of  the  rapidity  or 
slowness  of  the  motion,  but  a  fluid,  in  its  passage  over  a 
icsislins  surface,  needs  not  have  its  whole  mass  either  elevated 
or  depressed.  Those  particles  only  which  come  in  succession 
to  touch  the  solid  boundary,  arc  impeded  and  detained.  The 
pressure  of  the  incumbent  fluid  cannot  affect  the  other  parti- 
cles, «hich  are  then  ur^ed  equally  in  every  direction.  The 
loss  of  impulse  which  a  current  sustains  from  the  attrition  of 
the  sides  of  a  pipe  or  of  a  canal,  is  occasioned  by  the  incessant 
stoppage  of  the  extreme  particles.  This  consumption  of  force 
must  hence  be  compounded  of  the  nuniber  of  particles  arrested 
in  a  given  time,  and  of  their  velocity,  and  is  therefore  propor- 
tional to  the  square  of  their  velocity.  But  the  retardation  of 
the  current  must  likewise  depend  on  the  extent  of  impeding 
influence,  that  is,  on  the  length  of  the  pipe,  and  on  the  relation 
which  the  interior  surface  bears  to  its  whole  capacity.  But 
the  square  of  the  velocity,  with  which  the  stream  first  issues 
from  the  cistern,  being  proportional  to  the  altitude  of  the  in- 
cumbent column,  a  certain  part  only  of  this  constant  inciting 
force  is  employed  in  generating  the  initial  velocity,  while  the 
rest  is  expended  in  renewing  the  velocity  as  fast  as  it  expires, 
alongthe  sides  of  the  channel,  or  in  maintaining  through  the  mass 
a  general  uniform  flow. 

It  has  been  ascertained  by  experiment,  that  water  has  its 
celerity  diminished  eight  times  by  passing  through  a  tube  of 
an  inch  in  diameter,  and  204  feet  long.  Of  sixt\-foiir  parts  of 
compression,  one  part  only  had  therefore  created  the  motion  of 
the  fluid,  while  sixty-three  parts  are  required  to  sujjport  it. 
This  motion  is  hence  renewed  eight  times  during  the  passage 
of  the  water,  or  at  the  interval  of  25^  feet  throush  the  whole 
extent.  In  each  of  these  successive  transits,  all  the  central 
particles  must  be  thrown  towards  the  sides  of  the  pipe,  «  hence 
they  are  again  drawn  into  the  body  of  the  stream,  and  there 
acquire  new  celerity.  The  celerity  is  lost  and  regained  close 
to  the  interior  surface,  within  a  very  small  but  limited  space. 
Wherefore,  from  the  fundamental  principle  of  dynamics,  the 
square  of  the  velocity  acquired  or  extinguished  must  be  as  the 
product  of  the  inciting  force  into  the  limit  of  its  action.  The 
square  of  the  velocity  hence  suffers  a  diminution  proportioned 
to  the  extent  of  surface  compared  with  the  ciipacity  of  tlie  pipe, 
or  it  is  directly  as  the  length,  and  inversely  as  the  diameter. 
But  the  pressure  of  the  water  has  no  ellect  whatever  in  causing 
this  reduction.  Thus,  resuming  the  same  example,  let  the  pipe 
of  an  inch  wide  and  204  feet  long  be  fed  by  a  cistern  of  ten 
inches  altitude,  and  the  quantity  of  discharge  noted.  Raise 
this  cistern  now  to  twenty  inches,  and  turn  up,  by  a  soft  bend, 
the  farther  extremity  to  the  height  often  inches,  and  the  eoi- 
responding  flow  will  be  still  the  same.  Increase  the  altitude 
of  the  cistern  to  one  hundred  inches,  while  the  remote  end  is 
bent  with  an  elbow  to  the  height  of  ninety  inches,  leaving  still 
the  same  excess  or  excitingforce,  and  theqiiantity  of  discharge 
will  be  found  not  to  vary. 

Fluids  by  their  pressure  may  be  conveyed  over  hills  and 
valleys  in  bended  pipes,  to  any  height  not  greater  than  the 
level  of  the  springs  whence  they  flow.  Of  this  fact,  the 
ancients  were  altogether  ignorant.  The  expedient  ol aquerhict.i, 
(vast  rows  of  arches,  one  above  another  between  two  hills,) 
was  therefore  resorted  to  at  an  enormous  expense,  both  of 
money  and  labour,  in  order  to  convey  water  across  the  valley 
beneath. — But  we  have  already,  under  the  word  Ai/ueelmt,  said 
so  much  on  the  conduit  of  water,  that  we  shall  here  confine 
ourselves  chiefly  to  the  modern  method  of  laying  down  service 
pipes  for  the  supply  of  water  to  cities. 

The  pressure  of  fluids  affords  the  means  of  conveying  them 
from  one  place  to  another,  although  considerable  inequalities 
in  the  surface  of  the  ground  intervene  between  the  places. 
Water,  for  example,  may  be  conveyed  from  a  reservoir  across 
a  valley,  or  to  any  distance,  either  by  means  of  open  canals, 
aqueducts,  or  closed  pipes,  provided  the  reservoir  be  situated 
somewhat  higher  than  the  level  of  the  place  at  which  it  is 
wanted. 


Thus,  suppose  there  is  a  spring  at  A,  on  one  side  of  the 
valley  D,  as  iir  the  annexed  figure,  and  a  house  on  the  other, 

at  which  the  water  of  the 
spring  is  wanted  ;  if  the 
house  is  found  to  be  lower 
than  the  spring,  tlie  water 
may  be  conveyed  to  it  by 
an  iron  or  leaden  pipe, 
proceeding  from  the  spring 
across  the  valley,  as  in  the 
figure. 

The  depth  of  the  valley  must;  however,  be  taken  into  consi- 
deration, in  order  to  make  the  pipe  of  suHicient  strength  to 
resist  the  pressure  of  the  water,  which  depends  entirely  on  its 
depth.  If  the  lowest  part  of  the  valley  be  considerably  under 
the  spring,  the  pipe  must  be  made  very  strong  at  the  lowest 
part,  or  else  it  «ill  burst. 

When  an  uninterrupted  declivity  cannot  be  obtained,  it  is 
necessary  to  employ  pipes,  which  may  be  bent  upwards  or 
downwards  at  pleasure,  provided  that  no  part  of  them  be  more 
than  thirty-two  feet  above  the  reservoir,  and  when  the  pipe  is 
once  filled,  the  water  will  continue  to  flow  fr-om  the  lower 
orifice  ;  hut  it  is  best  in  all  such  cases  to  avoid  unnecessary 
angles;  for  when  the  pipe  rises  and  falls  again,  a  portion  of  the 
air,  which  is  always  contained  in  water,  is  frequently  collected 
in  the  angle,  and  very  materially  impedes  the  progress  of  the 
water  through  the  pipe.  When  the  bent  part  is  wholly  below 
the  orifices  of  the  pipe,  this  air  may  be  discharged  by  various 
methods.  The  ancients  used  small  upright  pipes,  called  colum- 
narin,  rising  from  the  convexity  of  the  principal  pipe  to  the 
level  of  the  reservoir,  and  suffering  the  air  to  escape  without 
wasting  any  of  the  water.  It  may,  however,  frequently  be 
inconvenient  or  impossible  to  apply  a  pipe  of  this  kind  ;  but 
the  same  purpose  may  be  answered,  by  fixing  on  the  pipe  a  box 
containing  a  small  valve,  which  opens  downwards,  and  is  sup- 
ported by  a  float,  so  as  to  remain  shut  while  the  box  is  full  of 
water,  and  to  fall  open  when  any  air  is  collected  in  it.  Thus 
A,  in  the  following  figure,  is  a  box  of  this  kind,  with  a  valve, 
supported  by  a  hollow  ball,  for  letting  out  air  from  pipes,  when 
it  is  below  the  level  of  the  reservoir. 

If  the  pipe  were  formed  into  a  syphon,  having  its  flexure 
above  both  orifices,  it  would  be  necessary  to  bend  it  upwards 
at  the  extremities,  in  order  to  keep  it  always  full  ;  but  in  this 
case  the  accumulation  of  the  air  would  be  extremely  inconve- 
nient, since  it  would  collect  so  mudi  the  more  copiously,  as  the 
water  in  the  upper  part  of  the  pipe  would  be  more  free  from 

pressure;  and  neither  of 
the  methods  which  have 
been  mentioned  w  ould  be 
of  any  use  in  extricating 
it.  It  has  been  usual  in 
such  cases  to  force  a 
quantity  of  water  violent- 
ly through  the  pipe,  in 
order  to  carry  the  air  with 
it ;  but  it  might  be  still  simpler  to  have  a  pretty  large  vessel  of 
water  screwed  on  to  the  pipe,  which  would  not  be  filled  with 
air  for  a  considerable  time,  and  which,  when  full,  might  be 
taken  olf  and  replenished  wrth  water.  This  contrivance  is 
represented    by   tlie    figure,    where    B   is    a  vessel  of  water, 

screwed  on  for  receiving 
-Q  /  \  the  air,  to  be  replenished 

w ith  water  as  it  becomes 
empty. 

\\'hen  the  water  from 
a  resei  voir  is  conveyed 
in  long  horizontal  pipes 
of  the  same  aperture, 
the  discharges  made  in 
equal  times  are  nearly  in 
the  inverse  ratio  of  the  square  roots  of  the  lengths. 

Thus,  if  there  be  two  pipes  of  the  same  aperture,  one  of 
which  is  40  and  the  other  'AG  feet  long,  the  discharge  from  the 
former  will  be  to  that  from  the  latter,  as  the  square  root  of  49 
to  the  S(|uare  root  of  3(3,  or  as  7  to  (• ;  therefore,  the  quantity 
discharged  from  the  shorter  pipe  will   be  ^  of  that  discharged 
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from  the  longer  one.  It  is  here  supposed,  that  the  pipes  to 
which  this  rule  is  applied,  are  not  very  unequal  in  lenglli ;  and 
even  then  the  rule  only  all'ords  an  approximation  not  dcdueed 
from  principle,  but  derived  immediately  from  experimeul. 
Bossut  has  given  a  table  of  the  actual  discharges  of  water 
pipes,  as  far  as  the  length  of  'i;?  JO  toises,  or  14950  English  feel, 
but  it  is  too  extensive  to  be  inserted  here. 

If  the  quantity  of  water  discharged  by  a  pipe  of  a  given 
length,  be  known  by  experiment,  we  may  find,  by  the  foregoing 
proposition,  the  quantity  discharged  by  a  pipe  of  any  other 
length.  The  diminution  of  velocity  being  greatest  when  the 
head  of  water  is  small,  we  may  conceive  the  head  of  water  to 
be  reduced  to  such  a  degree,  that  the  velocity  with  which  the 
water  enters  the  pipe  is  not  swllieiently  powerful  to  overcome 
the  resistance  arising  from  the  fiictionupon  the  pipe,  and  the 
mutual  cohesion  of  the  partielis  of  water.  In  order  to  examine 
this  point  experimentally,  M.  Bossut  employed  a  head  of  water 
only  10  lines,  fioiu  which  the  water  flowed  into  two  pipes, 
whose  length  were  a  hundred  and  eighty  feet.  In  this  ease, 
the  water  was  discharged  in  the  form  of  a  narrow  fillet,  and  the 
drops  succeeded  each  other  almost  as  if  they  were  iiisulatid 
bodies.  Hence  it  follows,  that  in  order  to  have  a  perceptible 
and  continuous  discharge  from  pipes,  there  should  be  a  he:id 
of  water  of  about  20  lines  in  ISO  feet.  If  the  current  of  water, 
however,  be  very  large,  such  a  great  (icclivity  as  this  will  not 
be  necessary. 

Pipes  are  usually  made  of  wood,  of  lead,  or  of  cast  iron  :  but 
commonly  of  lead  ;  and  of  lato  tinned  copper  has  been  em- 
ployed with  considerable  advantage.  A  pipe  of  lead  will  bear 
the  pressure  of  a  column  of  water  100  feet  high,  if  its  thickness 
he  one-hundredth  of  its  diiimelcr,  or  eveir  less  than  tiiis  ;  but 
when  any  alternation  of  motion  is  produced,  a  much  sironger 
pipe  is  required  ;  and  it  is  usual  to  make  leaden  pipes  of  all 
kinds  far  thicker  than  in  the  above  proportion. 

We  have  already  illiislrated  the  velocity  and  discharge  of 
water  through  pipes  and  conduits,  and  noticed  the  retardation 
to  which  the  fluid  is  exposed.  Now,  if  we  conceive  a  rectan- 
gular channel  to  have  a  section  equal  to  the  circle  of  the  pipe, 
while  its  bottom  and  sides  are  equal  to  the  circunifirenee,  the 
retardation  of  the  current  would  be  exactly  the  same.  Hence, 
the  fourth  part  of  the  diameter  will  he  equal  to  the  quotient 
of  the  section,  by  the  compound  measure  of  its  bottom  and 
sides,  which  is  called  the  mean  hydraulic  depth  ;  and  hence 
much  less  obstruction  is  encountered  along  an  open  course, 
than  within  a  close  pipe,  or  about  three  times  the  square  root 
of  the  depth. 

The  motion  of  a  fluid  is  further  obstructed  by  any  violent 
change  of  celerity  or  direction;  whether  the  channel  be  con- 
tracted or  enlarged,  the  change  is  unavoidably  attended  by  a 
proportional  loss  of  impulsion.  Any  sharp  llexure  of  the  pipe 
3r  conduit  will  occasion  a  still  greater  waste  of  the  iueiling 
force.  The  diminution  of  the  square  of  the  velocity  is  ex- 
pressed by  the  product  of  that  square  into  the  square  of  the 
sine  of  the  angle  of  deflexion,  divided  by  the  constant  number 
270.  With  a  deflexion  of  ."JO  degrees,  the  velocity  would  there- 
fore lose  only  the  21G0th  part;  but  if  the  tube  branched  oh' at 
right  angles,  the  retardation  would  amount  to  (he  040th  part. 
Every  contraction  or  enlargement  of  the  pipes  re(|uiring  a 
corresponding  change  in  the  celerity  of  the  water,  must  like- 
wise create  an  expense  of  force,  though  this  ellcct  could 
scarcely  be  reduced  to  calculation. 

Water  is  subject  in  its  motion  through  pipes  (o  another 
impediment,  owing  to  the  air  which  constantly  separates  from 
it  and  collects  in  all  the  upper  sinuosities  of  the  train,  as  already 
noticed.  This  accuiiuiiation  is  most  copious  whenever  the 
supply  of  water  hap|)ens  to  be  insunicieiit  to  fill  the  whole 
extent  of  cavity.  To  remedy  the  defect,  boxes  of  cast  iron  are 
fixed  above  the  principal  incurvations  of  the  pipe,  to  reei  ive 
the  compressed  air,  as  represented  in  the  last  figure,  and  by  the 
operation  of  a  valve  or  of  a  cock,  gradually  to  discharge  it, 
without  allowing  any  of  the  water  to  escape.  Of  such  air- 
vessels,  with  a  cylindrical  form,  four  feet  high  and  eighteen 
inches  wide,  fourteen  have  been  made,  for  the  pipes  which 
supply  the  city  of  KdiiiburKh  with  water.  These  being  serened 
at  the  sniniiiit  of  each  dcLlivity,  are  opened,  every  two  or  three 
days,  by  the  surve}or  of  the  works. 

r)\. 


The  present  supply  of  Edinburgh,  says  Leslie,  is  brought  by 
two  trains  of  cast  iron  pipes;  one  from  Ureen  Craig  to  the 
Castle  Hill,  2ti,930  feet  long,  and  7  inches  in  diameter,  under  a 
head  pressure  of  404  feet;  the  other  from  Comistou  to  Hcriot's 
reservoir,  13,o20  feet  long,  and  6  in<'hes  wide,  under  a  load  of 
88  feet.  The  former,  when  fully  charged,  is  found  to  deliver 
46,  and  the  latter  only  10  cubic  feet,  every  minute,  making 
together  60  feet,  which  furnishes  a  supply  of  80,640  cubic  feet 
in  the  space  of  twenty-four  hours.  This  amounts  to  scarcely 
three-fifth  parts  of  the  quantity  assigned  by  the  formula.  The 
deficiency  must  be  attributed  wholly  to  the  imperfect  execution 
of  those  pipes,  their  uneven  interior  surface,  and  their  frc<|uent 
abrupt  and  sudden  bendings. 

The  waterworks  now  designed  for  the  complete  supply  of 
Bdinburgh,  are  conducted  iu  a  mush  finer  si}  le,  and  at  vast 
expense.  The  several  pieces  of  pipe  are  nicely  fitted  together 
by  spigot  and  faucet,  all  the  accidental  prominences  over  the 
inside  being  carefully  removed  by  chiseling.  The  pipes  exhibit 
no  visible  incurvation,  and  they  generally  are  laid  with  a  gentle 
uniform  slope,  the  ground  on  which  they  rest  being  lowered  in 
some  places  and  raised  in  others.  From  the  Crawley  Spring 
to  Straiton  March  Fence,  the  distance  is  18,300  feet, with  a  fall 
of  65  feet;  and.  in  this  line,  the  pipes  vary  from  20  to  18  inches, 
ill  diameter.  The  next  train  has  a  diameter  of  only  15  inches, 
but  runs,  with  a  fall  of  286  feet,  through  an  extent  of 
27,900  feet,  being  conducted  by  a  tunnel  of  360  fathoms  length 
through  Hcriot's  Kidge,  and  by  another  of  290  fathoms  through 
Ihe  Castle  Hill,  till  it  reaches  the  level  of  Frincc's-street.  This 
elaborate  system  of  pipes  delivers  nearly  the  measure  of  water 
indicated  by  the  formula. 

It  has  been  computed,  that  the  qnantity  of  rain  which  falls 
annually  over  any  city,  if  carefully  collected  and  deposited  to 
purify  in  cisterns,  would  be  sufficient  for  the  supply  of  the 
inhabitants,  at  least  in  all  the  essential  domestic  and  culinary 
purposes.  Venice  has  abundance  of  fine  soft  water  procured 
in  this  way;  and  the  store  seldom  fails,  except  in  dry  seasons, 
when  it  is  recruited  from  the  river  IJrenta.  The  roof  of  a  lofty 
house  in  Paris,  containing  at  an  average  25  lodgers,  might 
deliver  annually  1800  cubic  feet  of  rain  water,  which  would 
furnish  each  individual  daily  the  fifth  pari  of  a  cubic  foot,  or 
about  thirteen  pounds  avoirdupois, — rather  a  scanlity  provi- 
sion, to  be  sure,  according  to  our  modern  ideas  of  comfort;  yet 
Prony  reckons  ten  litres,  or  the  thousandth  part  of  his  modulus, 
as  a  sullicient  supply,  amounting  only  to  about  twenty-two 
pounds.     See  the  word  Aqukduct  pp.  51—53. 

Since,  from  a  pipe  of  the  same  diameter,  the  discharge 
in  every  ease  depends  on  the  relation  of  the  altitude  of  the 
source  to  the  length  of  track,  a  lower  elevation  maj  frequently 
be  preferred  in  cot)juuction  with  a  shorter  train.  The  dimin- 
ished obstruction,  in  such  instances,  compensates  for  the  infe- 
rior pressure.  From  any  point  of  an  inclined  plane,  the  pipe 
would  convey  exactly  an  equal  body  of  water.  In  the  same 
train,  the  quantity  of  discharge  being  as  rf^,  must  increase  in  a 
faster  ratio  than  the  mere  section  of  the  pipe.  Hence  the 
manifest  advantage  of  employing  large  pipes.  For  llic  same 
reason,  aqueducts  or  open  conduits  are  in  many  situations  to 
be  preferred.  When  these  convey  large  streams  of  water,  the 
attrition  of  the  sides  and  bottom  is  comparatively  small,  and 
they  require  very  little  descent.  Such  durable  structures  are 
common  in  the  south  of  Europe,  and  often  display  much  archi- 
tectural symmetry  in  their  extended  and  imposing  ranges  of 
arcades. 

Circular  Basins  atid  Conduit  Pipes. — These  basins  and  pipes 
bear  a  lateral  pressure  proportioned  to  the  altitude  of  the 
column  ;  but  in  conscipjcnce  of  the  curvature,  this  pressure  will 
occasion  likewise  a  longitudinal  strain  or  distention.  And  Ihe 
lateral  pressure  of  the  water  against  each  ring  of  the  cjliiider, 
as  in  the  annexed  figure,  H  A  C,  produces  the 
same  effect  as  a  longitudinal  force  applied  to 
it  equal  to  the  weight  of  a  prism  resliug  on  a 
base  which  has  the  breadth  of  that  ring,  with 
the  radius  O  U  for  ils  thickness.  Hence, 
the  strength  of  the  cylinder  is  in  the  com- 
pound ratio  of  Ihe  altitude  of  the  water,  and 
of  ils  own  radius  or  diameter.  Similar  pipes 
will  therefore  bear  cqua!  pressures,  their  thickness  being  pro- 
t>  K 
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pdriioned  to  tlie  diameter.  For  example,  a  pipe  1  foot  diame- 
ler,  and  lialtan  inch  lliick,  will  resist  the  thrust  ol  the  same  alti- 
tude of  water  as  a  pipe  of  the  same  materials  2  feet  wide  and 
1  iuch  thick.  Lead,  however,  has  only  one-tenth  of  the  tenacity 
of  cast  iron,  and  therefore  a  pipe  of  that  soft  metal  h  ill,  in 
similar  circumstances,  require  to  Iiave  ten  times  greater  thick- 
ness in  proportion  to  its  diameter,  than  one  of  iron.  Such  is 
the  case  with  a  pipe  of  elm,  while  one  of  freestone  would  require 
to  have  its  thickness  doubled.  A  pipe  of  cast  iron,  15  inches 
diameter,  and  J  inch  thick,  will  hear  a  pressure  equal  to  GOO  feet 
in  altitude  ;  and  a  pipe  of  the  same  diameter,  but  1 J  inch  thick, 
will  bear  a  pressure  or  strain  of  1000  feet,  the  cohesion  of  cast 
iron  being  COOO,  or  in  its  f;reatcst  reduced  state  2()0U  lbs. 

A  very  proper  way  to  try  the  strength  of  such  cast  iron  pipes 
is,  by  means  of  a  larp;e  forcing  pump,  and  every  pipe  of  the 
above  dimensions  that  would  not  bear  the  pressure  of  a  column 
of  water  respectively  of  the  alliliides  of  400  and  800  feet, 
ought  to  be  rejected  as  betraying  Haws,  and  being  unsafe. 

A  pipe  of  lead  4J  diameter,  and  J.  of  an  incli  thick,  sustained 
only  the  thrust  of  172  feet  in  height  of  water;  a  pipe  of  oak 
15  inch  bore  diameter,  and  2  inches  thick,  will  sustain  a  column 
of  water  only  179  feet  high,  the  cohesion  of  oak  being  SSlOlbs. 
The  colirsion  of  Portland  stone  is  only  857  lbs.  and  therefore  a 
pipe  1  foot  diameter,  and  l.\  inch  thick  of  that  material,  will 
sustain  a  pressure  of  only  (>2  feet  ;  hence  the  failure  trom  frac- 
ture and  chipping,  of  those  handsome  stone  pipes  so  ingeni- 
ously cut  out  of  blocks  of  freestone  in  a  series  of  cores,  by  the 
application  of  a  circular  saw,  as  in 

this  figure,   where  O  B  represents    Ti iB. 

the  largest  or  first  cut,  O  C  the 
bore  of  the  second  cut,  and  O  D 
the  third  pipe  squared  out  of  the 
block  PORT.  __j_L. 

The  same  principles  regulate  the  I     I     I    "i      i     i     I   B 

strength  of  a  circular  basin  coiilin- 
ing  water.  The  perpendicular 
pressure  against  the  wall  depends 
indeed    merely  on  the    altitude  of 

the  fluid,  without  being  alfected  by      p  O 

the  volume;  but  the    longitudinal 

efl'ort  of  the  thrust,  or  its  tendency  to  open  the  joints  of  the 
masonry,  is  measured  by  the  radius  of  the  circle.  To  resist 
that  action,  in  very  wide  basins,  the  range  or  course  of  stones, 
along  the  inside  of  the  wall,  must  be  proportionally  thicker. 
On  the  other  hand,  if  any  opposing  surface  present  some  con- 
vexity to  the  pressure  of  water,  the  resulting  longitudinal 
strain  will  now  he  exerted  in  closing  the  joints,  and  consoli- 
dating the  building.  Such  reversed  incurvation  is  hence  gene- 
rally adopted  in  tiie  construction  of  dams,  the  bend  inwards  of 
the  arc  being  about  the  eightieth  part  of  the  length  of  its  chord, 
while  the  exterior  boundary  is  made  rectilineal. 

The  various  Hydraulic  Machines,  as  the  iSy/jAon,  Archimedes' 
Screw,  the  Ti/mpaniim,  the  Persian  Wlieel,  Clinin  and  Spiral 
Pumps,  the  Hunyarian  IMachine,  Fire  Enffine,  Ht/dravlic  tiam, 
the  Danaide,  Vc  are  all  described  in  various  parts  of  this  Dic- 
tionary under  their  respective  words. 

HYDROCELE,  in  Surgery,  any  hernia  arising  from  water, 
bBt  is  particularly  used  for  such  a  one  of  the  scrotum. 

HYDRODYNAJTICS,  treat  ofthe  powers,  forces,  and  veloci- 
ties, of  Hiiids  in  motion, 

HYDROGEN.  It  had  been  long  known  to  the  chemists,  that 
a  vapour  of  air  was  disengaged  during  the  solution  of  cer- 
tain metals  in  muriatic  or  dilute  sulphuric  acid,  that  it  burnt 
at  the  mouth  of  the  phial,  and  if  mixed  with  atmospheric  air, 
exploded  when  kindled  by  a  mateii.  This  substance  forming 
water  when  combined  with  oxygen,  and  being  therefore  the 
radical  of  that  compound,  the  name  hydrogen  was  given  to  it 
at  the  formation  of  the  new  nomenclature.  It  is  always  ob- 
tained from  the  decomposition  of  water,  as  it  cannot,  from  other 
substances  in  which  it  exists,  be  easily  disengaged  in  perfect 
purity.  Some  substance  is  made  to  act  on  water,  which  exerts 
an  attraction  to  the  oxygen,  without  combining  with  the  hy- 
drogen, when  of  course  the  hydrogen  is  disengaged,  and  passes 
into  the  elastic  form.  If  a  coil  of  iron  wire,  or  a  quantity  of 
ifon  filings,  be  put  into  an  iron  or  coated  glass,  or  earthen  tube 


which  is  placed  across  a  small  furnac  ,  and  surroun  'ed  with 
burning  fuel,  so  as  to  be  brought  to  a  red  heat,  on  distilling 
water  from  a  retort  connected  with  it,  the  vapour,  iu  passing 
over  the  surface  of  the  ignit  d  iron,  is  decomposed,  the  iron 
attracts  its  oxygen,  and  hydrogen  gas  issues  from  the  extremi- 
ty of  the  tube. 

This  process  is  a  troublesome  one,  and  by  the  agency  of  an 
acid,  water  is  decomposed  as  rapidly  by  iron  or  zinc,  at  a  natu- 
ral temperature.  Zinc  affords  the  hydrogen  in  the  greatest 
purity.  One  part  of  it,  in  small  pieces,  is  put  into  a  retort,  or 
a  bottle  with  a  bent  tube  adaptcil  to  it;  two  parts  of  sulphuric 
acid,  previously  diluted  with  five  times  its  weight  of  water,  are 
poured  upon  it,  an  eifervescence  is  immediately  excited,  hydro- 
gen gas  escapes,  and  is  to  be  collected  in  jars  fdled  with  water. 
These  co-operating,  produce  a  ternary  combination,  while  the 
hydrogen  sas  is  disengaged.  Hydrogen  gas  is  permanently 
elastic.  When  collected  over  water,  it  is  observed  to  have  a 
peculiar  smell,  slightly  fetid.  It  is  the  lightest  ofthe  gases, 
aird  indeed  the  lightest  substance  whose  gravity  can  be  ascer- 
tained by  weighing.  Its  specific  gravity  varies  considerably, 
according  to  its  state  with  regard  to  humidity.  When  it  has 
been  transmitted  through  water,  it  is  about  ten  times  lighter 
than  atmospheric  air  ;  when  it  has  been  received  over  quicksil- 
ver, and  exposed  to  any  substance  which  attracts  water  strong- 
ly, it  is  near  13  times  lighter.  It  is  from  this  levity  that  it  was 
applied  with  success  to  the  construction  of  balloons. 

After  it  was  first  discovered  that  oxygen  and  hydrogen  gases 
by  combustion  produced  water,  the  French  chemists,  to  verify 
the  experiment,  made  an  immertse  reservoir  of  oxygen  gas,  and 
another  of  hydrogen  gas,  and  caused  a  small  stream  from  each 
to  meet  and  inflame,  and  so  to  continue  for  several  days.  The 
result  was  a  large  quantity  of  excellent  water., 

The  chemical  property  by  which  hydrogen  gas  is  most  emi- 
nently distinguished,  is  its  great  irrfiammability.  When  an 
ignited  body  is  approached  to  it  in  contact  with  the  atmo- 
sphere, it  is  immediately  kindled,  and  continues  to  burn 
while  the  air  is  admitted  ;  if  previously  mixed  with  atmo- 
spheric air,  and  a  burning  body  approached  to  the  mixture,  or 
an  electric  spark  sent  through  it,  it  instantly  inflames  with 
detonation;  and  when  it  has  been  mixed  with  oxygen  gas,  the 
detonation  is  more  violent.  Though  hydrogen  gas  be  inflam- 
mable, it  is  incapable  of  sirpporling  the  combustion  of  other 
inflammables. ^  This  gas  is  incapable  of  supporting  animal  life 
by  respiration;  an  animal  immersed  in  it  is  soon  killed.  At 
the  same  time,  it  does  not  appear  to  be  so  positively  deleteri- 
ous as  the  other  noxious  gases.  Rosier,  even  after  expelling 
the  air  from  the  lungs,  breathed  hydrogen  gas  for  several 
respirations.  It  is  not  noxious  to  vegetable  life;  at  the  same 
time,  it  appears  to  contribute  little  to  the  nourishment  of  plants. 
Hydrogen  gas  is  so  sparingly  soluble  in  water,  that  when 
agitated  with  it,  it  suffers  no  perceptible  diminirliim  of  volume. 
The  nllinities  of  hydrogen  seem  principally  exerted  towards 
inflanmiahle  bodies.  Hydrogen  gas  is  found  collected  often  in 
mines,  derived  probably  from  the  decomposition  of  water  by 
metals;  it  is  known  to  the  mirrers  by  the  name  of  lire  damp, 
and  is  often  the  cause  of  accidents  from  exploding  on  tho 
approach  of  an  ignited  body.  It  is  also  extricated  from  stag- 
nant water,  and  from  marshy  situations,  from  the  slow  decom- 
position of  vegetable  and  animal  substances.  From  its  levity  it 
has  been  supposed  that  the  quantity  of  it  thus  produced  at  the 
surface  of  the  earth,  will  rise  through  the  atmosphere  and 
occupy  the  higher  regions;  and  oir  its  presence,  some  of  the 
phenomena  of  meteorology,  partiridarly  the  sudden  appear- 
ance of  some  fiery  meteors,  have  been  supposed  to  depend. 

HYDROGRAPHY,  the  art  of  measuring  and  describing  the 
sea,  rivers,  lakes,  and  canals. 

HYDROMETER,  an  instrument  for  measuring  the  density, 
gravity,  &c.  of  water  and  other  liquids  ;  that  which  is  designed 
simply  for  ascertaining  the  specific  gravity  of  ditferent  waters, 
is  more  commonly  called  an  Areometer,  or  waterpoisc ;  the 
term  hydrometer  being  more  commonly  employed  to  denote  an 
instrument  for  measuring  the  specific  gravity  of  spirits,  though 
it  is  sometimes  used  indifl'crently  for  either. 

Mr.  Clarke  constructed  an  hydrometer,  shewing  whether  any 
spirits  be  proof,  or  above  or  below  proof,  and  in  what  degree. 
This  instrument  was  made  of  a  ball  of  copper,  (because  ivory 
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imbibes  spirituous  li<|uors,  and  glass  is  apt  to  break,)  to  whicli 
is  soldered  a  brass  wire  about  a  quarter  of  an  inch  thick  ; 
upon  tliis  wire  is  marked  the  point  to  whicli  it  exactly  sinks  in 
proof  spirits  ;  as  also  two  otlicr  marks,  one  above  and  one 
below  the  former,  exactly  answerable  to  one  tenth  above  proof 
and  one  tenth  below  proof.  There  are  also  a  number  of  small 
weights  made  to  add  to  it,  so  as  to  answer  to  the  other  degrees 
of  strength  besides  those  above,  and  for  determining  the  spcci- 
tic  gravity  of  difl'erent  fluids. 

Dr.  Desaguliers'  hydrometer  determines  the  specific  gravities 
of  different  waters  to  .such  a  degree  of  nicety,  that  it  shews  when 
one  kind  of  water  is  but  the  40,000  part  heavier  than  another. 
It  consists  of  a  hollow  ball  of  about  three  inches  in  diameter, 
charged  with  shot  to  a  proper  degree,  and  having  (ixed  in  it  a 
long  and  very  slender  wire,  of  only  the  40tli  part  of  an  inch  in 
diameter,  and  divided  into  tenths  of  inches,  each  tenth  answer- 
ing to  the  40,000th  as  above. 

Nicholson  made  an  improvement  by  which  the  hydrometer  is 
adapted  to  the  general  purpose  of  finding  the  specific  gravity 
both  of  solids  and  (hiids. 

A  is  a  hollow  ball  of  copper,  B  a  dish  affixed  to 
the  ball  by  a  short  slender  stem  D ;  C  is  another 
afhxed  to  the  opposite  side  of  the  ball  by  a  kind 
of  stirrup.  In  the  instrument  actually  made,  the 
stem  D  is  of  hardened  steel  j^  of  an  inch  in  diameter, 
and  the  dish  C  is  so  heavy  as  in  all  cases  to  keep 
the  stem  vertical  when  the  instrument  is  made  to 
float  in  any  liquid.  The  parts  are  so  adjusted,  that 
the  addition  of  1000  grains  in  the  upper  dish  U, 
will  just  sink  it  in  distilled  water,  at  the  tempera- 
ture of  60°  of  Fahrenheit's  thermometer,  so  far  that  the  surface 
shall  intersect  the  middle  of  the  stem  I).  Let  it  now  be 
required  to  find  the  specific  gravity  of  any  fluid.  Immerse  the 
instrument  in  it,  and  by  placing  weights  in  the  dish  B  cause  it 
to  float,  so  that  the  middle  of  its  stem  D  shall  be  cut  by  the 
surface  of  the  fluid.  Then,  as  the  known  weight  of  the  instru- 
ment, added  to  1000  grains,  is  to  the  same  known  weight  added 
to  the  weight  used  in  producing  the  last  equilibrium,  so  is  the 
weight  of  a  quantity  of  distilled  water  displaced  by  the  floating 
instrument,  to  the  weight  of  an  equal  bulk  of  the  fluid  under 
examination.  And  these  weights  are  in  the  direct  ratio  of  the 
specific  gravities. 

Again,  let  it  be  required  to  find  the  specific  gravity  of  a  solid 
body,  whose  weight  Is  less  than  1000  grains.  Place  the  instru- 
ment in  distilled  water,  and  put  the  body  to  the  dish  B.  Make 
the  adjustment  of  sinking  the  instrument  in  the  middle  of  the 
stem,  by  adding  weight  in  the  same  dish.  Subtract  those 
weights  from  1000  grains,  and  the  remainder  will  be  the  weight 
of  the  body.  Place  now  the  body  in  the  lower  dish  C,  and  add 
more  weight  in  the  upper  dish  15,  till  the  adjustment  is  again 
obtained.  The  weight  last  added  will  be  the  loss  the  solids 
sustain  by  inmiersion,  and  is  the  weight  of  an  equal  bulk  of 
water.  Consequently  the  specific  gravity  of  the  solid  is  to  that 
of  water,  as  the  weight  of  the  body  to  the  loss  occasioned  by 
the  immersion.  This  instrument  was  found  to  be  sufliciently 
accurate  to  give  weights  tru-e  to  less  than  one-twentieth  of  a 
grain. 

HYDROPHlLUS,in  Natural  History,  a  genus  of  insects  of 
the  order  ofcolcoptera,  that  inhabit  ponds  and  stagnant  waters, 
where  they  swim  with  much  dexterity  ;  tliey  fly  abroad  by  night 
in  search  of  other  waters. 

HYDROPHOBIA,  an  aversion  or  dread  of  water  ;  aterriblc 
symptom  of  the  rabies  canina. 

HYDROSCOPB,  an  instrument  anciently  used  for  the  mea- 
suring of  time.  The  hydroscope  was  a  kind  of  water- clock, 
consisting  of  a  graduated  cylindrical  tube,  conical  at  the  bot- 
tom, or  marked  out  with  divisions,  to  which  the  top  of  the  water 
becoming  successively  contiguous  as  it  trickled  out  of  the  vor- 
tex of  the  cone,  pointed  out  the  hour. 

HYDROSTATICS,  is  the  science  which  treats  of  the  mecha- 
nical properties  of  fluids.  Strictly  speaking,  the  weight  and 
equilibrium  of  fluids  at  rest,  are  the  objects  of  this  science. 
When  the  e(|uililirium  is  destroyed,  motion  ensues;  and  the 
science  which  considers  the  laws  of  fluids  in  motion,  is  hy- 
draulics. 

A  fluid  is  a  body  whose  parts  yield  to  any  impression,  and  in 


yielding,  are  easily  moved  against  each  other.  Fluids  are  of 
two  kinds ;  non-elastic  and  incompressible  fluids,  such  as 
water,  oil,  mercury,  &c. :  and  clastic  and  compressible  fluids, 
such  as  air  of  diS'erent  sorts. 

Modern  philosophers  suppose  that  a  certain  portion  of  heat, 
combined  in  some  way  or  other  with  bodies,  occasions  fluidity, 
and  that  the  relative  portions  of  heat  contained  in  fluids  and 
solids,  is  the  cause  of  the  dill'erenrc  between  them.  .\nd  it  is 
from  the  imperfect  cohesion  of  fluids,  that,  when  in  small 
quantities,  they  arrange  themselves  in  a  spherical  manner,  and 
form  drops. 

A  portion  of  fluid  gravitates  in  another  when  surrounded  by  a 
larger  portion,  in  the  same  way  as  if  it  were  in  air.  Bu*  fluids 
have  this  remarkable  property  also,  that  they  press  not  only  in 
common  with  solids  perpendicularly,  but  also  upwards,  side- 
ways, and  in  every  direction  equally.  Take  a  glass  tube  open 
at  both  ends,  and  stopping  one  end  with  your  finger,  imnierge 
the  other  in  water.  The  water  will  be  prevented  from  rising 
far  in  the  tube  by  the  air  which  is  contained  in  it ;  but  if  you 
take  away  your  linger  from  the  upper  end.  the  air  within  the 
tube  will  be  suffered  to  escaiye,  and  the  water  will  rise  in  the 
tube  to  the  same  level  as  it  is  in  the  vessel,  being  pressed 
upwards  by  the  surrounding  water.  The  same  efl'ect  will  take 
place,  if  you  incline  the  tube  in  any  direction  ;  or  if  you  make 
use  of  tubes  bent  in  any  manner  ;  still  you  will  find  that  the  water 
within  them  will  rise  to  the  same  height  as  in  the  external  ves- 
sel. From  this  property  it  is,  that  if  you  bore  a  hole  in  the 
side  of  a  vessel  filled  with  water,  the  fluid  will  spout  out. 

A  fluid  presses  in  proportion  to  its  perpendicular  height,  and 
the  base  of  the  vessel  containing  it,  without  any  regard  to  the 
quantity  :  for  as  fluids  press  cquiilly  in  every  direction,  the 
horizontal  bottom  of  a  vessel  sustains  exactly  the  pressure  of  a 
colunui  of  fluid,  whose  base  is  the  area  of  the  bottom  of  the 
vessel,  and  whose  perpendicular  height  is  equal  to  the  depth 
of  the  fluid. 

The  pressure  exerted  against  the  bottom  of  a  vessel  is  in 
nowise  augmented  by  its  spreading  shape.  Thus,  in  the  vessel 
A  B,  fig.  1,  the  bottom  BC  sustains  a  pressure  equal  to  the 
Fiff.  1.  Fiff.  2. 


column  whose  base  is  C  B,  and  height  C  E,  and  not  as  the  whole 
quantity  of  fluid  contained  in  the  vessel.  .\lso  in  the  vessel 
F  G,  fig.  2,  the  bottom  G  H,  sustains  a  pressure  equal  to  what 
it  would  be  if  the  vessel  were  as  wide  at  the  top  as  it  is  at  the 
bottom. 

This  very  singular  and  important  conclusion,  that  the  pres- 
sure of  a  liquid  upon  the  liollora  of  any  vessel  depends  merely 
on  its  altitude  and  the  surface  of  its  base,  might  be  derived 
from  simpler  but  indirect  considerations.  Suppose  the  por- 
tion of  a  liquid,  which  encircles  the  vertical  cylinder  F  C  B, 
(as  in  the  annexed  figure,)  to  be  frozen  oi 
converted  into  a  solid  substance,  but  without 
changing  its  density  ;  the  pressure  of  this 
congealed  mass  would  evidently  continue 
the  same  as  before,  and  therefore  the  bot- 
tom has  only  to  sustain  the  weight  of  the 
cylindrical  column  which  rests  immediately 
upon  it.  If  the  lateral  ice  were  again  melt- 
eil,  it  would  assume  its  horizontal  thrust, 
which  could  not  alter  the  vertical  pressure 
of  the  liquid.  In  like  manner,  if  FG  M  werf 
a  cylinder  of  liquid  resting  upon  a  circulai 
base,  and  the  portions  F  G  K,  L  H  O  abou( 
the  sides  were  rendered  solid  or  congealed,  without  alteration 
of  density,  the  remaining  portion  G  K  L  M  will  evidently  exert 


496 


H  Y  D 


DICTIONARY    OF    MECHANICAL    SCIENCE, 


H  Y  D 


the  same  pressure  as  before  ;  and  the  incurved  sides  K  G,  L  H 
produce  an  effect  analogous  to  the  load  of  the  supposed  frozen 
masses  F  G  K,  L  H  O. 

Suppose  any  interior  portion  of  a  licjuid  to  become  solid  ;  it 
would  evidently  remain  in  the  same  state  of  indifl'erence  or 
equilibrium  as  before.  It  must  therefore  be  borne  up  by  the 
vertical  pressure  of  the  Ihiid  with  a  force  just  equal  to  its 
weight,  or  the  weight  of  tlie  liquid  whose  place  it  occupies. 
Conceive  this  congealed  mass  to  have  its  gravity  augmented 
or  diminished;  it  must  evidently  be  pulled  downwards  or  up- 
wards by  the  difference  between  this  force  ami  the  weight  of 
au  equal  bulk  of  the  liquid.  Subslitute  any  solid  body  instead 
of  this  block  of  ice,  and  the  loss  of  weight  it  suffers  by  the  immer- 
sion will  be  ci/ual  to  that  of  the  volume  of  fluid  which  it  displaces. 
This  fundamental  properly,  first  detected  by  the  genius  of 
Archimedes,  may  be  demonstrated  by  a  stricter  process  of 
reasoning.  Let  a  cylindrical  body  FEG  FI,  be  plunged  verti- 
cally in  a  vessel  C  A  B  D,  tilled  with  water  or  an^  other  li(|uid ; 
the  lateral  pressure,  acting  equally  around  the  axis,  will  evi- 
dently produce  a  complete  balance  of  efforts.  J5ut  the  cylinder 
will  be  pushed  upwards  by  a  column  of  tluid  having  I  E  for  its 
altitude,  and  the  circle  EG  for  its  base,  and  pressed  down- 
wards again  by  the  circular  column  I  F  H  K.  The  solid  is, 
therefore,  buoyed  up  by  the  excess  of  the  former  force  above 
the  latter,  or  by  the  weight  of  an  equal  cylinder  F  E  G  H  of  the 
liquid.  In  fact,  the  solid  body  loses  by  immersion,  just  as 
much  weight  as  that  of  an  equal  volume  of  the  surrounding 
fluid;  and,  on  this  principle,  is  founded  tlie  method  of  ascer- 
taining the  density  of  a  body,  or  the  relation  of  its  weight  to 
its  bulk,  which,  in  reference  to  some  connnon  standard,  is 
termed  its  spcciflc  i/raoitij.  Water,  at  its  state  of  greatest  coti- 
traction,  is  preferred  as  the  most  convenient  unit  of  compari- 
son, the  density  of  other  bodies  being  reckoned  in  decin)al 
parts.  The  Hi/drostatic  Balance  is  generally  used  for  this  pur- 
pose. The  substance  to  be  examined  may  be  either  liquid  or 
solid.  The  specilic  gravity  of  liquids  is  easily  determined,  by 
means  of  a  ball  or  pear-shaped  lump  of  glass  or  crystal,  either 
partly  hollow  or  loaded.  Tins  poise,  suspended  by  a  hair  or 
fine  thread,  is  wei.;hed  in  vacuo  or  in  air,  then  in  pure  water, 
and  next  in  the  particular  liquid;  the  loss  of  weight  which  it 
suffers  in  water  is  to  its  loss  in  the  lluid  under  trial,  as  unit  to 
the  specific  gravity  of  this  fiuid.  The  calculation  is  sometimes 
carried  to  five  places  of  decimals  ;  thougli  it  is  seldom  safe  or 
expedient  to  push  them  beyond  three  figures.  If  the  lump  of 
glass  were  ground  to  such  a  size  as  to  lose  exactly  a  thousand 
or  ten  thousand  grains  in  distilled  water,  no  computation  would 
be  required,  its  loss  of  weight,  by  immersion,  indicating  at 
once  the  specific  gravity  of  the  liquid. 

This  leads  to  what  is  called  the  Hi/drostatical  Paradox, 
which  is,  that  a  small  quantity  of  lluid  may  be  made  to  coun 
terpoise  the  greatest  (juantity. 

Thus,  if  to  a  wide  vessel  A  B,  you  attach 
a  tube  C  D  communicating  with  the  vessel, 
and  pour  water  into  either  of  them,  it  will 
always  stand  at  the  same  height  in  both, 
consequently  there  is  an  equilibrium  be- 
tween them.  And  of  whatever  shape  the 
vessels  are,  the  cllect  will  be  the  same. 
This  fact  is  confirmed  by  a  variety  of  strik- 
ing experiments,  and  forms  an  essential 
consideration  in  all  water  works.  But  the  principle  extends 
its  influence  to  masonry  ;  for  if  the  smallest  quantity  of  water 
should  lodge  to  a  considerable  heigiit  in  the  gravel,  sand,  or 
loose  earth,  close  behind  a  wall  or  solid  embankment,  it  would 
exert  a  lateral  pressure  sufficient  to  push  the  solid  materials 
from  tlieir  base.  Hence,  a  sudden  shower,  great  devastation, 
the  thinnest  vein  of  water  collected  in  a  perpendicular  crevice, 
will  split  the  hardest  rock,  and  hurl  the  fragments  to  its  base. 
Thus  hydrostatic  pressure  is  the  silent,  but  irresistible  agent, 
which  nature  employs  in  the  gradual  demolition  of  mountains. 

A  Perpetual  Si/phu7i,  which  possesses  the  faculty  of  making 
liquids  pass  from  one  vessel  to  another,  even  after  the  vessels 
are  empty  and  the  action  ceases,  has  two  unequal  arms; 
after  entirely  plunging  it  into  any  liquid,  in  order  that  it  may 
be  filled,  and  taking  care  that  both  orifices  are  constantly  im- 
mersed, each  extremity  of  the  syphon  is  introduced  into  a  small 


vase  or  reservoir,  filled  with  the  same  liquid,  in  which  is  piunged 
each  end.  Thus  the  immersion  of  the  two  ends  is  constant- 
and  the  entrance  of  the  air  and  escape  of  the  liquid  are  equaii) 
prevented;  the  s)  phoii,  always  full,  is  in  constant  action,  br 
only  immersing  one  of  its  branches,  without  the  aia  ^'  tnr. 
opening  or  shutting  cocks,  &c.  What  is  remarkable  in  this 
invention,  is  the  fact,  that  as  soon  as  one  vessel  is  empty  it  is 
filled  again  from  the  other;  and  soon  continually. 

7'he  Hi/drostatic  Belliiirs. — This  instrument  is  perhaps  the 
best  yet  invented  for  denioiistrating  the  upward  pressure  of 
fluids,  and  it  is  fully  illustrated  under  the  word  Bellows, 
p.  104. 

The  Hydrostatic  Balance  has  been  already  illustrated  ;  and 
Specific  Gravities  were  handled  under  the  word  Gravity. 

Solid  Bodies  Flouliny  on  Fluids.  —  A  solid  floating  on  a  fluid 
specifically  heavier  than  itself,  will  be  in  equilibrio,  or  will 
rest,  when  it  has  sunk  so  far  that  the  weight  of  the  fluid  dis- 
placed is  equal  to  the  weight  of  the  whole  solid,  and  when  the 
centres  of  gravity  of  the  whole  solid,  and  of  the  part  immersed, 
are  in  the  same  vertical  line. 

Hence,  every  solid,  specifically  lighter  than  a  fluid  which  has 
an  axis  that  divides  it  into  two  similar  and  equal  parts,  when 
placed  in  a  fluid  with  its  axis  vertical,  may  sink  to  a  position 
in  wliich  it  will  remain  in  equilibrio;  that  is,  without  turning 
either  to  the  one  side  or  the  other. 

In  such  bodies  there  are  always  two  opposite  positions  of 
equilibrium;  but  there  is  only  one  of  them  in  which  the  body 
can  float  permanently. 

When  the  eqiiilibiium  of  a  floating  body  is  disturbed,  or 
when  the  centres  of  gravity  of  the  whole,  and  the  part  immersed, 
are  not  in  the  same  vertical  line,  the  body  will  revolve  on  its 
axis,  till  it  come  into  the  position  where  these  two  points  are 
in  the  same  vertical  line. 

There  are  some  bodies  that  in  every  position  these  two 
points  are  in  the  same  vertical  line.  A  homogeneous  sphere, 
or  globe,  is  a  body  of  this  kind  ;  and  so  is  a  cylinder  floating 
with  its  axis  horizontal.  These  bodies  have  no  tendency  to 
maintain  one  position  more  than  another;  and  their  e(|uili- 
hriuni,  or  floating  position,  is  called  the  equilibrium  of  iVi- 
dijference. 

Some  floating  bodies,  when  their  equilibrium  is  disturbed, 
return  to  their  steady  position  after  a  few  oscillations  back- 
wards and  forwards.  (Jthers,  when  ever  so  little  disturbed,  do 
not  resume  their  former  position,  but  turn  on  their  centres  of 
gravity,  till  they  come  into  another  position,  when  they  are 
again  in  equilibrio.  In  the  first  ease  the  equilibrium  is  said  to 
be  stable,  in  the  latter  case  to  be  unstable,  and  then  the  body 
is  said  to  overset. 

When  a  floating  body  is  made  to  revolve  from  the  position 
of  e(piilihrium,  if  the  line  of  support  (that  is,  the  vertical  line 
passing  througii  the  centre  of  gravity  of  the  immersed  part) 
move  so  as  to  be  on  the  same  side  of  the  line  of  pressure  (or 
the  vertical  passing  through  the  centre  of  gravity  of  the  whole) 
with  the  depressed  part,  the  equilibrium  is  stable,  and  the  body 
will  resume  its  former  position.  But  if  the  line  of  support  is 
on  the  same  side  of  the  line  of  pressure  with  the  elevated  part, 
the  equilibrium  is  unslable,  and  the  body  will  overset.* 

When  a  floating  body  revolves  about  a  given  axis,  the  posi- 
tions of  equilibrium  through  whiidi  it  passes  are  alternately 
those  of  stability  and  instability:  for  between  a  slate  in  which 
a  body  has  a  tendency  to  remain,  and  another  in  which  it  has 
also  a  tendency  to  remain,  as  these  tendencies  are  opposite  to 
one  another,  there  must  be  an  intermediate  position  in  which 
the  tendency  to  remain  is  equal  to  nothing,  or  the  body  will 
revolve  on  its  axis. 

If  the  form  and  size  of  a  body,  floating  in  a  fluid,  be  known, 
and  its  altittide  above  the  surface,  and  the  specilic  gravity  of 
the  fluid  be  also  known,  its  stability  may  be  calculated. 

Having  given  the  general  principles  of  this  branch  of  science, 
we  may  explain  in  more  popular  speech  a  few  of  the  leading; 
characteristics  in  the  doctrine  of  fluids.    First  then,  every  .-.ub- 

•  The  centre  of  grnvitj  of  any  body  is  that  point  npon  which  the  body, 
when  acttd  upon  only  hy  the  force  of  gravitv,  will  balHnce  iiself  'n  nil 
positions.     This  will    be  more   fully   explained  when   we  come  to  Heal  o» 
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stance  appears  composed  of  an  assemblage  of  atoms,  con- 
nected together  by  a  system  of  mutual  attraction  and  repul- 
sion ;  in  solids,  the  atoms  resist  every  change  of  figure  ;  in 
fluids,  they  yield  to  the  slightest  external  pressure,  because 
their  particles  are  loosely  connected.  A  solid  reduced  to  a 
plane  easily  folds  up  in  one  direction;  if  reduced  to  filaments 
it  will  bend  every  way,  without  breaking;  crumbled  to  dust  or 
powder,  the  aggregate  particles  submit  to  any  external  im- 
pression, and  evince  no  sympathy  of  concatenation. 

A  solid  body,  sulijected  to  a  compressing  force,  undergoes  a 
proportional  contraction,  but  recovers  its  volume  after  this 
contraction  is  withdrawn.  But  if  the  compression  be  urged 
beyond  a  certain  limit,  the  substance  v,  ill  be  crushed  under  the 
load,  and  will  sull'er  a  complete  dissolution.  A  fluid,  however, 
enclosed  in  the  chamber  of  a  very  strong  metallic  vessel,  is 
found  to  be  capable  of  withstanding  the  greatest  pressure  we 
can  command,  though  its  contractions  are  comparatively  more 
extensive;  and  it  always  returns  with  unimpaired  vigour  to 
its  former  condition,  the  moment  such  external  force  has 
ceased  to  act.  The  constitution  of  a  lluid  remains  unaltered 
under  the  most  enormous  loads,  and  its  several  portions,  at  all 
times,  separate  and  reunite  with  extreme  facility.  Whether 
the  fluid  has  a  liquid  or  assumes  a  gaseous  form,  it  can  equally 
bear  any  compression,  the  corresponding  contraction  of  the 
latter  being  only  much  greater  than  that  of  the  former. 

If  the  minutest  subdivision  of  a  solid  contributes  nothing  to 
fluidity,  neither  will  any  supposed  smoothness  or  globular 
shape  of  the  particles  confer  that  character.  Exact  spherules 
might  procure  lubricity  on  a  plane,  but,  among  one  another, 
they  will  become  implanted,  and  affect  certain  configurations, 
as  manifested  in  tlie  common  piling  of  shot.  The  absolute 
contact  of  the  particles  is  besides  inadmissible,  since  all  bodies 
whatever  seem  to  be  capable  of  indefinite  condensation. 

But  fluidity  occurs  in  very  diHTerent  degrees.  Any  disturb- 
ing impression  is  more  quickly  obeyed  by  one  liquid  than  by 
another;  by  water,  for  instance,  than  by  oil  or  treacle.  All 
the  possible  shades  of  softness,  in  fact,  might  often  be  traced 
from  a  solid  to  a  fluid  substance.  The  application  of  heat 
generally  promotes  fluidity.  Thus,  honey  in  winter  is  a  can- 
died or  friable  solid  ;  in  the  spring  it  melts  down  ;  but  as  the 
summer  advances,  it  gradually  loses  its  viscidity,  and  flows 
more  freely.  Oil  seems  alTectcd  in  the  same  way,  and  hence 
the  practice  in  Italy  of  depositing  it  in  casks  for  exportation 
during  the  winter  season,  when  it  is  thickest  and  least  pene- 
trating. But  water  itself,  and  other  liquids,  not  excepting 
me/cury,  have  their  fluidity  likewise  augmenleil  by  heat,  as 
evinced  in  their  quickened  flow  through  capillary  tubes. 

If  an  angular  bit  of  glass  be  held  in  the  flame  of  a  blowpipe, 
it  will  become  gradually  rounded,  as  the  heat  penetrates  and 
softens  the  mass.  In  like  manner,  a  fragment  of  sealing-wax 
loses  its  rough  exterior,  and  assumes  a  regular  curved  surface, 
on  approaching  it  to  the  fire.  But  the  centre  of  curvature  is 
the  point  to  which  the  combined  attractions  of  the  outer  range 
of  particles  must  be  directed.  Since  this  point  retires,  there- 
fore, from  the  surface  with  the  progress  of  softness  to  fluidity, 
the  mutual  connexion  of  the  integrant  molecules  must  be 
exerted  over  a  much  greater  extent  in  fluids  than  in  solid  sub- 
stances. This  inference  appears  to  adord  likewise  an  expla- 
nation of  the  facility  of  their  internal  motion,  so  conspicuous 
in  liquids.  When  the  sphere  of  activity  is  confined,  as  in 
solids,  to  a  very  narrow  spot,  a  few  particles  only  are  con- 
nected by  their  sympathetic  tendencies.  Any  internal  dislo- 
cation will  in  this  c;ise  require  the  approximation  of  certain 
particles  and  llie  recession  of  others,  which  must  hence  occa- 
sion the  exorcise  of  corresponding  repulsive  and  attractive 
forces.  But  these  forces,  being  directed  to  a  small  number  of 
centres,  will  constitute  a  very  unecpial  group,  incapable  of 
gaining  a  smooth  and  graduated  e(|uilibriuni.  Every  change 
of  inclination  would  produce  a  violent  clfort  to  attain  a  new 
position  of  repose.  On  the  other  hand,  v/lien  the  sphere  of 
activity  embraces  a  niMltitude  of  particles,  as  in  the  compo- 
sition of  fluids,  the  slightest  mutual  derangement  will  be  suffi- 
cient to  accommodalc  every  variation  of  external  impression. 
The  most  minute  deviation  of  each  particle  would,  by  such 
prodigious  repetition,  amount  to  any  required  change  of  direc- 
tion. In  their  dislocations,  the  particles  are  almost  uncon- 
oi. 
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strained,  and  need  scarcely  approach  ot  recede  ;  the  repulsive 
and  attractive  forces  evolved  become  therefore  extremely 
small,  and  by  their  multitude  produce  in  every  position  nearly 
a  perfect  counterbalance.  A  fluid  is  heoce  fitted  to  obey  any 
impression  with  the  utmost  facility. 

But  whatever  may  be  the  system  of  forces  that  connects  the 
fluid  atoms,  the  properties  of  the  compound  are  deducible, 
from  the  absolute  facility  with  which  those  ultimate  particles 
receive  and  transmit  external  impressions.  Suppose  a  fluid, 
either  gaseous  or  liquid,  to  be  enclosed  in  a  very  broad  and 
extremely  shallow  cylinder  of  glass  or  metal  A  B  (as  in  the 
annexed  figure,)  at  the  top  of  which  is  inserted  a  tall   narrow 

tube  C  D  of  the  same 
material,  and  having  a 
plug  or  piston  E  nicely 
fitted  into  it.  On  push- 
ing down  this  piston, 
the  fluid  particles  un- 
der it  will  at  first  give 
way,  and  approach 
closer  to  each  other. 
They  will,  in  conse- 
quence, display  a  re- 
pulsive force  propor- 
tional to  this  mutual 
approximation.  Now, 
it  is  easily  seen  that 
points  or  atoms  can  never  be  ranged  through  space  in  perfect 
straight  lines  ;  and,  therefore,  the  pressure  will  not  be  confined 
to  the  vertical  column,  but  will  insensibly  diverge  in  all  direc- 
tions. The  particles  at  F  will  repel  obliquely  those  at  G  or 
at  H,  and  these  again  will  communicate  their  oblique  impres- 
sion to  other  adjacent  particles.  The  whole  stratum  of 
fluid,  from  the  orifice  C  to  A  and  B,  must  hence  continue  to 
recede  from  the  piston,  and  contract  its  volume,  till  the  in- 
tegrant particles  have  all  attained  the  same  mutual  distance, 
and  exert  the  corresponding  repulsive  energy.  A  uniform 
condensation  must  thus  be  diffused  through  the  mass,  before 
an  equilibrium  can  take  place.  This  condition  obtains  e(|ually 
in  !i(iui(ls  and  in  gaseous  fluids,  only  the  contraction  produced 
from  a  compressing  force,  which  is  so  visible  in  the  former  can 
seldom  be  distinguished  by  ordinary  perception  in  llie  latter. 
But  a  very  minute  alteration  of  the  volume  of  a  liquid  evolves 
as  much  force,  as  an  extensive  change  in  the  mass  of  a  gase- 
ous fiuid- 

The  pressure  exerted  by  the  piston  E  at  the  orifice  C  is 
therefore  C(iually  diffused  through  the  whole  of  the  lluid  A  B, 
every  particle  of  which  acquires  the  same  intensity  of  repul- 
sion. Each  point  on  the  surface  of  the  vessel  must  hence  sus- 
tain an  equal  efl'ort.  If  a  wide  cylinder  I  K.  fitted  also  with  a 
piston,  were  inserted  at  I,  the  compression  resisted  by  it  would 
be  proportional  to  the  space  of  action  or  the  circle  (ifthe  orifice. 
On  a  supposition  that  the  surface  of  the  piston  I  were  ten  times 
greater  than  thnt  of  E,  it  would  likewise  support  a  load  ten 
times  greater  than  the  pressure  applied  at  E  or  C. 

Let  the  piston  I  be  now  removed,  while  the  piston  E  is  con- 
ceived to  act  as  before.    The  liquid  must  evidently  rise  in  the 

cylinder  I  K.  (as  in 
the  annexed  figure.) 
till  its  weight  be- 
come equal  to  the 
pressure  exerted  at 
the  orifice  I.  In 
like  manner,  if  an- 
other c\  Under  L  M 
were  inserted,  the 
liquid  would  rise, 
till  its  weight  was 
equal  to  the  pres- 
sure at  L.  But  the 
pressures  at  I  and 
L  being  proportional  to  those  orifices,  or  the  circular  sections 
of  the  cylinders  I  K  and  L  AI,  the  altitudes  I  K  and  LM  of  the 
columns  themselves  must  be  equal.  If  a  cyliM<lcr  NO  were 
inserted  obliquely,  the  liquid  would  still  rise  to  the  same  level ; 
for  in  this  case,  the  column  b'.ing  partly  sustained  by  the  under 
G  L 
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side,  its  weiglil  would,  from  the  properly  of  the  inclined  plane, 
be  to  its  pressure  at  N,  as  tlie  length  O  N  to  the  perpen- 
dicular OP. 

Let  the  piston  E  itself  he  now  willidrawn,  and  the  liquid  will 
mount  in  the  cylinder  C  D,  till  its  weight  becomes  equal  to  the 
pressure  applied  at  C,  and  consequently  will  attain  the  same 
altitude  as  in  the  other  communicating  c3lindcrs.  Suppose 
the  cylinders  to  be  enlarged  and  brought  nearer  to  each  other, 
still  the  same  level  will  be  maintained  among  them.  Con- 
ceive they  were  even  united,  so  as  to  compose  a  single  cylin- 
drical vessel,  and  the  contained  liquid  would  always  assume  a 
level  surface.     Such  is  the  distinguishing  character  of  lluids. 

It  hence  follows,  that  the  condensation  accumulated  at  any 
point  of  an  open  liquid  mass,  and  therefore  the  actual  pres- 
sure exerted  there,  is  proportional  to  the  altitude  of  the  imnuii- 
bent  column  of  a  supposed  vertical  tube,  or  the  depth  of  the 
point  below  the  surface  of  the  iluid.  The  pressure  of  water 
against  the  perpendicular  sides  of  any  cistern  must  thus  in- 
crease regularly  from  the  top  to  the  bottom.  In  a  cubical 
vessel,  the  pressure  borne  by  each  side  would  be  just  half  the 
weight  supported  at  the  bottom,  and  consequently  the  aggregate 
pressure  sustained  by  all  the  four  sides  would  be  double  this 
weight. 

That  the  pressure  of  a  fluid  is  exerted  equally  every  way  in 
proportioi.  to  its  depth,  may  be  conlirmed  by  various  experi- 
ments. Thus,  having  fastened  a  long  narrow  glass  tube  to  the 
neck  of  a  thin  bladder,  fill  this  with  water  till  it  stand  perhaps 
an  inch  above,  and  plunge  the  whole  in  a  tall  jar  of  water  ;  the 
liquid  will  be  seen  to  rise  in  the  lube,  and  maintain  the  same 
altitude,  exactly  in  proportion  as  the  bladder  descends.  Again, 
if  a  high  gass  tube,  spreading  below  into  a  wide  funnel  mouth, 
to  which  a  loaded  plate  of  brass  has  been  ground  and  closely 
fitted,  were  let  down  and  held  in  a  body  of  water,  at  the  depth 
where  a  cylindrical  column  of  Iluid,  incumbent  upon  its  broad 
bace,  has  a  weight  equal  to  that  of  the  plate,  tliis  would  remain 
supported.  Jiut  if  a  hole  were  pierced  in  the  side  of  the  tube, 
admitting  a  small  portion  of  the  water  lo  fill  up  the  funnel,  its 
load  would  instantly  be  precipitated  to  the  bottom.  On  the  other 
hand,  if  the  tube  had  its  funnel  mouth  turued  upwards,  and 
fitted  with  a  thin  brass  plate  surmounted  by  a  \ery  thick  cylin- 
'er  of  cork;  the  buoyancy  of  this  cover  would  be  overcome  at 
a  certain  depth  below  the  surface  of  tlie  water.  Hut,  on  letting 
water  into  the  funnel,  the  pressure  now  exerted  under  the  plate 
would  immediately  Hoat  it  up. 

The  fundamental  principle,  that  a  fluid  compressed  in  a  close 
shallow  vessel  exerts  the  same  eflbrt  upon  every  equal  portion 
of  the  confining  surface,  was  first  distinctly  slated  by  the  famous 
Pascal,  who  even  proposed  it  as  a  new  mechanical  power  of 
great  efficacy  and  ready  application.  If  the  piston  I  (p.  497.) 
were,  for  instance,  an  hundred  times  larger  than  the  piston  E, 
the  force  of  one  man  pushing  down  the  former  would  be  sutTi- 
cient  to  withstand  the  action  of  an  hundred  men  upon  the  latter. 
Nor  did  another  feature  of  resemblance  escape  this  acute  phi- 
losopher, that,  as  in  all  other  mechanical  combinations,  what  is 
here  gained  in  power  is  lost  in  celerity,  or,  in  other  words,  that 
the  height  to  which  a  load  is  raised  is  still  inversely  as  the 
purchase.  Thus,  while  the  piston  E  descends  through  one 
inch,  the  piston  I  ascends  only  the  hundredth  part  of  an  inch. 
This  consideration  is  essentially  the  same  as  the  principle  of 
virtual  velocities,  which  aflords  another  demonstration  of  the 
equality  of  pressuje  diliused  through  a  Iluid.  For,  if  one 
pound  depress  the  piston  E  one  inch,  the  piston  I  will  lift  an 
hundred  pounds  over  the  hundredth  part  of  an  inch,  the  momen- 
tum of  the  weight  at  E  being  still  equal  to  the  opiiosite  momen- 
tum of  the  load  incumbent  at  I.  The  pressure  exerted  by  the 
fluid  upon  every  point  of  the  surface  of  the  shallow  vessel  is 
hence  the  same. 

The  project  originally  started  by  Pascal,  of  applying  this 
Capital  property  of  fiuids  to  the  constru(^iion  of  a  powerful 
mechanical  engine,  has  been  reduced  to  convenient  practice  in 
our  own  time.  The  progress  of  the  arts  has  now  begun  to 
realize  all  the  delicacy  of  theory.  Watt  employed,  to  a  certain 
extent,  the  soft  compression  of  air,  as  the  chief  agsnt  of  bis 
coining  engine;  while  Bramah  has  successfully  availed  him- 
self of  the  constrained  energy  of  water  in  the  construction  of 
iU!>  hydraulic  press. 


HYDROSULPHURET,  in  Chemistry,  the  combination  of 
sulphuretted  hydrogen  with  an  alkaline  or  earthy  base.  They 
are  soluble  in  water,  and  crystallizable  ;  the  solution  is  colour- 
less, while  the  action  of  the  air  is  excluded  ;  but  \»heu  that  is 
adinilted,  a  yellow  colour  is  soon  acquired. 

HYGROMETER,  a  machine  or  instrument  to  measure  the 
degrees  of  dryness  or  moisture  of  the  atmosphere. 

There  are  divers  sorts  of  hygrometers  ;  for  whatever  body 
either  swells  or  shrinks  by  dryness  or  moisture,  is  cipable  oj" 
being  formed  into  an  hygrometer.  Such  are  woods  of  most 
kinds,  particularly  ash,  deal,  poplar,  &c.  Such  also  is  cat- 
gut, the  beard  of  a  wild  oat,  hempen  cords,  &c.  Philosophers 
have  sought  also  to  measure  the  humidity  of  the  air  by  the 
augmentation  of  weight  undergone  by  certain  substances,  such 
as  tuft  of  wool,  or  portions  of  salt,  by  absorbing  the  water  con- 
tained in  the  air.  But  besides  that  these  methods  were  in 
themselves  very  imperfect,  the  bodies  employed  were  subject 
to  alterations  which  would  make  them  lose  their  bygrometric 
quality  more  or  less  promptly.  The  hygrometer  invented  by 
Saussure  is  free  from  these  in.  onveniences.  The  principal 
piece  in  it  is  a  hair,  which  has  been  divested  of  a  kind  of 
oiliness  that  is  natural  to  it,  by  boiling  it  in  water  holding  in 
solution  nearly  a  hundredth  part  of  its  weight  of  sulphate  of 
soda.  It  is  known  that  humidity  lengthens  the  hair,  and  that 
the  process  of  drying  shortens  it.  To  render  both  these  ellects 
more  perceptible,  he  attached  one  of  the  two  ends  of  the  hair 
to  a  fixed  point,  and  the  other  to  the  circumference  of  a  move- 
able cj  linder,  that  carries  at  one  of  its  extremities  a  light  index 
or  hand.  The  hair  is  bound  by  a  counter-weight  of  about  three 
grains,  suspended  by  a  delicate  silk  which  is  rolled  in  a  contrary 
way  about  the  same  cylinder.  In  proportion  as  the  hair 
lengthens  or  shortens,  it  causes  the  cylinder  to  turn  in  one  or 
the  other  direction,  and  by  a  necessary  consequence,  the  little 
index  turns  likewise,  the  motions  of  which  are  measured  on  the 
circumference  of  a  graduated  circle,  about  which  the  index  per- 
forms its  revolution  as  in  common  clocks.  To  give  to  the  scale 
such  a  basis  as  may  establish  a  relation  between  all  the  hygro- 
meters constructed  upon  the  same  principles,  Saussure  as- 
sumes two  fixed  terms,  the  extremity  of  humidity,  and  that 
of  dryness  ;  he  determines  the  first  by  placing  the  hygrometer 
under  a  glass  receiver,  the  whole  interior  surfac'e  of  which  he 
had  completely  moistened  with  water.  To  ohiain  Ihe  contrary 
limit  of  extreme  dryness,  he  made  use  of  a  hot  and  well-dried 
receiver,  under  which  he  included  the  hygrometer,  with  a  piece 
of  iron  plate  likewise  heated,  covered  with  a  fixed  alkali.  The 
scale  of  the  instrument  is  divided  into  a  hundred  degrees.  The 
zero  indicates  the  limit  of  extreme  dryness,  and  the  number 
one  hundred  that  of  extreme  humidity.  The  effects  of  mois- 
ture and  of  dryness  upon  the  hair,  are  however  modified  by 
those  of  heat,  which  act  upon  it,  sometimes  in  the  same  sense, 
and  sometimes  in  a  contrary  one.  In  observations  which 
require  great  precision,  it  is  therefore  necessary  to  consult  the 
thermometer;  and  on  this  account,  the  inventor  has  con- 
structed from  observation  a  table  of  corrections. 

De  Luc  employed  for  the  constrtiction  of  his  hygrometers  a 
very  thin  slip  of  whalebone,  which  performs  the  same  office  as 
the  hair  in  that  of  Saussure.  He  kept  this  m  halebone  bent  by 
means  of  a  spring,  the  action  of  which  he  preferred  to  that  of  a 
weight ;  he  determined  the  degree  of  extreme  humidity,  by  im- 
mersing the  slip  of  whalebone  entirely  under  water;  and  to  fix 
the  opposite  limit,  (that  of  extreme  dryness,)  he  made  use  of 
calcined  lime,  enclosed  with  the  hygrometer  under  a  glass  bell. 

As  the  hair  hygrometer  of  M.  de  Saussure  has  been  almost 
invariably  used  by  the  continental  philosophers,  as  the  most 
accurate  instrument  for  measuring  the  moisture  of  the  air, 
any  real  improvement  upon  it  will  be  regarded  by  the  experi- 
mental philosopher  as  a  valuable  acquisition  to  science. 
The  hygrometer  of  M.  Babinet  seems  to  possess  this  character 
in  no  inconsiderable  degree,  and  as  a  very  favourable  report 
upon  it  has  been  made  to  the  Academy  of  Sciences  by  a  very 
competent  judge,  INI.  Fresnel,  we  shall  submit  to  our  readers 
a  drawing  and  description  of  it,  abridged  from  the  Journal  de 
Pharmacie  for  April,  1824. 

This  instrument  is  represented  in  the  annexed  figure,  where 
1,  1,  1,  1,  is  a  copper  cylinder,  reslinij  upon  a  pedestal,  and 
having  large  apertures  cut  out  of  it.     When  the  interior  of  th« 
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instrument  is  to  be  shut  up  from  the  external  air,  its  upper 
part  is  surrounded  with  a  cylinder  of  glass,  2,  2,  2,  2,  fixed  at  its 
two  ends  (with  green  waxj  to  the  upper  rings  which  project 
round  tlie  cylinder. 

Three  hairs,  3,3,  3,  fixed  to  a  micrometer  screw,  4,4,  placed 
on  the  upper  part  of  the  instrument,  and  eacli  stretched  by  a 
copper  weight,  descend  into  the  cylinder,  and  pass  through 
three  holes,  in  a  small  horizontal  plane,  in  order  that  they 
may  be  kept  separate  from  each  other.  On  one  side  of  the 
instrument  is  placed  a  small  telescope,  .5,  having  a  wire  in 
its  field,  for  indicating,  with  great  accuracy,  the  position  of  a 
mark  on  the  copper  weights,  and  ascertaining  when  the  marks 
have  descended  to  the  same  point. 

The  object  of  the  micrometer  screw  is  to  measure  the  elonga- 
tion of  the  hairs,  which  it  does  nearly  to  the  2500dlh  part  of  an 
inch,  by  the  usual  and  well-known  process. 

In  graduating  the  instrument,  extreme  dryness  is  obtained 
by  means  of  sulphuric  atid,  and  extreme  humidity  by  means 
of  aqueous  vapour ;  and  the  elongation  of  the  hairs  in  passing 
from  the  state  in  which  they  are  saturated  with  moisture  to 
that  of  extreme  dryness,  is  measured  by  the  micrometer  screw. 
If  this  elongation  is  five  millimetres,  or  about  one  fifth  of  an 
inch,  this  space  is  represented  by  100  degrees  of  the  scale;  so 
that  ilijdths  of  a  millimetre  will  correspond  to  one  degree  of 
the  scale.  When  the  instrument  is  thus  prepared  for  use,  the 
glass  cylinder  is  removed,  and  the  hairs  exposed  to  the  air,  the 
humidity  of  which  will  be  indicated  by  the  distance  of  the  mark 
on  the  copper  weight  from  the  beginning  or  zero  of  the  scale. 

The  advantages  of  this  form  of  the 
instrument  are  thus  enumerated  by  its  ^g^ 

inventor. 

1.  The  extreme  delicacy  of  the  indi- 
cations which  are  obtained  by  the  tele- 
scope and  the  micromelrical  screw,  and 
by  the  use  of  three  hairs,  which  are 
three  hygrometers,  the  mean  of  the 
changes  of  which  afi'ords  a  much 
greater  degree  of  accuracy  than  if  a 
single  one  w  ere  used. 

2.  The  removal  of  the  error  which 
arises  from  the  friclion  and  play  of  the 
axis  of  the  needle  in  common  hygrome- 
ters, as  well  as  from  the  bending  of  the 
hair  round  the  small  pulley. 

3.  The  facility  of  measuring  the  hy- 
grometrieal  elongation  of  any  sub- 
stance, whether  flexible  or  not,  when 
reduced  to  a  slender  cylinder,  and  of 
comparing  two  hygrometric  substances. 

4.  In  this  instrument,  the  three 
hairs,  which  are  three  hygrometers, 
agree  nearly  with  one  another,  while 
two  common  hygrometers  require  very 
great  precaution  in  order  to  agree  with 
one  another,  even  less  perfectly, 

5.  This  instrument  becomes  very 
portable  by  stopping  the  weights  at- 
tached to  the  three  hairs  by  a  small  pin 
which  passes  through  them,  and  sup- 
ports them  while  they  are  carried 
about. 

A  simple  hygrometer  may  be  formed 
by  means  of  a  flaxen  line  five  -feet 
long  ;  and  having  a  graduated  scale 
lixcd  to  an  index  moving  on  a  fulcrum. 
The  length  of  the  index,  from  the  ful- 
crum to  the  point,  should  be  ten  inches; 
that  of  the  lever,  from  the  fulcrum  to 
the  middle  of  the  eye,  to  which  the  cord 
IS  fixed,  t«o  and  a  half.  The  air  be- 
coming moist,  the  cord  imbibes  its 
moisture ;  the  line  in  consequence  is 
shortened,  and  the  index  rises.  On 
the  contrary,  the  air  becoming  dry,  the 
cord  discharges  its  moisture, — length- 
ens,— and  the  index  falls. 


A 


Hygrometers  are  constracted  in  a  great  varcty  of  ways, 
according  to  the  substances  of  which  they  are  composed,  or 
the  manner  in  which  they  are  designed  to  act.  Our  limits 
however  will  only  allow  of  touching  very  slightly  on  this 
subject,  and  we  shall  therefore  confine  our  remarks  to  one  or 
two  of  the  best  instruments  of  this  kind;  after  ha\ing  first 
illustrated  their  principle  of  operation  by  one  of  the  most 
simple  construction,  as  follows  : 

Stretch  a  common  cord  or  catgut 
string  A  15  D  along  a  wall,  passing  it 
over  a  pulley  B,  after  having  fixed  it 
atone  end  A,  and  attached  a  weight 
to  the  other  end  C,  which  is  made  to 
carry  an  index  or  style  F.  .\gainst 
the  same  wall  fix  a  metal  graduated 
plate  H  1,  on  which  will  be  indicated 
the  state  of  the  atmosphere  by  the  po- 
sition of  the  index,  the  motion  of  the 
latter  aiising  solely  from  the  contrac- 
tion or  dilation  of  the  cord,  which  lakes  place  according  to  the 
degree  of  dryness  or  moisture  of  the  atmosphere. 

This  instrument  is  as  simple  as  can  be  desired,  and  its 
scale  of  variation  may  be  increased,  by  passing  it  over  t-hrce 
or  four  pulleys,  as  in  the  annexed  figure;  but  it  is  far 
from  possessing  that  degree  of  arcuracy  which  is  so  much  to 
be  desired  in  philosophical  instruments  and  observations,  and 
accordingly  various  other  hygrometers  have  been  invented,  to 
remedy  the  defect  of  that  above  described  ;  one  great  imper- 
^^,  ^ ^ ^ ^■^.■^■,-^^^^^  feclion  of  which  i<,  that  dillercnt 
B ^£szz:2m^iz3=i3as  instruments,   however  correct  their 

^S^  operation  may  be,  are  incomparable 
with  each  other  ;  it  was  therefore  a 
great  desideratum  to  construct  them 
so  as  to  admit  of  the  same  kind  of 
comparison  as  the  thermometer  and 
barometer.  The  most  complete  in- 
strument of  this  kind  has  been 
invented  by  J.F.Daniel,  Esq.  F.R.S. 
and  to  his  Meteorological  Essays  we 
shall  therefore  have  recourse  for  the  drawings  and  descriptions 
of  this  instrument,  when  Me  come  to  treat  on  the  subject  of 
Mi-riOHoLoGY  in  the  sequel  of  our  Dictionary. 

IIYMENOPTERA,  in  Natural  History,  the  fifth  order  of 
insects,  according  to  theLinna;an  system.  They  arc  furnished 
with  four  membranaceous  wings,  and  with  a  sting,  or  a  process 
resembling  one. 

HYPEKBOL.\,  is  one  of  the  conic  sections  formed  by  the 
intersection  of  a  plane  and  cone,  when  the  plane  makes  a 
greater  angle  with  the  base  of  the  cone,  tbao  that  formed  by 
the  base  and  side  of  the  cone,  as  DAE. 

And  if  the  plane  be  prodnced  so  as  to  cut 
i^ — p*^</  *''c  opposite  cone,  another  hyperbola  will  be 
V     \  /  formed,  as  dWc,  which  is  called  the  opposite 

\      M/q  hyperbola  to  the  former. 

The  hyperbola,  like  all  the  other  conic  sec- 
tions, may  be  treated  of  in  three  difl'ercnt  ways, 
viz.  1.  As  being  produced  by  the  intersection 
of  a  plane  and  cone;  2.  according  to  its  de- 
scription in  piano ;  and  3.  As  being  generated 
by  the  motion  of  a  variable  line  or  ordinate 
along  another  line  or  directrix,  whereby  the 
properties  of  the  curve  are  treated  of,  from 
the  equation  by  which  it  is  defined. 

Mechanical  Description  of  the  ffi/perbola,  and 
the  IHet/iorlii/  dialling  the  Figure. 
— 1.  In  the  transverse  axis  .VB, 
produced,  take  the  foci  F,  /";  or, 
w  hich  Is  the  same,  take  C  F,  C/, 
both  r=  Ad  or  Ha;  assume 
any  point  I,  and  with  the  radii 
A  I,  or  B  I.  and  centres  F,  f, 
deserihc  arcs  intersecting  in  E, 
which  will  i^ive  four  points  in 
the  cnrre ;  then  find  other  points  in  the  same  manner,  and 
the  curve  passing  through  those  points  will  be  the  hyperbola 
required. 
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2.  If  one  end  of  a  ruIer/M  O, 
be  fastened  at  the  point/'  l)\  a 
pin  on  a  plane,  so  as  to  turn  fiee- 
ly  about  that  point  as  a  centre  ; 
and  a  thread  F  M  O  shorter  than 
the  ruler  be  fixed,  one  end  at  F, 
and  the  other  to  the  end  O  of  the 
ruler: 

Then  if  the  ruler/M  O  be  turn- 
ed about  the  fixed  point/,  at  the 
same  time  that  the  thread  F  I\I  O 
is  kept  always  tight,  and  its  part 
IM  O  close  to  the  side  of  the  ruler 
by  means  of  the  pin  M,  tlie  curve 
line  A  X  resultini;  from  tlie  mo- 
tion of  the  pin  M,  is  one  part  of 
an  hyperbola;  and  if  the  ruler  be 
turned,  and  move  on  the  other  side  of  the  fixed  point  F,  the 
other  part  A  Z  of  the  same  hyperbola  may  be  described  after 
the  same  manner. — Or  otlierwise. 

3.  Let  C  and  F  be  the  t«o  foci,  and 
E  and  K  tlie  two  vertices  of  the  hy- 
perbola. Take  three  rulers  C  D,  D  G 
GF,  so  that  CG=GF=EK,  and 
D  G  =  C  F  ;  let  the  rulers  C  D,  GT,  be 
of  an  indefinite  length  beyond  C  and 
G,  and  having;  slits  in  tliem  for  a  pin 
to  move  in  the  rulers,  having  holes  in 
them  at  C  and  F,  by  which  wilh  pins 
they  are  fastened  to  the  foci  of  those 
points,  being  joined  to  the  points  D 
and  G  by  the  ruler  D  G.  Then  if  a 
pin  be  put  in  theslils,  viz.  the  common 
intersection  of  the  rulers  CD,  and  GF, 

and  moved  along,  causing  the  two  rulers  G  F,  C  D,  to  turn 
about  the  foci  C  and  F  ;  that  point  will  describe  the  portion 
E  Q  of  an  hyperbola.  Other  mechanical  methods  of  describing 
this  curve  may  be  seen  in  various  works. 

Hyperbolas  receive  various  denominations  from  certain  pecu- 
liaritics  in  their  construction,  proportions,  &c.;  as  acute,  umbi- 
geiwl,  equilateral,  &c. 

HYPEKBOLE,  in  Rhetoric,  a  figure  whereby  the  truth  and 
reality  of  things  are  excessively  enlarged,  or  diminished. 


HYPERBOLIC  Line,  is  used  by  some  authors  for  what  we 
call  the  hyperbola  itself. 

Hyperbolic  LogaritUnis,  or  \aperian  I.or/arit/ims,  are  a  series 
of  numbers  particularly  useful  in  the  determination  and  com- 
putation of  llucnts,  arising  from  various  problems  in  the  higher 
branches  of  the  mathematics;  having,  at  the  same  time,  the 
property  of  common  logarithms  in  facilitating  arithmetical  ope- 
rations. 

These  numbers  are  termed  hyperbolic  logarithms,  because 
they  express  the  areas  or  spaces  contained  between  the  assymp- 
tote  and  curve  of  the  hyperbola  ;  but  as  this  property  is  not  pecu- 
liar to  this  system,  they  are  now  more  commonly  called  Naperian 
logarithms,  from  the  name  of  the  illustrious  inventor  of  this 
method  of  computation. 

HYPOTHECATE,  in  Law.  To  hypothecate  a  ship,is  to  pawn 
the  same  for  necessaries  :  and  a  master  may  hypothecate 
either  ship  or  goods  for  relief,  when  in  distress  at  sea. 

H  YPOTHENUSE,  in  Geometry,  the  longest  side  of  a  right- 
angled  triangle;  or  it  is  that  side  which  subtends  the  right 
angle.  In  every  rectilinear  right-angled  triangle,  the  square 
of  the  hypothenuse  is  equal  to  the  squares  of  both  the  other 
sides,  by  the  47th  prop,  of  the  first  book  of  Euclid. 

HYPOTHESIS,  in  general,  denotes  something  supposed  to 
be  true,  or  taken  for  granted,  in  order  to  prove  or  illustrate  a 
point  in  qtiestion. 

HYSTRIX,  Porcupine,  in  Natural  History,  a  genus  of  qua- 
drupeds of  the  order  glires.  There  are  five  species.  H.  crista, 
or  the  common  porcupine,  is  about  t«o  feet  in  length,  exclu- 
sively of  the  tail.  It  is  found  in  Africa  and  India,  and  in  the 
warmer  climate  of  Europe.  It  is  covered  on  the  upper  part 
of  its  body  with  variegated  spines  or  quills,  which  are  long  and 
sharp,  and  which,  when  irritated,  it  erects  with  particular 
intenseness,  and  a  rustling  and  alarming  noise.  Its  principal 
food  consists  of  the  bark  of  trees,  roots,  and  fruit.  It  produces 
two  at  a  birth,  and  if  taken  young  is  tamed  with  considerable 
facility.  lis  llcsh  is  eaten  not  only  in  Africa  but  in  Italy,  and 
is  thought  extremely  luscious. 

The  Brazilian  porcupine  is  about  a  foot  long,  and  its  tail 
about  a  foot  and  a  half,  by  which  it  clinijs  to  the  branches  of 
trees.  It  is  covered  with  strong,  slioi  t,  and  extremely  sharp 
spines,  on  most  of  those  parts  of  its  buily  particularly  exposed 
to  assault. 
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1 )  or  i,  the  ninth  letter  and  third  vowel  of  the  alphabet.  When 
used  as  a  numeral,  it  signifies  no  more  than  one,  and  stands  for 
so  many  units  as  it  is  repeated  times  ;  thus  I,  one  ;  II,  two  ; 
III,  three,  &,c.  and  when  put  before  a  higher  numeral  it  sub- 
tracts itself,  as  IV,  four ;  IX,  nine.  Sec. ;  but  when  set  after  it. 
so  many  are  added  to  the  higher  numeral  as  there  are  I's 
added  ;  thus,  VI  is  a  -|-  1,  or  six;  VII,  5  +  2,  or  seven  ;  VIII, 
5 -I- 3,  or  eight.  The  ancient  Romans  likewise  used  lo  for  5tl0, 
CI^  for  1000,  l30  for  5000.  CCIoo  for  lO.OOi),  l300  for 
50,000,  and  CCCIooa  for  100,000.  Farther  than  this,  as  Pliny 
observes,  they  did  not  go  in  their  notation ;  but  when  neces- 
sary, repeated  the  last  number,  as  CCCI^q^,  CCCIooo  for 
200,000;  CCCIooo,  CCCIooo,  CCCI030 'for  300,000;  and 
so  on. 

IAMBICS,  certain  songs  or  satires,  which  are  supposed  to 
have  given  birth  to  the  ancient  comedy.  The  word  is  applied 
also  to  a  particular  kind  of  Latin  verse,  of  which  the  simple 
foot  consists  of  a  short  and  long  syllable. 

IBEX,  in  Ziiology.     ISee  Capra. 

ICE,  a  brittle  transparent  body,  formed  of  some  lluid  frozen 
or  fixed  by  cold.  The  specific  gravity  of  ice  to  that  of  water, 
is  in  about  the  ratio  of  -93  to  1 ;  and  the  capacity  for  heat  as 


•9  to  1  ;  its  refractive  power  is  1'3I,  being  the  least  so  of  any 
known  substance  that  is  not  aeriform.  See  Freezing  and 
Fri;E2Ino  mixture;  and  for  the  expansive  power  of  water  in 
passing  from  its  liquid  state,  «fe  Evaporation  and  Expansion. 

Ice  Cream,  To  make.  Take  a  sufficient  quantity  of  cream, 
and  when  it  is  to  be  mixed  with  raspberry  or  currant  juice, 
a  quarter  part  as  much  of  the  juice  or  jaiu,  as  of  the  cream. 
After  beating  and  straining  the  mixture  through  a  cloth,  put  it 
with  a  little  juice  of  lemon  into  the  mould,  (a  pewter  vessel, 
and  varying  in  size  and  shape  at  pleasure:)  cover  the  mould, 
and  place  it  in  a  pail  about  two-thirds  full  of  ice,  into  which 
two  handfuls  of  salt  have  been  thrown,  turn  the  mould  by  the 
hand-hold  with  a  quick  motion  to  and  fro,  in  tlie  manner  used 
in  milling  chocolate,  for  8  or  10  minutes;  then  let  it  rest  as 
long,  and  turn  it  again  for  the  same  time  ;  and  having  left  it  to 
stand  for  half  an  hour,  it  is  then  fit  to  be  turned  out  of  the 
mould  and  set  upon  the  table.  Lemon  juice  and  sugar,  and 
the  juices  of  various  kinds  of  fruits  are  frozen  without  cream; 
and  when  cream  is  used,  it  should  be  well  mixed. 

Ice  Boats  are  so  constructed  as  to  sail  upon  ice.  and 
they  are  common  in  Holland  upon  the  Maese  and  lake  '\ . 
This  figure  represents  one  of  these  useful  convey  auccs  of  goods 
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aiul  passengers,  whose  breath  is  sometimes,  however,  affected 
by  the  rapid  velocity  at  which  this  machine  is  driven 


bottom  concave,  to  form  a  reservoir  for  the  waste  water  till  it 
can  drain  oil':  if  the  soil  re<|uires  it,  cut  a  drain  to  a  consi- 
derable distance,  or  so  far  as  will  come  oat  at  the  side  of  tha 


Ice  House.  The  simplest  form  of  an  ice  house  is  the  follow- 
inR  improvement  upon  the  Italian  and  American  plans: — In  a 
soil  wheie  and  springs  do  not  strike  above  IG  feet  deep,  dig  a 
pit  12  feet  deep,  and  about  18  feet  s^^uare.  You  may  then 
erect  a  frame  similar  to  the  ligure.  The  posts  ought  to  be 
about  9  inches  in  diameter, 
placed  near  enouiili  to  each 
other  for  thin  laths  to  be 
nailed  upon  them,  and  the 
inside  dressed  to  an  acute 
angle,  so  that  as  little  wood 
as  possible  may  touch  the  ice. 
On  the  inside  let  tliin  laths 
be  nailed  at  about  two  feet 
apart;  on  the  outside,  at  mo- 
derate distances,  nail  rough 
boards,  and  fill  the  place 
within  with  wheat  or  rye 
straw  set  on  end.  The  in- 
side of  the  roof  to  be  made  in 
the  same  way,  and  also  the 
gables.  Straw  to  be  sewed  on 
the  inside,  and  heath  or  striuv 

on  the  outside  of  the  door.  The  outside  of  the  roof  to  be 
thatched  thick  with  straw  or  heath  ;  and  heath,  brushwood,  or 
fir  tops,  to  be  filled  in  belwccn  the  outside  boardins;  and  the  sur- 
rounding ground,  and  tli(!n  neatly  thatched  or  turfed  over.  The 
bottom  of  the  house,  for  2  Icut  deep,  to  be  laid  with  large  logs  or 
stones,  next  with  heath,  lir  tops,  or  brushwood,  and  then  with 
straw.  The  ice  house,  when  thus  completed,  will  look  like  a  square 
bee-hive  inverted,  and  is  then  ready  to  receive  the  ice  or  snow 

Unless  the  house  is  in  a  very  shady  place,  it  may  be  necessary 
to  extend  the  roof,  where  the  door  is  placed,  5  or  (i  I'eet,  mak- 
ing a  second  gable  and  door,  finished  in  the  same  way  as  the 
first,  and  fill  up  the  intervening  space,  except  a  passage,  with 
heath  or  straw. 

The  best  soil  for  an  ice  house  to  be  made  in  is  chalk,  as  it 
conveys  away  the  waste  water  without  any  artificial  drain  ; 
next  to  thnt,  loose  .stony  earth  or  gravelly  soil.  Its  situation 
should  be  on  the  side  of  a  hill,  for  tlie  advantage  of  entering 
the  cell  upon  a  level,  as  in  the  drawing. 

To  construct  an  ice  liousc,   first  choose  a  proper  place  at  a 
convenient  distance  fioui  the  dwelling-house,  or  house  it  is  to 
serve  ;  dig  a  cavity  (if  for  one  family,  of  the  dimensions  speci- 
fied in  the  design)  of  ihc  figure  of  an  inverted  cone,  sinking  the 
62. 


hill,  or  into  a  well,  to  make  it  commnnlcate  with  the  springs, 
and  in  that  drain  form  a  stink  or  air-trap,  marked  /,  by  sinking 
the  drain  so  much  lower  in  that  place  as  it  is  high,  and  bring  a 
partition  from  the  top  an  inch  or  more  into  the  water,  which 
will  consequently  be  in  the  trap,  and  will  keep  the  well  air- 
tight. Work  up  a  sufficient  number  of  brick  piers  to  receive  a 
cart  wheel,  to  be  laid  with  its  convex  side  upwards  to  receive 
the  ice;  lay  bundles  of  straw  upon  the  wheel,  whiih  will  let  the 
melted  ice  drain  through,  and  serve  as  a  fldor.  The  sides  and 
dome  of  the  cone  arc  to  be  nine  inches  thick — the  sides  to  be 
done  in  steened  brickwork,  i.  e.  without  morl.Tr.  and  wrought 
at  right  angles  to  the  face  of  the  work  :  the  filling  in  behind 
should  be  with  gravel,  loose  stones,  or  brickbats,  that  the  water 
which  drains  through  the  sides  may  the  more  easily  escape  into 
the  well.  The  doors  of  the  ice  house  should  be  made  as  close 
as  possible,  and  bundles  of  straw  pla-^cd  always  before  the 
inner  door  to  keep  out  the  air. 

Description  of  the 
parts  referred  to  by 
the  letters  :  — a,  the 
line  first  dug  out  ;  b, 
the  brick  circum- 
ference of  the  cell  ; 
r.  the  diminution  of 
the  cell  downwards; 
(i,  the  lesser  diameter 
of  the  cell ;  e.  the  cart 
wheel  or  joists  and 
hurdles  ;  /,  the  piers 
to  receive  the  wheel 
or  floor  ;  g,  the  prin- 
cipal receptacle  for 
straw ;  A,  the  inner 
passage ;  i.  the  first 
entrance  ;  k,  tlie  out- 
er door,  passages 
having  a  separate 
door  each  ;  /,  an  air 
trap,  as  in  the  upper 
figure  ;  m,  the  well ; 
n,  the  profde  of  the 
piers  ;  0,  the  ice  filled  in  ;  ;>,  the  height  of  the  cone  ;  q,  the  dome 
worked  in  two  lialf-brick  arches;  r,  the  arched  passage;  *, 
6  M 
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the  door-wajs  inserted  in  the  walls  ;  t,  the  floor  of  the  passage  r 
u,  an  aperture  through  which  the  ice  may  be  put  into  the  cell. 
This  must  be  covered  next  the  crown  of  the  dome,  aud  tlien 
filled  in  with  the  earth,  .r,  the  sloping  door,  aga-nst  which  the 
straw  should  be  laid.  Tlie  ice,  when  to  be  put  in,  should  be 
collected  during  the  frost,  broken  into  small  pieces,  and  ram- 
med down  hard  in  strata  of  not  more  than  a  foot,  in  order  to 
make  it  one  complete  body  ;  the  care  in  putting  it  in,  and  well 
ramming  it,  tends  much  to  its  preservation.  lu  a  season 
when  ice  is  not  to  be  had  in  sullicient  quantities,  snow  may  be 
substituted. 

Mode  of  filling  the  House. — When  the  ice',  or  snow,  if  ice 
cannot  be  procured,  is  put  into  the  house,  it  must  be  well 
beaten  down  with  a  pavier's  rammer,  or  mallet,  and  the  surface 
always  kept  concave ;  by  this  means  any  snow  or  ice  that  may 
melt  will  run  to  the  middle,  or  interstices,  and  freeze.  For 
the  same  reason,  the  surface  of  the  ice  ought  always  to  be  kept 
concave  when  ice  is  taken  out  for  use. 

Should  the  frost  be  very  intense,  when  the  ice  house  is  get- 
ting filled,  it  may  be  very  beneficial  at  the  close  of  each  day's 
filling  to  throw  in  30  or  40  pails  full  of  water,  which  will  fill  the 
jnstertices  and  freeze. 

When  the  house  is  full,  spread  upon  the  concave  surface 
a  carpet,  or  sail,  split  up  the  middle,  and  put  upon  the  top 
thereof  a  foot  thick  of  straw. 

When  ice  is  required  for  the  use  of  the  family,  or  when  it  is 
necessary  to  put  in  fresh  meat  to  lie  on  the  face  of  the  ice  for 
preservation,  or  to  take  out  for  use,  the  straw  and  carpet,  or 
sail,  to  be  opened  at  the  middle. 

Should  rats  infest  the  place,  an  iron  wire  frame  or  case  may 
be  required  to  put  the  meat  or  fish,  &c.  into,  when  lying  on  the 
ice. 

A  small  open  surface  drain  ought  to  be  dug  round  the  house, 
to  prevent  any  water  running  into  it. 

Opening  the  door  of  the  house  does  little  harm.  Damp  or 
dense  substances  touching  the  ice  is  much  more  prejudicial 
than  dry  air. 

ICH  DIEN,  a  motto  of  the  Prince  of  Wales's  arms,  signify- 
ing, in  the  High  Dutch,  "  I  serve."  The  three  ostrich  feathers, 
aud  the  motto  Ich  Dicn,  were  worn  by  the  king  of  Bohemia, 
slain  by  the  Black  Prince  in  the  battle  of  Crecy,  aud  were 
adopted  as  a  memorial  of  the  victory. 

ICHNOGRAPHY,  in  Perspective,  the  view  of  any  thing  cut 
off  by  a  plane,  parallel  to  the  horizon,  just  at  the  base  of  the 
object.  Among  painters,  it  signifies  the  descriptions  of  images, 
or  of  ancient  statues  of  marble,  copper,  or  bronze,  of  busts 
and  semi-busts,  of  paintings  in  fresco,  mosaic  works,  and 
ancient  pieces  of  nii.iiature. 

IcHNOGRAPHY,  in  Architecture,  is  a  transverse  or  horizontal 
section  of  a  building,  exhibiting  the  plot  of  the  whole  edifice, 
and  of  the  several  rooms  or  apartments  in  any  story,  together 
with  the  thickness  of  the  walls  and  partitions,  the  dimensions 
of  the  doors,  windows,  chimney  pieces,  recesses,  alcoves, 
the  projections  of  all  columns  and  piers,  with  every  thing 
visible  in  such  a  section. 

ICHTHYOLOGY,  that  part  of  zoology  which  treats  of 
fishes,  their  history,  anatomy,  physiology,  and  habitudes  ;  and 
which  offers  a  systematic  exposition  of  all  the  finny  tribe.  See 
Fishes. 

ICONOCLASTS,  in  Church  History,  an  appellation  given  to 
those  persons  who,  in  ilie  8tli  century,  opposed  image  worship. 

ICOSAHEDRON,  in  Geometry,  one  of  the  regular  platonic 
bodies,  comprehended  under  twenty  equal  triangular  sides  or 
faces.  Or,  an  icosahedron  may  be  conceived  to  consist  of 
twenty  equal  triangular  pyramids,  whose  vertices  or  tops  unite 
in  one  common  point,  which  will  be  the  centre  of  the  circum- 
scribing sphere. 

To  find  the  Surface  and  Solidity  of  an  Icosahedron,  the  Side  of 
one  of  Its  equal  Faces  being  yiven. — Let  s  represent  the  given 
side ;  then  will 


surface  =  5«'  s/  3 


=  8GG02o403s' 


/  7  -H  3  ^/  5 
sohdity  =  |s'  V — =  2-1816950s= 

The  Radius  of  the  Sphere  circumscribing  an  Icosahedron  being 


given,  to  find  its  Side  or  Linear  Edge,  SurJ\ict,  and  Solidity. — 
Let  R  represent  the  given  radius,  then  will 

side :z:  R  >/( ■— ) 

surface  =  2  R^  (5  V  3  —  V  15) 

solidity =z  f  R^  V  (10  -)-  2  y'  5) 

Or  putting  r  to  represent  the  radius  of  the  inscribed  sphdre, 
yve  shall  have 

side =  )•  V  (42  —  1 8  s/  6, 

surface =.  2r^7  ^  3  —  S  ^/  \6) 

solidity =   10  j-a  (7  v'  3  —  3  V  15) 

Or  writing  s  for  the  side,  we  have 

radius  cireum.  sphere  =z  JsV  ( 5 ) 

radius  msorib.  sphere  =  ^ss/  \ — -- — J 

IDES,  in  the  Roman  Calendar,  yvere  certain  days  in  each 
month,  which  commenced  on  the  fifteenth  day  of  March,  May, 
.July,  and  October,  bu!  on  the  thirteenth  in  all  the  other  months. 
The  Romans  had  also  the  kalends  and  nones.  The  first  day  of 
the  month  was  called  kalenda- ;  and  the  7th  of  ALarch,  May, 
July,  and  October,  was  called  the  nonif  ;  but  in  all  the  other 
months  of  the  year  the  6th  was  called  the  nonrr.  In  reckoning 
they  went  back,  as  is  shewn  in  the  following  table. 

A  Table  of  the  Kalends,  Aones,  and  Ides. 


Days  of 

April,  June, 

January, 

March, 

the 

September, 

Aogust, 

May,  Julj, 

February. 

Moiitli. 

November. 

December. 

October. 

I 

Kalenda^ 

Kalenda;. 

Kalendpe. 

Kalendae. 

2 

IV.  }  No- 

IV. )  No- 

VI.  ~)  2; 

IV   ^  No- 

3 

ll  1.  1  nas. 

III.  S  uas. 

V.     f   0 

111.  S  nas. 

4 

Prid.  Non. 

Prid.  Non. 

IV.   I  S 

Prid.  Non. 

5 

Nonae. 

Nona;. 

111.  J  ■ 

Nonfe. 

C 

VIII.  A 

VIII.  A 

Prid.  Non. 

VIII.  -\ 

7 

VII.    » 

VII.   J 

Nona;. 

VII.  / 

8 

M.    Is 

VI.    f  S 

VIII.  x 

VI.  1.2 

9 

V.     (    S 

V.    (  5 

VI >•  /  ^ 

V.      /   = 

10 

IV.    V 

IV.  \  ■ 

VI.    I,  S 

IV.  \  ■ 

11 

Ul.^ 

III.  y 

V.    (   S 

111.  ^ 

12 

Prid.  Id. 

Prid-  Id. 

IV.   \  ■ 

Prid.  Id. 

13 

Idus. 

Idus. 

III.  ^ 

Idus. 

14 

XVIIl."! 

XIX. 

] 

Prid.  Id. 

XVI.     "] 

13 

XVII. 

XVIII. 

Idus. 

XV. 

16 

XVI. 

XVII. 

XVII. "■ 

XIV. 

17 

XV. 

XVI. 

x\  1. 

XIII. 

18 

XI  v. 

XV. 

XV. 

XII. 

0 

19 

XIII. 

0 

XIV. 

XIV. 

XI. 

2L 

20 

XII. 

u 

XIll. 

0 

a: 

XIII. 

X. 

n 

1  a 

21 

XI. 

0 

XII. 

n> 

XII. 

n 

IX. 

22 

X. 

»* 

XI. 

>i. 

JS-I. 

VIII. 

X 

23 

IX. 

y> 

X. 

X. 

^-  3 

VII. 

24 

VIII. 

IX. 

IX. 

sT 

VI. 

25 

VII. 

Mil. 

VIII. 

" 

V. 

26 

VI. 

VII. 

VII. 

IV. 

27 

V. 

VI. 

VI. 

III.    J 

28 

IV. 

V. 

V. 

Prid.  Kal. 

29 

III.  - 

IV. 

IV. 

Martii. 

30 

Prid.  Kal. 

III.  J 

III.  J 

31 

Mens.  Seq. 

Prid.  Kal. 
Mens.  Seq. 

Prid.  Kal. 
Mens.  Seq. 

IDENTITY,  denotes  that  by  which  a  thing  is  itself  and  not 
any  thing  else. 

IDIOM,  among  grammarians,  properly  signifies  the  peculiar 
genius  of  each  language,  but  is  ortcn  used  in  a  synonymous 
sense  with  dialect. 

IDIOSYNCRASY,  among  physicians,  denotes  a  peculiar 
temperament  of  body,  whereby  it  is  rendered  more  liable  to 
certain  disorders  than  persons  of  a  different  constitution 
usually  are. 

IDIOTS,  in  Law.     An  idiot  is  a  fool   or  madman  from   his 
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nalivify.  According  to  the  statute  of  17  Edward  II.  c.  9,  tlie 
king  shall  have  the  custody  of  the  lauds  of  natural  fiiols,  taking 
the  profits  of  them  without  waste  or  destruction,  and  shall  find 
them  necessaries.  And  after  the  death  of  them  he  shall  render 
it  to  the  right  heir.  lint  it  seldom  happens  that  a  jury  finds  a 
man  an  idiot  from  his  nativity,  but  only  nun  conipus  mentis, 
from  some  particular  time  ;  in  which  case  he  comes  under  the 
denomination  of  a  lunatic,  of  w  hose  lands  the  king  shall  not 
liave  the  profit,  but  is  accountable  for  the  same  to  the  lunatic 
when  he  comes  to  his  right  mind,  or  to  his  '"xccutors  or  admi- 
nistrators. An  idiot,  or  person  nvn  compos,  may  inherit  and 
purchase  ;  and  if  he  marry  and  die,  his  « ife  shall  be  endowed. 
It  is  a  general  rule,  tliat  idiots  and  lunatics  being  incapable  of 
judging  between  good  and  evil,  are  punishable  by  no  criminal 
prosecution  whatsoever.  Acts  solemnly  acknowledged  by  them 
in  a  court  of  record,  as  fines  and  recoveries,  and  the  uses  de- 
clared on  them,  are  good,  and  cannot  be  avoided  by  themselves 
or  representatives.  But  during  their  lunacy,  they  are  incapa- 
ble of  making  any  will  or  testament,  as  are  also  persons  grown 
childish  from  extreme  old  age.  When  an  idiot  sues  or  defends 
he  must  appear  :  but  a  lunatic  shall  appear  by  guardian  or  by 
attorney. 

IGNIS  Fatuus,  a  common  meteor,  chiefly  seen  in  dark 
nights,  frequenting  meadows,  marshes,  and  other  moist  plac'cs, 
and  often  seen  in  burying-grounds  and  near  dunghils.  It  is 
known  among  the  country-people  by  the  nppelation  of  Will  with 
a  Wisp  and  Jack  with  a  Lantern.  Sir  Isaac  Newton  calls  it  a 
vapour  shining  without  heat ;  and  it  has  been  supposed  to  be 
of  the  same  nature  with  the  light  issuing  from  putrescent  sub- 
.stances.  Willoughby  and  Ray  were  of  opinion  that  it  is  occa- 
sioned by  shining  insects  ;  but  all  the  appearances  of  it  ob- 
served by  Dr.  Derham,  Beccaria,  and  others,  sufliciently  evime 
that  it  must  be  an  ignited  vapour.  The  form  and  size  of  the 
iynesfatui  are  very  various  and  often  variable.  The  late  expe- 
riments on  air  serve  to  furnish  a  rational  explication  of  this  phe- 
nomenon, to  which  the  ignorant  and  superstilious  have  ascribed 
so  many  alarming  purposes.  Inflammable  air  has  been  found  to 
be  the  mostcommon  of  all  the  factitious  airs  in  nature,  and  to  be 
the  usual  product  of  the  putrefaction  and  decomposition  of  ve- 
getable substances  in  water;  and  Signior  Volta,  in  a  letter  to 
Dr.  Priestley,  informs  him  that  he  fires  indannnable  air  by  the 
electric  spark,  even  when  the  electricity  is  very  moderate;  and 
he  supposes  that  this  experiment  explains  the  inllammalion  of 
the  ignesfatid,  provided  they  consist  of  inllammahlc  air  issuing 
from  marshy  ground,  by  the  help  of  the  electricity,  of  fogs,  and 
by  falling  stars,  which  are  very  probably  thought  to  have  an 
electrical  origin. 

Dr.  Shaw  describes  an  ignis  fatuus,  which  he  saw  in  the 
Holy  Land,  that  was  sometimes  globular,  or  in  the  form  of  the 
flame  of  a  candle,  and  immediately  afterwards  spread  itself  so 
much  as  to  involve  the  whole  con)pany  in  a  pale  inollensive 
light,  and  then  contract  itself  again,  and  suddenly  disappear. 
But  in  less  than  a  minute  it  would  become  visible  as  before  ; 
or,  runniug  along  from  one  place  to  another  with  a  swift  pro- 
gressive motion,  would  expand  itself  at  certain  intervals  over 
more  than  two  or  three  acres  of  the  adjacent  mountains. 
The  atmosphere  at  this  time  had  been  thick  and  hazy  ;  and  the 
dew  on  their  bridles  was  usually  clammy  and  unctuous.  At 
sea  also,  in  similar  weather,  he  observed  those  electrical 
luminous  appearances  skip  about  the  masts  and  yards  of  ships, 
and  which  may  also  frequently  be  seen  playing  at  night  on  the 
arms  of  soldiers  encamped  in  low  grounds. 

IGNITION,  the  application  of  fire  to  metals,  till  they  become 
red-hot  without  melting.  Ignition  takes  place  in  gold,  silver, 
and  iron  ;  but  lead  and  tin  melt  before  they  are  red-hot. 

ILEX,  in  Botany,  holly,  a  genus  of  the  tetrandria  tetragynia 
class  and  order. — Natural  order  of  Dumosie.  Khamni,  Jussieu. 
There  are  sixteen  species.  This  genus  consists  of  small  trees, 
shrubs  with  alternate  leaves,  evergreen,  toothed,  or  thorny  ;  and 
axillary,  many-dowered  peduncles.  I. Aquifolium,  common  holly, 
isusually  from  twenty  to  thirty  feetin  height,  though  it  sometimes 
exceeds  sixty  feet.  The  holly  makes  an  impenetrable  fence, 
and  bears  cropping  well,  nor  does  its  verdure  suller  from  the 
severest  of  our  winters.  The  wood  is  the  whitest  of  all  hard 
woods.  Sheep  and  deer  arc  fed  during  the  winter  with  the 
eroppings.    Birds  eat   the  berries. — The  bark  fermented  and 


afterwards  washed  from  the  woody  6bres,  makes  the  commoo 
birdlime. 

ILIAC  Passion,  a  violent  dangerous  kind  of  cholic  ;  called 
a\sn  Vttlvulus,  tniserere  inei,  and  cliorilapsus.  It  takes  its  name 
from  the  intestine  ilioii,  on  account  of  its  being  usually  affected 
in  this  distemper;  or  perhaps  from  the  Greek  verb  nKiiv,  "  to 
wind  or  t«ist;"'  whence  also  the  Latins  call  it  ralnilus. 

ILLEC'EBHUM,  a  genus  of  plants  belonging  to  the  pentaii- 
dria  class,  and, in  the  natural  method  ranking  under  the  I2th 
hdlnracea?. 

ILLICIUM,  a  genus  of  |)lants  belonging  to  the  drcandria 
class;  and  in  the  natural  method  ranking  with  those  of  which 
the  order  is  doubtful. 

ILLUMINATING,  a  kind  of  miniature  painting,  anciently 
much  practised  for  illustrating  and  adorning  books.  Besides 
the  writers  of  books,  there  «ere  artists  whose  profession  was 
to  ornament  and  paint  manuscripts,  who  were  called  illumina- 
tors ;  the  writers  of  books  first  finished  their  part,  and  the 
illuminators  emhcllished  them  with  ornamented  letters  and 
paintings.  We  frequently  find  blanks  left  in  manuscripts  for 
the  illuminators,  which  were  never  filled  up.  Some  of  the 
ancient  manuscripts  are  gilt  and  burnished  in  a  style  superior 
to  later  times.  Their  colours  were  excellent,  and  their  skill  in 
preparing  them  must  have  been  very  great. 

ILLUMINATION,  that  which  results  from,  or  the  effect  of. 
a  luminous  body. 

IMAGE,  in  Optics,  is  the  appearance  of  an  objert  made 
either  by  reflection  or  refraction.  See  Lens,  Mirkok,  Reflec- 
tion, and  RrFii.vCTiON. 

IM.VGK,  in  a  religious  sense,  is  an  artificial  representation 
or  similitude  of  some  person  or  thing,  used  either  by  way  of 
decoration  and  ornament,  or  as  an  object  of  religious  worship 
and  adoration  ;  in  which  last  sense  it  is  used  indiderently  with 
the  wiird  Idol.  The  noble  Romans  preserved  the  images  of 
their  ancestors  nitli  a  great  ileal  of  care  and  concern,  and  had 
then!  carried  in  procession  at  their  funerals  and  triumphs ; 
these  were  commonly  made  of  wax,  or  wood,  thou  ih  sometimes 
of  marble  or  brass.  They  placed  them  in  the  vestibule  of  t.ieii 
houses  ;  and  they  were  to  stay  there,  even  if  the  houses  hap 
pencd  to  be  sold,  it  being  accounted  impious  to  displace  them 

iMAfir,  in  Rhetoric,  also  signifies  a  lively  description  of  any 
thing  in  discourse. 

I.MAGKS,  in  discourse,  are  defined  by  Longinus  to  he.  in  gene- 
ral, any  thoughts  proper  to  produce  expressions,  and  which 
present  a  kind  of  picture  to  the  mind.  But  in  the  more  limited 
sense,  he  says,  images  are  such  discourses  as  come  from  us, 
when,  by  a  kind  of  enthusiasm,  or  an  extraordinary  emotion  of 
the  soul,  we  present  them  before  the  eyes  of  those  who  hear  us. 

Imagf.s,  in  Rhetoric,  have  a  very  diderent  use  from  what 
they  have  among  the  poets;  the  end  principally  proposed  in 
poetry  is,  astonishment  and  surprise ;  whereas  the  thing  chiedy 
aimed  at  in  prose,  is  to  paint  things  naturally,  and  to  shew 
tlicm  clearly.  They  have  this,  however,  in  common,  that  they 
both  tend  to  move,  each  in  its  kind. 

These  Imayes  or  Pictures  are  of  vast  use  to  give  weight,  mag- 
nificence, and  strength,  to  a  discourse.  They  warm  aud  ani- 
mate it;  and  when  managed  with  art,  according  to  Longinus, 
seem,  as  it  were,  to  tame  and  subdue  the  hearer,  and  put  him 
in  the  power  of  the  speaker. 

IMAGIN.VRY  Ql'ANTiTiEs.or /ni7)o«i7;/e  Quantities,  in  .\lge- 
bra,  are  certain  expressions  that  arise  in  various  alcebraical 
and  trigonometrical  operations,  to  which  no  value  dtlirr  ra- 
tional orirralional  can  be  assigned,  yet  being  substituted  in  the 
equation  whence  they  were  deduced,  they  are  found  to  answer 
the  condition  of  the  ((uesiion. 

IMAGIN.\TION,  a  power  or  faculty  of  the  mind,  wherebs  it 
conceives  and  forms  ideas  of  things  communicated  to  it  b>  the 
outward  organs  of  sense.  Though  the  fancy  and  the  imagiua- 
tion  are  neaily  allied,  yet  these  faculties  are  distinct. 

IMAM,  or  Iman,  a  minister  in  the  Mahometan  church, 
answering  to  a  parish  priest  among  us.  The  word  properly 
signifies  what  we  call  a  prelate,  antislcs,  one  who  presides  over 
others  ;  but  the  Mnssnlmen  fre<|uently  apply  it  to  a  per.son 
who  has  the  care  and  inlcndancy  of  a  mosque,  who  is  always 
first  there,  and  reads  prayers  to  the  people,  which  they 
repeat  after  him.     Imam  is  also  applied,  by  way  of  excelleucc, 
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to  the  four  chiefs  or  founders  of  the  four  principal  sects  in  the 
Mahometan  relipion.  Thus,  Ali  is  tlie  Imam  of  tlie  Persians, 
or  of  the  sect  of  the  Schiates  ;  Abu-beker  the  Imam  of  the 
Sunites,  which  is  the  sect  followed  by  the  Turks  ;  Saphii  or 
Sif-i'.  the  Imam  of  another  sect,  &c. 

IMBECILITY,  a  languid  infirm  slate  of  the  body,  which 
beias  S''^-*'')'  impaired,  is  not  able  to  perform  its  usual  exer- 
cises and  functions. 

IMBEZZLE,  sig;nifies  to  steal  or  secrete  ccoods,  &c.  intrusted 
to  a  person's  charg;e.  Servants  embezzling  their  masters' 
goods  to  the  value  of  40s.  are  guilty  of  felony,  and  subject  to 
transportation. 

IMBIBING,  llie  action  of  a  dry  porous  body,  that  absorbs  or 
takes  up  a  moist  or  tluid  one:  thus  sugar  imbibes  water  ;  a 
sponge,  the  moisture  of  the  air,  SiC. 

IMBRICATED,  is  used  by  some  botanists,  to  express  the 
figure  of  the  leaves  of  some  plants  which  are  hollowed  like  an 
imbrex,  or  gutter-tile,  or  are  laid  in  close  series  over  one 
another  like  the  tiles  of  a  house. 

IMITATION,  derived  from  tiie  Latin  imitate,  "  to  repre- 
sent or  repeat,"  a  sound  or  action,  either  exactly  or  nearly  in 
the  same  manner  as  they  were  originally  exhibited. 

Imi  rATioN,  in  Music,  admits  of  two  ditferent  senses  ;  sound 
and  motion  are  either  capable  of  imitating  themselves  by  a 
repetition  of  their  own  particular  modes,  or  of  imitating  other 
objects  of  a  nobler  and  more  abstracted  nature. 

Imitation,  in  Oratory,  is  an  endeavour  to  resemble  a 
speaker  or  writer,  in  those  qualities  v\ith  regard  to  which  we 
propose  them  to  ourselves  as  patterns.  The  first  historians 
among  the  Romans,  says  Cicero,  were  very  dry  and  jejune,  till 
they  began  to  imitate  the  Greeks,  and  then  they  became  their 
rivals.  It  is  well  known  how  closely  Virgil  has  imitated 
Homer  in  his  .-Eneid,  Hesiod  in  his  Georgies,  and  Theocri- 
tus in  his  Eclogues.  Terrenee  copied  after  Menander ;  and 
Plautus  after  Epicarmus,  as  we  learn  from  Horace,  lib.  ii. 
ad  Augus.  who  himself  owes  many  of  his  beauties  to  the 
Greek  Ijric  poets.  Cicero  appears,  from  many  passages  in 
his  writings,  to  have  imitated  the  Greek  orators.  Thus  l^uiu- 
tilian  says  of  him,  that  he  has  expressed  the  strength  and  sub- 
limity of  Demosthenes,  the  copiousness  of  Plato,  and  the 
delicacy  of  Socrates. 

IMITATIVE,  in  Music,  a  term  applicable  to  that  music  which 
is  composed  in  imitation  of  the  eflects  of  someof  the  operations 
of  nature,  art,  or  human  passion. 

IMMATERIAL,  something  devoid  of  matter,  or  that  is  pure 
spirit. 

IMMEMORIAL,  in  Law,  an  epithet  given  to  the  time  or  du- 
ration of  any  thing  whose  beginning  we  know  notliing  of.  In  a 
legal  sense,  a  thing  is  said  to  be  of  time  immemorial,  that  was 
before  the  time  of  King  Edward  II. 

IMMENSITY,  an  unlimited  extension,  or  which  no  finite 
and  determinate  space,  repeated  ever  so  often,  can  equal. 

IMMERSION,  in  Astronomy,  is  when  a  planet,  comet,  or 
otiier  heavenly  body  approaches  so  near  to  conjunction  with  the 
sun,  that  it  is  enveloped  in  bis  rays,  and  lost  to  our  observation. 
Immersion  also  denotes  the  beginning  of  an  eclipse,  or  of  an 
occulti^tion,  when  the  body  or  any  part  first  begin  to  disappear, 
either  behind  another  body  or  in  its  shadow  ;  as  in  an  eclipse 
of  the  sun,  when  the  disc  is  first  covered  by  the  edge  of  the 
moon  ;  or  as  in  an  eclipse  of  the  latter  body,  when  she  first 
enters  the  terrestrial  shadow. 

IMMUTABILITY,  one  of  the  divine  attributes.  The  immu- 
tability of  God  is  two-fold,  physical  and  moral.  The  first  con- 
sists in  this,  that  the  divine  essence  does  not,  nor  possibly  can, 
receive  any  alteration  ;  and  the  moral  immutability  is  founded 
on  the  perfection  of  his  nature,  whereby  he  always  wills  the 
same  things,  or  such  as  are  best  on  the  whole. 

IMPALPABLE,  that  whose  parts  are  so  extremely  minute 
that  they  cannot  be  distinguished  by  the  senses,  particularly  by 
that  of  feeling. 

IMPANNELING,  in  Law,  signifies  the  writing  down  or 
entering  into  parchment  list,  or  schedule,  the  names  of  a  jury 
summoned  by  the  sherilf  to  appear  for  such  public  services 
as  juries  are  employed  in. 

IMPARL  VNCE,  in  Law,  a  petition  in  court  for  a  day  to 
consider  or  ad'iise  what  answer  the  defendant  shall  make  to 


the  plaintiff's  action,  and  is  the  continuance  of  the  cause  till 
another  day,  or  a  longer  lime  given  by  the  court. 

IMPASSIBLE,  that  which  is  exempt  from  suffering;  or 
which  cannot  undergo  pain  or  alteration.  The  Stoics  place  the 
souls  of  their  wise  men  in  an  impassible,  imperturbable  slate. 

IMPASTATION,  the  mixture  of  various  materials  of  differ- 
ent colours  and  consistencies,  baked  or  hound  together  with 
some  cement,  and  hardened  either  by  the  air  or  by  fire. 

IMPATIENS,  Toucli-me-not ,  and  lialsamine,  a  genus  of 
plants  belonging  to  the  syngenesia  class;  and  in  the  natural 
method  ranking  under  the  24th  order,  corydales. 

IMPEACHMENT,  an  accusation  and  prosecution  for  trea- 
son, and  other  crimes  and  misdemeanours.  Any  mendier  of 
the  lower  house  of  parliament  may  impeach  any  one  belonging 
either  to  that  body  or  to  the  bouse  of  lords.  The  method  of 
proceeding  is  to  exhibit  articles  on  the  behalf  of  the  commons, 
by  whom  managers  are  appointed  to  make  good  tlieir  charge. 
These  articles  are  carried  to  the  lords,  by  whom  every  person 
impeached  by  the  commons  is  alwajs  tried;  and  if  they  find 
him  guilty,  no  pardon  under  the  great  seal  can  be  pleaded  to 
such  an  impeachment,  12  William  III.  cap  2.  The  most  cele 
brated  impeachment  in  our  own  times  was  that  of  the  late 
Warren  Hastings. 

Impeachment  of  Waste,  signifies  a  restraint  from  com- 
mitting of  a  waste  upon  lauds  and  tenements 

IMPEDIMENTS,  in  Law,  are  such  hinderances  as  put  a 
stop  or  stay  to  a  person  seeking  for  his  right  by  due  course  of 
law.  Persons  under  impediments,  are  those  under  age  or 
coverture,  7wn  compos  mentis,  in  prison,  beyond  the  sea.  Sec.  &c. 
who,  by  a  saving  in  our  laws,  have  time  to  claim  and  prose- 
cute their  rights,  after  the  impediments  are  removed,  in  case  of 
fines  levied,  &c. 

IMPENETRABILITY,  forms  a  discriminating  feature  of 
body.  This  principle  is  commonly  regarded  as  an  axiom,  but  it  is 
a  truth  derived  from  early  and  invariable  experience.  It  rests 
on  the  incontrovertible  fact,  that  no  tw  o  bodies  can  occupy  the 
same  space  in  the  same  precise  instant  of  time.  Had  the  case 
indeed  been  otherw  ise,  each  body  might  be  successively  ab- 
sorbed into  the  substance  of  another,  till  the  h  hole  frame  of  the 
universe,  collapsing  into  a  point,  were  lost  in  the  vortex  of 
annihilation.  But  although  the  most  palpable  observation 
sufficiently  attests  the  impossibility  of  the  mutual  compenetra- 
tion  of  bodies,  yet  this  property  may  he  farther  illustrated  and 
confirmed  by  a  few  simple  experiments.  1.  A  vessel  being  fill- 
ed to  the  brim  with  water,  if  any  solid  incapable  of  dissolving 
in  that  liquid,  be  plunged  in  it,  a  portion  of  the  water  will  over- 
flow, exactly  equal  to  the  bulk  of  the  wood  or  metal  immersed. 
2.  If  a  cylinder  be  gradually  pressed  downwards  into  a  glass 
c\  Under  partly  filled  with  water,  the  liquid  will  rise  proportion- 
ally, till  the  space  passed  over  by  its  surface  shall  be  equal 
to  the  portion  of  the  cylinder  introduced.  These  two  experi- 
ments shew  that  water  opposes  the  entrance  of  a  solid  sub- 
stance, and  retires  on  all  sides  to  give  room  for  its  advance. 
Simple  as  the  fact  appears,  it  was  first  distinctly  noticed  by 
Archimedes,  who  made  it  the  ground  of  his  bjdrostatical  theory. 
The  same  truth  is  evinced  by  other  experiments.  3.  If  a 
cork  be  rammed  hard  into  the  neck  of  a  phial  filled  witli  w  ater, 
the  phial  will  burst,  while  its  neck  remains  entire.  4.  Bladders 
filled  with  water,  and  disposed  upon  a  table,  will  siip|!ort  very 
large  weights  placed  on  a  board  which  has  been  laid  over  them. 
5.  The  same  experiment  will  equally  succeed  with  bladders 
blown  full  of  air.  6.  The  disposition  of  the  air  to  resist  all 
penetration  is  made  conspicuous  in  another  way.  Let  a  large 
and  very  tall  glass  vessel  be  nearly  filled  with  water,  on  the 
surface  of  which  a  lighted  taper  is  set  to  float  ;  if,  over  this 
glass,  a  smaller  cylindrical  vessel,  likew  ise  of  glass,  be  inverted 
and  pressed  downwards,  the  contained  air  maintaining  its  place, 
the  internal  body  of  the  water  will  descend,  while  the  rest  will 
rise  up  at  the  sides,  and  the  taper  will  appear  for  some  seconds 
to  hum,  encompassed  by  tlie  whole  mass  of  liquid. 

IMPERATIVE,  one  of  the  moods  of  a  verb,  used  when  we 
would  eomniand,  entreat,  or  advise. 

IMPERFECT,  something  that  is  defective,  or  that   wants 
some  of  the  properties  found  in  other  beings  of  the  saLne  kind  : 
thus  mosses  arc  called  imperfect  plants,  because  almost  all 
.  the  parts  of  fructification  are  wanting  in  them. 


IMP 


DICTIONARY    OF    MECHANICAL   SCIENCE. 


IMP 


>03 


Imperfect  Numbers,  such  whose  aliquot  parts  taken  topcether 
do  either  exceed  or  fail  short  of  thatwiiole  nuiiilier  ot  uliicb 
they  are  parts;  they  are  either  abuudaut  or  dcheiciit. 

IMPETIGENES,  in  Medicine,  descriptive  of  tliose  disorders 
which,  from  a  general  had  liabit,  nianiftst  themselves  principal- 
ly by  disfiguring  the  skin  and  external  parts  of  the  body. 

IMPETUS,  in  Mechanics,  the  force  with  which  one  body  im- 
pels or  strikes  another. 

IMPLEAD,  to  sue  or  prosecute  by  course  of  law. 

IMPLICATION,  in  Law,  is  whoa  sonielIii:ig  is  implied  that 
is  not  expressed  by  the  parties  themselves  in  tlitir  deeds,  con- 
tracts, or  agreements. 

IMPLY,  To,  or  Carrv,  in  Music.  These  we  have  used  as 
synonymous  terms  in  that  article.  They  are  inttiided  to  sig- 
nify those  sounds  whic;h  ought  to  be  the  proper  concomitants 
of  any  note,  whether  by  its  own  nature,  or  by  its  position  in 
artificial  harmony.  Thus  every  note,  considered  as  an  inde- 
pendent sound,  may  be  said  to  carry  or  imply  its  natural  har- 
monies, that  is  to  say,  its  octave,  its  twelfth,  and  its  seven- 
teenth; or,  when  reduced,  its  eighth,  its  fifth,  and  its  third. 
Bui  the  same  sound,  when  considered  as  constituting  any  part 
of  harmony,  is  subjected  to  other  laws  and  dillcrent  limitations. 
It  can  only  be  said  to  carry  or  imply  such  simple  sounds,  or 
complication  of  sound,  as  the  preceding  and  subsequent  chords 
admit  or  require.  For  these  the  laws  of  melody  and  harmony 
must  be  consulted.     See  MicLODY  and  HARtaoNY. 

IMPONDERABLE  Substances,  are  light  heat,  and  electri- 
city,  which  have  no  sensible  weight. 

IMPORTATION,  the  act  of  bringing  goods  into  a  country 
from  foreign  parts.  It  has  generally  been  considered,  that  for 
any  country  to  carry  on  a  profitable  trade,  it  is  necessary  that 
the  value  of  the  goods  sent  out  of  it  should  be  greater  than  that 
of  the  articles  imported;  this,  however,  is  a  very  eroneous 
axiom,  unless  it  is  understood  with  great  limitations.  All  arti- 
cles of  merchandise  imported  merely  for  re-exportation,  and 
also  snch  as  are  used  or  worked  up  in  our  own  manufactures, 
are  far  from  being  hurtful  to  our  commerce,  and  may  even,  in 
many  respects,  be  deemed  of  C(iual  profit  with  our  own  native 
commodities.  It  is  therefore  an  excess  of  such  importations 
alone,  as  are  either  for  mere  luxury  or  mere  necessity,  or  for 
both  together,  which  is  disadvantageous  to  the  country. 

IMPOST,  in  Architecture,  a  capital  or  plinth  to  a  pillar  or 
pilaster,  or  pier  that  supports  an  arch,  Sec. 

Impost,  in  Law,  signifies,  in  general,  a  tribute  or  custom, 
but  is  more  particularly  applied  to  signify  th;it  tax  which  the 
crown  receives  for  uierchauuises  imported  into  any  port  or 
haven. 

IMPOSTRUMB,  or  Abscess,  a  collection  of  matter  or  pus 
in  any  part  of  the  body,  either  owing  to  an  obstruction  of  the 
fluids  in  that  part,  which  makes  them  change  into  such  matter, 
or  a  translation  of  it  from  some  other  part,  where  it  was  gene- 
rated. 

IMPOSTOR,  in  a  general  sense,  denotes  a  person  who 
cheats  by  a  fictitious  character. 

Impostors,  lieliyious,  are  such  as  falsely  pretend  to  an 
extraordinary  commission  from  heaven,  and  who  terrify  and 
abuse  the  people  with  false  denunciations  of  judgments.  These 
are  punishable  in  the  temporal  court  with  fine,  imprisonment, 
and  infamous  corporal  punishment. 

IMPOTENCE,  or  Impotency,  in  general,  denotes  want  of 
strength,  power,  or  means  to  perform  any  thing.  Divines  and 
philosophcps  distinguish  two  sorts  of  impotency;  natural  and 
moral.  The  first  is  a  want  of  some  physical  principle,  neces- 
sary to  an  action  ;  or  where  a  being  is  absolutely  defective,  or 
not  free  and  at  liberty  to  act:  the  second  only  imports  8  great 
dilficulty  ;  as  a  strong  habit  to  the  contrary,  violent  passion,  or 
the  like. 

IMPRECATION,  (derived  from  im  and  precor,  "I  pray,") 
a  curse,  or  wish  that  some  evil  may  befall  any  one.  The 
ancients  had  their  goddesses  called  imprecations,  in  Latin 
Dira,  i.  c.  Deoriim  ira,  who  were  supposed  to  be  the  execu- 
tioners of  evil  consciences.  They  were  called  Dira>  in  heaven, 
Furies  on  earth,  and  Bunienides  in  hell.  The  Romans  oaneil 
but  three  of  these  imprecations,  and  the  Greeks  only  two. 
They  invoked  them  with  prayers  and  pieces  of  verses,  to  destroy 
their  enemies. 
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IMPREGNATION,  the  state  of  a  female  being  with  young. 
See  Conception.  The  term  impregnation  is  also  used  in 
Pharmacy,  for  communicating  the  virtues  of  one  medicine  to 
another,  whether  bj  mixture,  coction,  digestion,  Sec. 

IMPRESSING  Seamen.  The  pov\er  of  impressing  sea- 
faring men  for  the  sea  service  by  the  king's  commission,  has 
been  a  matter  of  some  dispute,  and  submitted  to  with  great 
reluctance ;  though  it  has  very  clearly  and  learnedly  been 
shewn  by  Sir  Michael  Forster,  that  the  practice  of  impressing, 
and  granting  powers  to  the  admiralty  for  that  purpose,  is  of  a 
very  ancient  date,  and  has  been  uniformlj  continued  by  a  regular 
series  of  precedents  to  the  present  time:  h  hence  he  concludes 
it  to  be  part  of  the  common  law.  The  difliculty  arises  from 
hence,  that  no  statute  has  expressly  declared  this  power  to  be 
in  the  crown,  though  many  of  them  very  strongly  imply  it. 
The  statute  2  Rich.  II.  c.  4.  speaks  of  mariners  being  arrested 
and  retained  for  the  king's  service,  as  of  a  thing  well  known, 
and  practised  without  dispute  ;  and  provides  the  remedy 
against  the  running  away.  By  a  later  statute,  if  any  water- 
man, who  uses  the  Thames,  shall  hide  himself  during  the  exe- 
cution of  any  commission  of  pressing  for  the  king's  service,  he 
is  liable  to  heavy  penalties.  By  another,  (o  Eliz.  c.  5.)  no 
fisherman  shall  be  taken  by  the  queen's  commission  to  serve 
as  a  mariner  ;  but  the  commission  shall  be  brought  first  to  two 
justices  of  the  peace  inhabiting  near  the  sea-coast,  where  the 
mariners  are  to  be  taken,  to  the  intent  that  the  justices  may 
choose  out  and  return  such  a  number  of  able-bodied  men,  as  in 
the  commission  are  contained,  to  serve  her  mnjcsty.  And  by 
others,  especial  protections  are  allowed  to  seamen  in  particular 
circumstances,  to  prevent  them  from  being  impressed.  Ferry- 
men are  also  said  to  be  privileged  from  being  imprcs.<ci|,  at 
common  law.  All  which  do  most  evidently  imply  a  power  of 
impressing  to  reside  somewhere  ;  and  if  any  where,  it  must,  from 
the  spirit  of  our  constitution,  as  well  as  from  the  frequent  men- 
tion of  the  king's  commission,  reside  in  the  crown  alone.  After 
all,  however,  this  method  of  manning  the  navy  is  to  be  con- 
sidered as  only  defensible  from  public  necessity,  to  which  all 
private  consideration  must  give  way.  The  follouing  persons 
are  exempted  from  being  impressed  : — Apprentices  for  thre« 
J  ears  ;  the  master,  mate,  carpenter,  and  one  men  for  every  lOit 
tons,  of  vessels  eniplojed  in  the  coal  trade;  all  un<kr  18  years 
of  age,  and  above  55;  foreigners  in  merchant  ships  and  pri- 
vateers ;  landmen  betaking  themselves  to  sea  for  two  years  ; 
seamen  in  the  Greenland  fishery,  and  barpooners.  employed, 
during  the  interval  of  the  fishing  season,  in  the  coal  trade,  and 
giving  security  to  go  to  the  fishing  next  season. 

IMPRESSION,  is  applied  to  a  species  of  objects  which  are 
supposed  to  make  some  mark  or  impression  on  the  senses,  the 
mijid,  and  the  memory.  The  Peripatetics  assert,  that  bodies 
emit  species  resembling  them,  which  ;:rc  conveyed  to  the  com- 
mon senseriutn,  and  they  are  rendered  intelligible  by  the  active 
intellect;  and  when  thus  spiritualized,  are  called  expressions, 
or  express  species,  as  being  expressed  from  the  others. 

Impression,  also  denotes  the  edition  of  a  book,  regarding 
the  mechanical  part  only  ;  whereas,  besides  this,  it  takes  the 
care  of  the  editor,  who  corrected  or  augmented  the  copy,  add- 
ing notes.  Sec.  to  render  the  w  ork  more  useful. 

IMPRISONMENT,  the  state  of  a  person  restrained  of  his 
liberty,  and  detained  unilcr  the  custody  of  another.  No  per- 
son is  to  be  imprisoned  but  as  the  law  directs,  cither  by  the 
command  or  order  of  a  court  of  record,  or  by  lawful  warrant ; 
or  the  king's  process,  on  which  one  may  b'-  lawfcdly  detained. 
And  at  common  law,  a  person  could  not  br  iiiprisoned  unless 
he  were  guilty  of  some  force  and  violence,  for  which  his  body 
was  subject  to  imprisonment,  as  one  of  the  highest  executions. 
Where  the  law  gives  power  to  imprison,  in  such  cases  it  is 
justifiable,  provided  he  that  does  it  in  pursuance  of  a  statute, 
exactly  pursues  the  statute  in  the  manner  of  doing  it  ;  for 
otherwise  it  will  be  deemed  false  impiisonment,  and  of  conse- 
quence it  is  unjustifiable.  Every  wai  runt  of  commiiment  for 
imprisonment  ought  to  run,  "  till  delivered  by  <lue  course  of 
law,"  and  "  not  until  further  order ;"  which  has  hern  held  ill: 
and  thus  it  also  is,  where  one  is  imprisoned  on  a  warrant  not 
mentiiining  any  c:iuse  for  which  he  is  connuittcd.  But  an  act 
of  this  kind  can  rarely  occur  in  Britain. 

False  Imprisonment.  Every  confinement  of  the  person  i* 
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au  imprisonment,  whether  it  be  in  common  prison,  or  in  a  pri- 
vate house,  or  in  the  stocks,  or  even  by  forcibly  detaining  one 
in  the  public  streets.  Unlawful  or  false  imprisonment,  consists 
in  such  confinement  or  detention  without  sufficient  authority  : 
which  authority  may  arise  either  from  some  process  from  the 
courts  of  justice;  or  from  some  warrant  from  a  len;al  power  to 
commit,  under  his  hand  and  seal,  and  expressing  the  cause  of 
such  commitment ;  or  from  some  other  special  cause  warranted, 
for  the  necessity  of  the  thing,  either  by  common  law  or  act  of 
parliament;  such  as  the  arresting  of  a  felon  by  a  private  per- 
son without  warrant,  the  impressing  of  mariners  for  the  public 
service,  or  the  apprehending  of  waggoners  for  misbehaviour  in 
the  public  highways.  False  imprisonment  also  may  arise  by 
executing  a  lawful  warrant  or  process  at  an  unlawful  time,  as 
on  a  Sunday  ;  or  in  a  place  privileged  from  arrests,  as  in  the 
verge  of  the  king's  rourt.  This  is  the  injury.  The  remedy  is 
of  two  sorts,  the  one  removing  the  injury,  the  other  making 
satisfaction  for  it.  The  satisfactory  remedy  for  this  injury  of 
false  imprisonment,  which  is  generally  and  almost  unavoid- 
ably accompanied  w  ith  a  charge  of  assault  and  battery  also,  is, 
that  the  party  therein  shall  recover  damages  for  the  injuries  he 
has  received  ;  and  also  the  defendant  is,  as  for  all  other  injuries 
committed  with  force,  or  vi  et  criiiis,  liable  to  pay  a  fine  to  the 
king  for  tlie  violation  of  the  public  peace. 

IMPROPRIATION,  is  when  a  benefice  ecclesiastical  is  in 
the  hands  of  a  layman,  and  Appropriation  when  in  the  hands  of 
a  bishop,  college,  or  religious  house.  It  is  said  there  are  3S4o 
impropriations  in  England. 

IMPULSE,  a  momentary  action,  or  force,  such  as  that  which 
arises  from  the  sudden  explosion  of  fired  gunpowder,  or  the 
mon.entum  of  a  moving  body. 

IMPULSION,  in  Mechanical  philosophy,  a  terra  employed 
for  expressing  a  supposed  peculiar  exertion  of  the  powers  of 
body,  by  which  a  moving  body  changes  the  motion  of  another 
body  by  hitting  or  striking  it.  The  plainest  case  of  this  action 
is,  when  a  body  in  motion  hits  another  body  at  rest,  and  puts 
it  in  motion  by  the  stroke.  The  body  thus  put  in  motion  is  said 
to  be  impelled  by  the  other;  and  this  way  of  producing  motion 
is  called  impulsion,  to  distinguish  it  from  pression,  pushing,  or 
protrusion,  by  which  we  push  a  body  from  its  place  without 
striking  it.  The  term  has  been  gradually  extended  to  every 
change  of  motion  occasioned  by  the  collision  of  bodies.  See 
Mechanics. 

IMPULSIVE,  relating  to  impulse. 

IMPUTATION,  in  general,  the  charging  something  to  the 
account  of  one  nhicli  belonged  to  another;  thus  the  assertors 
of  original  sin  maintain,  that  Adam's  sin  is  imputed  to  all  his 
posterity.  In  the  same  sense,  the  righteousness  and  merits 
of  Christ  are  imputed  to  true  believers. 

INACCESSIBLE,  that  which  cannot  be  approached  ;  thus 
we  say  inaccessible  heiyht,  distunce,  4'c-  See  Accessible 
Height  and  Distance. 

INALIENABLE,  that  which  cannot  be  legally  alienated  or 
made  over  to  another:  thus  the  dominions  of  the  king,  the 
revenues  of  the  church,  the  estates  of  a  minor,  Jcc.  are  inalien- 
able, otherwise  than  with  a  reserve  of  the  right  of  redemption. 

INARCHING,  in  Gardening,  a  method  of  grafting,  usually 
called  grafting  by  approach. 

INAUGURA'TION,  the  coronation  of  an  emperor  or  king, 
or  the  consecration  of  a  prelate  ;  so  called  from  the  ceremonies 
used  by  the  Romans,  when  tliey  were  received  into  the  college 
of  augurs. 

IN  AUTRE  DROIT,  in  another's  right,  is  where  executors 
or  administrators  sue  for  debt  or  duty,  &.c.  of  the  testator  or 
intestate. 

INCANTATION,  denotes  cert.Tin  ceremonies,  accompanied 
w  ith  a  formula  of  words,  and  supposed  to  be  capable  of  raising 
devils,  spirits,  &c.     See  Charm,  &c. 

INCAPACITY,  in  the  Canon  law,  is  of  two  kinds.  1.  The 
want  of  dispensation  for  age  in  a  minor,  for  legitimation  in  a 
bastard,  and  the  like:  this  renders  the  provisio-n  of  a  benefice 
void  in  its  original.  2.  Crimes  and  heinous  ofTences,  which 
annul  provisions  at  first  valid. 

INCARNATION,  in  Theology,  denotes  the  act  whereby  the 
Son  of  God  assumed  the  human  nature  ;  or  the  mystery  by 
which  Jesus  Christ,  the  eternal  Word,  was  made  man,  in  order 


to  accomplish  the  work  of  our  salvation.  The  era  used  among 
Christians,  whence  thev  number  their  years,  is  the  time  ol 
the  incarnation,  that  is,  of  Christ's  conception  in  the  virgin's 
womb. 

INCENDIARY,  in  Law,  is  applied  to  one  who  is  guilty  of 
maliciously  setting  fire  to  another's  dwelling-house  ;  and  all 
houses  that  are  parcel  thereof,  though  not  contiguous  to  it,  or 
under  the  same  roof,  as  barns  and  stables.  A  bare  intent  Or 
attempt  to  do  this,  by  actually  setting  fire  to  a  house,  unless  it 
absolutely  burns,  does  not  fall  within  the  description  of  incendit 
et  consunipsit.  But  the  burning  and  consuming  of  any  part  is 
sufficient,  though  the  fire  be  afterwards  extinguished.  It  must 
also  be  a  malicious  burning;  otherwise  it  is  only  a  trespass. 
This  olfence  is  called  arson  in  our  law. 

INCENSE,  or  Frankincense,  in  the  Materia  Medica,  &c. 
a  dry  resinous  substance,  known  among  authors  by  the  names 
llius  and  olihanum.  Incense  is  a  rich  odour,  with  which  the 
Pagans  and  the  Roman  Catholics  still  perfume  their  temples 
altars,  &c.  The  words  come  from  the  Latin  ineensum,  q.d, 
burnt;  as  taking  the  elTect  for  the  thing  itself.  The  burning 
of  incense  made  part  of  the  daily  service  of  the  ancient  Jewish 
church.  The  priests  drew  lots  to  know  who  should  oiler  it ; 
the  destined  person  took  a  large  silver  dish,  in  which  was  a 
censer  full  of  incense;  and  being  accompanied  by  another 
priest  carrying  some  live  coals  from  the  altar,  went  into  the 
temple.  There,  in  order  to  give  notice  to  the  people,  they 
struck  upon  an  instrument  of  brass,  placed  between  the  temple 
and  the  altar  ;  and  being  returned  to  the  altar,  he  who  brought  the 
fire  to  the  altar  left  it  there,  and  went  away.  Then  the  offerer  of 
incense  having  said  a  prayer  or  two,  waited  the  signal,  which 
was  the  burning  of  the  holocaust;  imnrediately  upon  which  he 
set  fire  to  the  incense,  the  whole  multitude  continuing  all  the 
time  in  prayer.  The  quantity  of  incense  offered  each  day  was 
half  a  pound  in  the  morning,  and  as  much  at  night. 

The  reason  of  this  continual  burning  of  incense  might  be, 
that  the  multitude  of  victims  that  were  continually  offered  up, 
would  have  made  the  temple  smell  like  a  slaughter-house,  and 
consequently  have  inspired  the  comers  rather  with  disgust  and 
aversion,  than  awe  and  reverence,  had  it  not  been  overpowered 
by  the  agreeable  fragrance  of  those  perfumes. 

INCEST,  is  the  carnal  knowledge  of  persons  within  theLevi- 
tical  degrees  of  kindred. 

INCH,  a  measure  of  length;  being  the  12th  part  of  afoot, 
and  equal  to  three  barleycorns  in  length. 

INCHASING.     See  Enchasing. 

INCIDENCE,  in  Mechanics  and  Optics,  is  used  to  denote 
the  direction  in  which  a  body  or  ray  of  light  strikes  another 
body,  and  is  otherwise  called  inclination.  In  moving  bodies, 
their  incidence  is  said  to  be  perpendicular  or  oblique,  according 
as  their  lines  of  motion  make  a  straight  line  or  an  angle  at  the 
point  of  contact. 

Aiii/le  of  Incidence,  generally  denotes  the  angle  formed 
by  the  line  of  incidence  and  a  line  drawn  from  the  point 
of  contact  perpendicular  to  the  plane  or  surface  on  which  the 
body  or  ray  impinges.  Thus  if  a  body 
A  impignes  on  the  plane  D  E,  at  the 
point  B,  and  the  perpendicular  BH 
be  drawn,  then  the  angle  A  B  H  is  ge- 
nerally called  the  angle  of  incidence, 
and  A  B  D  the  angle  of  inclination. 
Dr.  Wallis,  however,  and  some  other 
old  authors,  call  the  angle  A  B  D  the 
angle  of  incidence,  being  that  included  between  the  line  of  inci- 
dence, and  the  surfaces  of  the  plane  on  which  the  body  im- 
pinges ;  the  conqjiement  of  that  angle,  as  A  B  H,  being  by  these 
writers  called  the  angle  of  inclination.  Other  distinctions  are 
made  by  Wolfius  in  the  denomination  of  these  angles,  but  they 
are  of  very  trilling  importance. 

1.  It  is  demonstrated  by  writers  on  optics,  that  the  angle  of 
incidence  A  B  H,  is  always  equal  to  the  angle  of  reflectio 
H  B  C  ;  or  the  angle  A  B  D  =  angle  C  B  E.  See  Reflection. 
2.  It  has  also  been  demonstrated  from  experiment,  that  the 
angles  of  incidence  and  refraction  are  to  each  other,  accurately 
or  very  nearly,  in  a  given  ratio.  3.  That  from  air  to  glass  the 
sine  of  the  angle  of  incidence  is  to  the  sine  of  the  refracted 
angle,  as  300  to  193,  or  nearly  as  14  to  t>;  and  on  the  contrary 
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fiom  glass  to  air,  the  angle  of  incidence  to  that  of  refraction,  is 
as  IU3  to  300,  or  nearly  as  9  to  14.     See  Rkfkaction. 

Axis  of  Incidence,  is  the  line  li  H  in  the  preceding  figure. 

Line  of  Incidence,  or  Incident  Uai/,  in  Cntoptrics  and  Di- 
optrics, is  the  line  of  direction  in  which  a  ray  is  propagated,  as 
the  line  A  B,  in  the  above  figure  ;  this  is  also  called  the  Inci- 
dent Rai/. 

Point  of  Incidence,  is  the  point  where  the  incident  raymeets 
the  reflecting  or  refracting  hody  ;  such  is  the  point  B. 

INCIDENT,  signiGes  a  thing  necessarily  depending  upon 
another  as  more  principal. 

INCLINATION,  denotes  the  mutual  approach  or  tendency 
of  two  bodies,  lines,  or  planes,  towards  each  other,  so  that  Ihc 
lines  of  their  direction  make  at  the  point  of  contact  any  angle 
of  greater  or  less  magnitude. 

Inclination  of  a  liiylu  Line  to  a  Plane,  is  the.  acute  angle 
which  such  a  right  line  makes  with  another  right  line,  drawn  in 
the  plane  through  the  point  where  the  inclined  line  intersects 
it,  and  through  the  point,  where  it  is  also  cut  by  a  perpendi- 
cular drawn  from  any  point  of  the  inclined  lines. 

Inclination  of  Meridians,  in  Dialling,  the  angle  that  the 
hour  line  on  the  globe,  which  is  perpendicular  to  the  dial  plane, 
makes  with  the  meridian. 

Inclination  of  an  /nciWfn*  7?ny,  otherwise  called  the  angle 
of  Inclination.     See  yl»i(/?e  of  Incidence. 

Inclination  of  a  Reflected  Kay,  is  the  angle  which  a  ray 
after  refraction  makes  with  the  axis  of  inclination. 

Inclination  of  the  A^is  of  the  Earl/i.  is  the  anglewhich  it 
makes  with  the  plane  of  the  ecliptic;  or  the  angle  between  the 
planes  of  the  equator  and  ecliptic. 

Inclination  of  the  Magnetic  Needle.     See  Dipping  Needle. 

Inclination  of  a  Planet,  is  an  arc  or  angle  comprehended 
between  the  ecliptic,  !in<l  tlie  ph-.neof  a  planet  in  its  orbit. 

Inclination  of  a  Plane,  in  Dialling,  is  the  arc  of  a  vertical 
circle  perpendicular  both  to  the  plane  and  to  the  horizon,  and 
intercepted  between  tbem. 

Inclination  of  two  Planes,  is  the  acute  angle  made  by  two 
lines  drawn  one  in  each  plane,  through  a  common  point  of  sec- 
tion, and  perpendicular  to  the  same  common  section. 

Inclination,  Anr/le  of,  in  Optics,  is  the  same  that  is  other- 
wise called  the  angle  of  Incidence. 

INCLINED  Plane,  in  Mechanics,  as  the  name  imports,  is 
a  pbnewhichforms  with  an  horizontal  plane  any  angle  whatever, 
forming  one  of  the  simple  mechanical  powers.  The  inclination 
of  the  plane  is  measured  by  the  angle  formed  by  two  lines 
drawn  from  the  sloping  and  the  horizontal  plane,  perpendicular 
to  their  common  intersection.  'The  principal  mechanical  pro- 
perties of  the  inclined  plane  are  as  follows  ;  viz. 

1.  When  a  body  is  sustained  upon  an  inclined  plane,  the 
sustaining  power,  or  weight,  will  be  to  the  weight  of  the  body, 
as  the  sine  of  the  plane's  inclination  is  to  the  sine  iif  the  angle 
which  the  direction  of  the  power  makes  with  a  perpendicular 
to  the  plane. 

Thus,  let  A  B  be  an  inclined  plane, 
W  a  weight  sustained  upon  that  plane 
by  the  power,  WF  the  line  of  the  direc- 
tion of  the  power,  and  WC  a  perpendi- 
cular to  the  plane  A  B:  then 

P  :  W  :  :  sine  Z  A  B  C  sine  ^  F  W  C. 
When  WFcoincides  with  WA,  that  is, 
when  the  power  acts  in  a  direction  pa- 
rallel to   B  A,  then  the  proportion  be-     „ 
comes  P  :  W  : :  sine    of  plane's  incli-    ^ 
nation  :  radius;  or,  which  is  the  same  thing,   P  :  W  :  :  A  C  : 
BA  ;  that  is, 

the  power  :  weight  : :  height  of  the  plane  :  its  length. 

When  a  plane  is  inclined  to  the  horizon  one-third  of  its  whole 
length,  any  body  will  be  kept  from  rolling  down  that  plane,  by 
a  power  equal  lo  a  third  part  of  the  weight  of  the  body.  If  D  A 
be  six  feet  and  B  D  two  feet :  then  if  C  be  six  pounds,  a  power 
of  two  pounds  will  support  it:  if  the  height  of  the  plane  be 
equal  to  half  its  length,  a  power  equal  to  half  the  weight 
of  the  body  will  support  it:  but  a  plane  perpendicularly 
situated,  ought  not  to  come  under  the  denomination  of  this 
article,  because  the  plane  in  such  a  direction  contributes 
nothing  to  the  support  or  hinderance  of  the  falling  body,  which 
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J)  descendswith  its  whole  forre 
of  gravity,  unless  prevented 
by  a  power  equal  to  its 
whole  weight. 

It  is  obvious  from  this 
illustration,  that  the  less  the 
angle  of  elevation,  or  the 
gentler  the  ascent  is,  the 
greater  will  be  the  weight  which  a  given  power  can  draw  up; 
for  the  steeper  the  inclined  plane  is,  Ihe  less  does  it  support  of 
the  weight  ;''and  the  greater  the  tendency  w  hieh  the  weight  has 
to  roll,  consequently  the  more  diflicult  for  Ibc  power  to  support 
it  :  hence  the  advantage  gained  by  this  mechanical  power  is  as 
great  as  its  length  (AD)  exceeds  its  perpendicular  height  (BD). 

2.  If  two  bodies  keep  each  other  in  c<|uilibrio,  by  a  string 
passing  over  the  vertex  of  two  dilfcrent  inclined  planes,  the 
weights  of  the  bodies  will  be  to  each  other  as  the  sines  of  the 
angles  of  inclination  of  the  opposite  planes. 

That  is,  W :  P  : :  sine  Z.  B  C  A  :  sine  Z.  A  B  C  ; 

or         W  :  P  : :  B  A  :  A  C  ; 
because  the  sides  of  triangles  are  to 
each  other  as  the  sines  of  their  oppo- 
site angles. 

The  velocity  acquired  by  a  body  de- 
scending by  the  action  of  gravity  down 
an  inclined  plane,  is  to  the  velocity  of 
a  body  falling  perpendicularly  during 
the  same  time,  as  the  height  of  the  plane  is  to  the  length. 

The  force  whereby  a  body  descends  down  an  inclined  plane 
is  to  the  absolute  force  of  gravity,  as  the  height  of  the  plane  to 
its  length  ;  which  being  a  constant  ratio  for  the  same  plane,  it 
follows  that  the  force  whereby  the  body  descends  is  uniform, 
and  consequently  that  it  will  produce  a  uniformly  accelerated 
motion.  Therefore  all  the  laws  laid  down  under  the  article 
Acceleration  have  equal  place  with  regard  to  bodies  on  in- 
clined planes,  by  merely  substituting  for  gravity  the  product  of 
gravity  into  the  sine  of  the  plane's  inclination.^  The  same  is 
also  true  with  regard  to  the  retardation  in  bodies  projected  up 
any  given  inclined  planes. 

3.  Hence  again  the  space  descended  down  inclined  planes 
is  to  the  space  perpendicularly  described  in  the  same  time,  as 
the  height  of  the  plane  is  to  its  length. 

Consequently  the  velocities  acquired, 
and  the  spaces  descended  by  bodies 
down  dillerent  inclined  planes  in  the 
same  time,  arc  as  the  sines  of  the  plane's 
elevation. 

If  A  B  be  any  inclined  plane,  and  D  C 

____^         be  drawn  perpendicular   to  A   B  ;  then 

A  "c     while  a  body  falls  freely  through  the  per- 

pendicular B  C,  another  body  will  in  the  same  time  descend 
down  the  part  of  the  plane  B  D. 

Hence  we  deduce  the  following  curious 
property  of  bodies  descending  down  inclined 
planes.  In  any  right-angled  triangle  having 
its  hypothenusc  BC  perpendicular  to  the 
horizon,  a  body  will  descend  down  any  of  its 
three  sides,  B  I),  B  C,  D  C,  in  the  same  time. 
And  therefore,  if  on  the  diameter  BC  a  serai- 
circle  be  described,  the  time  of  descending 
down  any  chords  B  D,  B  D',  B  D".  &c.  D  C, 
D'C,  D"C,  &c.  will  be  all  equal,  and  each 
equal  to  the  time  of  falling  freely  through  the 
diameter  B  C. 

The  time  of  descending  down  an  inclined  plane,  is  to  the 
time  in  falling  through  its  perpendicular  height,  as  the  length 
of  the  plane  is  to  its  height.  Consequently  the  times  of  de- 
scending down  different  planes  of  the  same  height  arc  as  the 
lengths  of  the  planes. 

A  body  acquires  the  same  velocity  in  descending  down  an 
inclined  plane,  as  in  falling  perpendicularly  through  the  height 
of  the  plane.  Hence  the  velocities  are  always  the  same  in 
planes  of  the  same  altitude,  whatever  may  be  their  degrees  of 
nelination. 

We  may  form  an  inclined  plane  by  placing  boards  of  earth 
or  other  materials  in  a  sloping  direction.    The  sides  of  hills, 
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wedgfes,  screws,  jacks,  &c.  are  all  used  in  mechanics  on 
the  same  principle  ;  ajid  their  power  depends  on  the  proportion 
between  the  height  actually  attained,  and  the  length  of  the 
plane  moved  over. 

INCLINERS,  or  Inclining  Dials,  are  such  as  are  drawn  on 
planes  that  are  not  perpendicular  to  the  horizon. 

INCLOSURES.  Any  person  who  shall  wilfully  or  malici- 
ously destroy  or  damage  any  fence  made  for  enclosing  any 
common  waste,  or  other  lands,  in  pursuance  of  any  act  of  par- 
liment,  shall  be  transported  for  seven  years. 

INCOMBUSTIBLE  Cloth.  S'ee  Asbestos.  On  ihis,  Cron- 
stadt  observes,  that  the  natural  stone  of  the  asbesli  is  in  pro- 
portion to  their  economical  use,  both  being  very  inconsiderable. 
It  is  an  old  tradition,  that  in  former  ages  they  made  c!olhes  of 
the  fibrous  asbesti,  which  is  said  to  be  composed  of  the  word 
btjssHs  ;  but  it  is  not  very  probable,  since,  if  one  may  conclude 
from  some  trifles  now  made  of  it,  as  bags,  ribbons,  and  other 
things,  such  a  dress  could  neither  have  an  agreeable  appear- 
ance, nor  be  of  any  conveniency  or  advantage.  It  is  more 
probable,  that  the  Scythians  dressed  their  dead  bodies  wliich 
were  to  be  burned,  in  a  cloth  manufactured  of  this  stone;  and 
this  perhaps  has  occasioned  the  above  fable.  Mr.  Magellan 
confirms  this  opinion  of  Cronsladt's,  and  informs  us,  that  some 
of  the  Romans  also  enclosed  dead  bodies  in  cloth  of  this  kind. 
In  the  year  1756  or  1757,  he  tells  us,  that  he  saw  a  large  piece 
of  asbestos  cloth  found  in  a  stone  tomb,  with  the  ashes  of  a 
Roman,  as  appeared  by  the  epitaph.  It  was  kept  with  the 
tomb  also,  if  our  author  remembers  rightly,  in  the  right 
wing  of  the  Vatican  library  at  Rome.  The  under  librarian,  in 
order  to  shew  that  it  was  incombustible,  lighted  a  candle,  and 
let  some  drops  of  wax  fall  on  the  cloth,  which  he  set  on  fire  with 
a  candle  in  his  presence,  without  any  detriment  to  the  cloth. 
Its  texture  was  coarse,  but  much  softer  than  he  could  have 
expected. 

There  are  many  substances  of  vegetable  origin,  of  common 
domestic  use,  which  it  would  be  of  the  utmost  importance  to 
render  less  liable  to  be  set  on  fire,  if  they  could  not  be  rendered 
incombuslible  altogether.  II  luuslios,  and  other  cotton  goods, 
be  dipped  in  a  weak  solution  of  potass,  they  will  be  less  liable 
to  burn  ;  but  the  objection  is,  that  by  the  attraction  of  moisture 
from  the  atmosphere,  they  would  be  less  agreeable.  It  has 
also  been  found,  that  solutions  ofmuriate,  sulphate,  phosphate, 
and  borate  of  ammonia,  w  ith  borax,  render  cloth  incombustible. 
Acidulous  phosphate  of  lime  has  the  same  elVect.  Linen,  mus- 
lin, wood,  or  paper,  dipped  in  a  solution  of  this  salt,  of  the 
specific  gravitj  of  120  to  rSO,  are  completely  incombustible 
and  may  be  clianed  by  intense  heat,  biit  will  not  burn.  Seve- 
ral experiments  were  made  at  Venice  in  1807,  by  a  Monsieur 
Gonzatti,  with  a  licjuor,  which  being  thrown  in  a  small  cjuanlity 
cm  any  combustible  article  on  fire,  has  immediately  extinguish- 
ed it.  A  few  drops  only,  being  thrown  on  a  quantity  of  resin 
and  oil,  which  was  burning,  the  fire  was  immediately  extin- 
guished ;  and  it  was  said  that  a  layer  of  this  composition  being 
spread  upon  any  wood  work,  it  was  entirely  safe  from  combus- 
tion. The  inventor  would  not  make  known  the  prepiration  of 
his  composition,  but  it  was  very  probably  a  solution  of  alum, 
potass,  and  vitiiol. 

INCOMMENSURABLE  Lines,  Hre  such  as  have  no  com- 
mon measure.  The  diagonal  and  side  of  a  square  are  incommen- 
surable, being  to  each  other  as  ^  2  to  I;  and  consequently 
whatever  numiier  of  parts  the  side  of  the  square  may  be  divided 
into,  the  by  pothenusc  will  not  be  made  up  of  any  exact  number 
of  such  parts. 

IvcoMMENSURABLE  Numbers,  or  Numbers  Prime  to  each  other, 
are  those  which  have  no  integral  common  measure  greater 
than  unity. 

If  numbers  he  incommensurable  with  each  other,  they  are 
incommensurable  also  in  power,  that  is,  no  powers  of  such 
numbers  can  be  incommensurable  with  each  other. 

INCOMPLETE,  in  Botany,  a  term  used  to  denote  the  six- 
teenth class  of  the  Linncean  "  methodus  calyciua,"  consisting  of 
plants  whose  flowers  want  either  the  calyx  or  petal.s. 

INCOMPOSITE  Numbers,  the  same  as  Prime  Numbers. 

INCORPORATION,  Power  of.  To  the  erection  of  any  cor- 
poration the  king's  consent  is  necessary,  either  impliedly  or 
expressly  given.     The  methods  by  which  the  king's  consent 


is  expressly  given  to  the  formation  of  a  body  politic,  arc  either 
by  act  of  parliament  or  charter. 

INCREMENT,  in  the  doctrine  of  Increments,  or  Finite  Dif- 
ferences, is  the  fiuiteincreaseof  a  variablequantity.  Dr.  Brnokc 
Taylor,  to  whom  we  are  indebted  for  this  theory,  denoted  his 
increments  by  a  dot  under  the  variable  quantity  :  thus  the  incre- 
ment of  X  was  denoted  by  :r  ;  Enmuison  also  emplo\  s  the  same 
noiation  ;  others  have  usecl  a  small  accent,  as  a-',  or  thus  x. 
— Mr.  Niccde  denotes  the  increment  of  a-,  or  any  varialile, ' 
by  ?i ;  but  Euler,  who  seems  to  have  given  a  perniaiuiit  forni 
to  this  branch  of  analysis,  employs  the  character  A  .r  ;  thus  the 
increment  of  x-  :z:  A  x,  increment  of  ;/  :=  a  ,'/,  Sec. 

INCUBUS,  Nifjlitmare,  a  disease  consisting  in  an  oppres- 
sion of  the  breast  so  very  violent,  that  the  patient  cannot  speak 
or  even  breathe.  The  word  is  derived  fiont  the  Latin  incubare, 
to  "  lie  down"  on  any  thing  and  press  it.  Tlie  Greeks  call  it 
S'/iffaXjjf,  (/.  d.  saltator,  "  leaper,"  or  one  that  rushc  ;h  on  a  per- 
son. In  this  disease  the  senses  are  not  quite  lost,  but  drowned 
and  astonished,  as  is  the  understanding  and  imagination,  so 
tliat  the  patient  seems  to  think  some  huge  weight  throyvn  on 
him  ready  to  strangle  him.  Children  are  very  liable  to  this 
distemper;  so  are  fat  people,  and  men  of  much  study  and 
application  of  mind — because  the  stomach,  in  all  these,  finds 
some  difliculty  in  digestion. 

INCUMBENT,  a  clerk  or  minister  who  is  resident  on  his 
benefice  ;  he  is  called  incumbent,  because  he  does,  or  at  least 
ought  to,  bend  his  whole  study  to  discharge  the  cure  of  his 
church. 

INCURVATION  of  the  Rays  of  Light,  their  bending  out 
of  the  rectilinear  or  straight  course,  occasioned  by  refraction. 

INDEFINITE,  that  which  is  without  any  assigned  limits  ; 
thus  we  say  an  indefinite  line,  meaning  a  line  of  any  length. 
Some  authors  use  the  word  indefinite  nearly  in  the  same  sense 
as  we  commonly  attach  to  the  term  infinite.  According  to 
these,  an  indefinite  line  is  that  which  is  without  termination  ; 
the  former,  however,  is  the  sense  iu  which  it  is  commonly  em- 
ployed by  modern  matliematicians. 

Indefinite,  in  Grammar,  is  understood  of  nouns,  pronouns, 
verbs,  participles,  articles,  &c.  which  are  left  in  an  uncertain 
indeterminate  sense. 

INDELIBLE,  something  that  cannot  be  cancelled  or  effaced, 
as  indelible  ink.     See  Ink. 

INDEMNITY,  in  Law,  the  saving  harmless  ;  or  a  writing  to 
secure  one  from  all  damage  and  danger  that  may  ensue  from 
any  act. 

INDENTED,  in  Heraldry,  is  when  the  outline  of  an  ordinary 
is  notched  like  the  teeth  of  a  saw. 

INDENTURE,  in  Law,  a  writing  which  comprises  some 
contract  between  two  at  least ;  being  indented  at  top,  answer- 
able to  another  part  which  has  the  same  contents.     See  Deed. 

INDEPENDENTS,  or  Congregationaljsts,  aseotof  pro- 
testant  Dissenters,  so  called  from  their  founder,  maintaining 
that  all  Christian  congregations  are  so  many  independent  reli- 
gious societies,  having  a  right  to  be  governed  by  their  own 
laws,  without  being  subject  to  any  further  or  foreign  jurisdic- 
tion. 

INDETERMINATE,  is  nearly  the  same  as  Indefinite,  the 
former  being  applied  to  numbers,  as  the  latter  is  to  geometrical 
lines,  surfaces,  Stc.  with  this  difl'erence,  however,  that  the  word 
indeterminate  comirionly  implies  that  numberor  quantity  whose 
value  cannot  he  assigned  ;  and  the  former,  that  which  may  be  of 
any  magnitude. 

Indeterminate  Anah/sis,  is  a  very  interesting  branch  of 
algebra,  in  which  there  are  always  given  a  greater  number  of  un- 
known quantities  thanthereare  independent  equations,  by  which 
means  the  number  of  solutions  is  indefinite,  though  it  commonly 
happens  that  certain  restrictions  are  introduced,  such  as  re- 
quiring integral  or  rational  nundiers,  w  Inch  frequently  limit 
the  number  of  solutions,  and  even  in  some  cases  render  the 
problem  impossible, 

INDETERMINATE  Problem,  in  Algebra,  is  that  which 
admits  of  many  different  solutions  and  answers,  called  also  an 
unlimited  problem. 

INDEX,  in  Arithmetic  and  Algebra,  is  the  same  as  exponent. 

Index  of  a  I,nr/arilhm,  cMed  otherwise  the  Characteristic,  is 
the  integral  pari  which  precedes  the  logarlihm,  and  is  always 
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one  less  than  llic  number  of  integral  figures  in  l!  given  num- 
ber. Or  otiierwisc,  the  index  is  always  equal  U  lie  number  of 
places  that  the  unit's  place  of  the  jiroposcd  number  is  IrDiii  the 
first  efi'ectivc  figure,  and  is  accounted  positive  when  the  first 
figure  is  to  the  left  of  the  unit's  place,  and  negative  when  it  is 
to  the  riglit.  . 

Indkx  of  a  Globe,  is  a  small  hand  fitted  to  the  extremity  of 
the  north  pole,  which  turning  round  with  it  points  out  the  time 
upon  the  hour  circle. 

INDIA  RuBBFR.     See  Caoutchoi'c. 

INDICATIVE,  in  Grammar,  the  first  mood,  or  manner,  of 
conjugating  a  verb,  by  which  we  simply  afiirm,  deny,  or  ask 
something. 

INDICTJON,  or  Rohan  Indiction,  (from  indico,  to  pro- 
claim,) in  Chronology,  is  a  term  used  for  a  sort  of  epocha 
amongst  the  ancient  Romans;  the  origin  or  commencenient  of 
which  is  not  distinctly  known.  The  Roman  indiction  consists  of 
a  cycle  of  fifteen  years,  and  when  expired  begins  anew,  and  goes 
on  again  in  the  same  order  without  any  dependence  on  the 
motions  of  the  heavenly  bodies.  The  popes  since  the  time  of 
Charlemagne  have  dated  their  acts  by  the  year  of  indiction, 
which  was  fixed  on  the  first  of  January,  A.  D.  ;51,'!.  At  the  time 
of  their  reformation  of  the  calendar,  the  year  1,582  was  reckon- 
ed the  10th  year  of  the  indiction.  Now  this  date  when  divided 
by  15  leaves  a  remainder  7,  that  is,  3  less  than  the  indiction,  and 
the  same  must  necessarily  be  the  case  in  all  subsequent  dates  ; 
therefore  to  find  the  indiction  for  any  year,  divide  the  date  by 
15,  and  add  3  to  the  remainder,  which  will  be  the  indiction  ; 

1826 
thus  in  the  present  year  1826,  we  have  — r-  =  ;121,    and   re- 
mainder 14  ;  consequently  14  -|-  3  z:  17,  the  indiction. 

INDICTMENT,  is  a  written  accusation  of  one  or  more  per- 
sons, of  a  crime  or  misdemeanor,  preferred  to,  and  presented 
on  oath  by,  a  grand  jury.  An  indictment  may  be  found  on  the 
oath  of  one  witness,  unless  it  be  for  high  treason,  which  re- 
quires two  witnesses,  and  unless  in  any  instance  it  is  otherwise 
specially  directed  by  acts  of  parliament.  The  sherilV  of  every 
county  returns  to  every  session  of  the  peace,  and  every  com- 
mission of  oyer  and  terminer,  and  of  general  gaol  delivery, 
twenty-four  good  and  lawful  men  of  the  county,  some  out  of 
every  hundred,  to  inquire,  present,  and  do  all  those  things, 
which  on  the  part  of  the  king  shall  be  commanded  therein. 
As  many  as  appear  are  sworn  of  the  grand  jury,  to  the  amount 
of  twelve  at  the  least,  and  not  more  than  twenty-three.  Being 
previously  instructed  in  the  articles  of  their  inquiry,  by  a 
charge  from  the  judge,  Ihcy  receive  indictments  preferred  to 
them  in  the  name  of  the  king,  but  at  the  suit  of  any  private 
prosecutor;  and  they  only  hear  evidence  on  behalf  of  the  pro- 
secution. They  may  not  find  part  of  an  indictment  true  and 
part  false,  but  mu.-^l  either  find  a  true  bill  or  an  ignoramus  for 
the  whole.  All  capital  crimes  whatsoever,  and  all  kinds  of 
inferior  crimes  vvljich  arc  of  a  public  nature,  may  be  indicted, 
l)Ut  no  injuries  of  a  private  nature,  unless  they  in  some  degree 
concern  the  king.  And  generally,  where  a  statute  prohibits  a 
matter  of  public  grievance,  or  commands  a  matter  of  public 
convenience,  every  disobedience  to  it  is  punishable,  not  only  at 
the  suit  of  the  party  grieved,  but  also  by  indictment.  Yet  if 
the  party  oll'ending  have  been  fined  in  any  action  brought  by 
the  party,  such  fine  is  a  good  bar  to  the  indictment.  Several 
offenders  committing  the  same  olfeiice  may  be  joined  in  one 
indictment.  No  indictment  for  high  treason,  or  misprision 
thereof,  (except  indictments  for  counlcrfeiting  the  king's  coin, 
seal,  sign,  or  signet,)  shall  be  quashed  for  mis-reciting,  mis- 
spelling, ike.  unless  exception  concirning  the  same  be  taken 
before  any  evidence  given  in  open  court,  on  such  indictment. 
An  indictment  accusing  a  man  in  general  terms,  without  ascer- 
taining the  particular  fact  laid  to  his  charge,  is  insudicicnt  ; 
nor  can  it  be  good,  without  expressly  shewing  some  place 
where  the  ofienoc  was  committed. 

There  are  several  words  of  art,  which  the  law  has  appro- 
prialcd  for  the  description  of  an  offence,  which  no  circumlocu- 
tion will  supply;  as  feloniously,  in  the  indictment  of  anv 
felony;  burglariously,  in  an  indictment  of  burglary.  And  aii 
indictment  or.  the  black  art  for  shooting  at  any  person,  must 
charge  that  the  ofience  was  done  wilfully  and  maliciously. 
5:i. 


No  clc.lr  of  assize,  clerk  of  the  peace,  oi  other  person,  is 
allowed  to  take  any  money  of  any  person  bound  over  to  give 
evidence  against  a  traitor  or  felon,  for  the  discharge  of  his 
recogni":ance,  nor  more  than  two  shillings  for  drawing  any  bill 
of  indictment  against  any  such  felon,  on  pain  of  five  pounds  to 
the  party  grieved,  with  full  costs.  Every  person  charged  with 
felony  or  other  crime,  who  on  his  trial  is  acquitted,  or  against 
whom  no  indictment  is  found  by  the  grand  jury,  or  w  ho  is  dis- 
charged by  proclamation  for  want  of  prosecution,  should  be 
immediately  set  at  large  in  open  court,  without  payment  of  any 
fee  to  the  shcrin' or  gaoler.  This  however  is  usually  deferred 
till  after  the  assizes  or  sessions  are  over,  when  the  judge  or 
justices  proceed  to  the  gaol  delivery. 

Upon  a  certificate  of  an  indictment  being  found,  for  i... 
assault  or  other  misdemeanor,  and  much  more  for  a  felony,  a 
warrant  is  issued,  on  the  application  of  the  prosecutor,  to  take 
the  party  into  custody,  and  he  may  be  held  to  bail  by  a  justice 
of  tlie  peace,  or  a  judge.  This  was  not  formerly  the  practice 
upon  indictments,  but  an  action  cannot  be  brought  by  the  per- 
son acquitted,  against  the  prosecutor  of  the  indictment,  with- 
out obtaining  a  copy  of  the  record  of  his  indictment  and 
acquittal  ;  which,  in  prosecutions  for  felony,  it  is  not  usual  to 
grant,  if  there  be  the  least  probable  cause  to  found  such  prose- 
cution upon.  But  an  action  on  the  case,  for  a  malicious  pro- 
secution, may  be  founded  on  such  an  indictment  whereon  no 
acquittal  can  be,  as,  if  it  be  rejected  by  the  grand  jury,  or  be 
coiam  non  judice,  or  be  insufiiciently  drawn;  for  it  is  not  the 
danger  of  the  plaintiff,  but  the  scandal,  vexation,  and  cxi)ense, 
upon  which  this  action  is  founded.  However,  any  probable 
cause  for  preferring  it  is  sufiicicnt  to  justify  the  dcfendant.- 
provided  it  do  not  appear  that  the  prosecution  was  malicious. 

INDIGO,  a  dye  prepared  from  the  leaves  and  small  branches 
o(  Ihc  Iitdir/ofcrn  tiiicloria.  There  are  two  kinds,  the  true  and 
the  bastard.  The  produce  of  the  first  is  sold  at  a  higher  price, 
on  account  of  its  superiority,  but  that  of  the  other  is  heavier. 
The  first  will  grow  in  many  soils  ;  the  second  succeeds  best  io 
those  most  exposed  to  rain  ;  both  arc  liable  to  great  accidents 
Sometimes  the  plant  becomes  dry.  and  is  destroyed  by  an 
insect  frequently  found  on  it;  at  ollior  times  the  leaves  are 
devoured  in  the  space  of  twenty-four  hours  by  caterpillars.  It 
ought  to  be  gathered  in  with  great  |)recaution,  for  fear  of  shak- 
ing off  the  farina  that  lies  on  the  leaves,  and  is  very  valuable. 
When  gathered,  it  is  thrown  into  the  stecping-vat,  which  is  a 
large  tub  filled  with  water.  Here  it  undergoes  a  fermentation, 
which  in  twenty-four  hours,  at  farthest,  is  completed.  A  cock 
is  then  turned  to  let  the  water  (which  is  impregnated  with  a 
very  subtile  earth,  constituting  the  bine  substance)  run  into  the 
second  tub,  called  the  mortar  or  pounding  tub.  where  it  is 
forcibly  agitated  with  wooden  buckets,  full  of  holes,  and  fixed 
to  a  long  handle.  When  the  workmen  perceive  th.it  the 
coloured  particles  collect  by  separating  from  the  rest  of  the 
liquor,  they  leave  off  shaking  the  buckets,  in  order  to  allcw 
time  to  the  blue  dregs  to  precipitate  to  the  bottom,  where  they 
are  left  to  settle  till  the  water  is  quite  clear.  Holes  niadr  in 
the  tub  at  different  heights  are  then  opened  one  after  another, 
and  this  useless  water  is  let  out.  The  blue  dregs  remaining  at 
the  bottom  having  acquired  the  consistence  of  a  thick  muddy 
licpiid,  cocks  are  opened,  which  draw  it  olf  into  the  settler.  It 
is  thence  poured  into  linen  bags,  and  when  the  water  has 
sufficiently  drained  from  it,  it  is  formed  into  small  lumps  and 
dried  in  the  shade.  Indigo  is  used  in  washing,  to  give  a  bluish 
colour  to  linen:  painters  also  employ  it  in  their  water  colours  ; 
and  dyers  cannot  make  fine  blue  without  if. 

Indigo  may  be  obtained  from  the  merium  linctnrium,  and  the 
isatis  tinctoria.  or  woad  ;  a  pl.int  cultivated  and  even  fnuntl 
wild  in  England.  \Mien  arrived  at  maturity  this  plant  is  cut 
down,  washed,  dried  hastily  in  tlie  sun.  ground  in  a  mill, 
placed  in  heaps,  and  allowed  tn  ferment  for  a  fortnight.  It  is 
then  well  mixed,  and  made  up  into  halls,  which  are  piled  upon 
each  other,  and  exposed  to  the  wind  and  sun.  In  this  stale 
they  become  hot.  and  exhale  a  putrid  ammoniacal  smell.  When 
I'll'  rcriiientatiDii  has  continued  for  a  suniclenl  time,  the  woad  is 
allowed  to  fall  to  a  coarse  powder. 

The  solnlicpii  of  indigo  is  well  known  in  this  country  by  the 
name   of  liipiid  blue,   or  sulphate  of  indigo.     While  concen- 
trated, it  is  opaque  and  black  ;  but  when  diluted,  it  assumes  a 
GO 
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fine  deep  colour  ;  and  its  intensity  is  such,  that  a  single  drop  of 
the  concentrated  sulphate  is  sufficient  to  give  a  blue  colour  to 
many  pounds  of  water.  Bergman  ascertained  the  elfcct  of 
different  re-agents  on  this  solution.  Dropt  into  sulphurous 
acid,  the  colour  was  at  first  blue,  then  green,  and  very  speedily 
destroyed.  In  vinegar  it  becomes  green,  and  in  a  few  weeks 
the  colour  disappears.  In  weak  potash  it  becomes  green,  and 
then  colourless.  In  weak  carbonate  of  potash  there  are  the 
same  changes,  but  more  slowly.  In  ammonia  and  its  carbonate 
the  colour  becomes  green,  and  then  disappears.  In  a  solution 
of  sugar  it  became  green,  aud  at  last  yellowish.  In  sulphate 
of  iron  the  colour"  became  green,  and  in  three  weeks  dis- 
appeared. In  the  sulphurets  the  colour  was  destroyed  in  a 
few  hours.  Realgar,  white  oxide  of  arsenic,  and  orpiiuent, 
produced  no  change.  Black  oxide  of  manganese  destroyed 
the  colour  completely. 

INDIVIDUAL,  in  Logic,  a  particular  being  of  any  species, 
or  that  which  caunot  be  divided  into  two  or  more  beings  equal 
or  alike. 

INDIVISIBLE,  among  metaphysicians,  a  thing  is  said  to  be 
indivisibly  absolute,  absolutely  indivisible,  that  is,  a  simple 
being,  and  consists  of  no  parts  into  whicb  it  may  be  divided. 

INDIVISIBLES,  in  Geometry,  are  those  small  elements  or 
principles  into  which  any  body  or  figure  may  be  resolved. 

According  to  the  principles  of  this  method,  a  line  is  said  to 
consist  of  a  number  of  contiguous  points,  or  surface  of  lines, 
and  a  solid  of  surfaces  ;  and  because  each  of  these  elements 
IS  supposed  indivisible,  if  in  any  figure  a  line  be  drawn  through 
the  elements  perpendicularly,  the  number  of  points  in  that  line 
will  be  the  same  as  the  number  of  elements. 

Hence  it  follows  that  a  parallelogram,  prism,  or  cylinder,  is 
resolvable  into  elements,  or  indivisibles,  all  equal  to  each  other, 
parallel  and  like  to  the  base  ;  and  a  triangle,  into  lines  parallel 
to  the  base,  but  decreasing  from  the  base  upwards  in  an  arith- 
metical progression  ;  so  also  the  circles  which  constitute  the 
parabolic  conoid,  and  tlie  several  cocentric  circumferences 
which  constitute  a  circle,  and  the  successive  circumferences 
which  make  up  the  surface  of  a  right  cone,  all  decrease  accord- 
ing to  the  same  law. 

The  great  facility  attending  the  method  of  indivisibles  is 
very  obvious  in  the  demonstration  of  the  celebrated  theorem  of 
Archimedes,  viz.  "  Every  sphere  is  two-thirds  of  its  circum- 
scribing cylinder,"  the  principles  of  which  are  as  follows. 

Let    A   C    B, 

D  E  F,   and  G  H      ,   C H^ ^E  a^ -^H 

IK,  represent  a      i /^~^\z       STTT"^       P^^^^^^^^^^'^'^L 
hemisphere,     in-       ./  --^™---\  \  /  •_;; -;;^ 

verted  cone,  and       *^SrE^^^i r 4^^.       ~S^Tr 

cylinder,   having     -'^  i3  t  i  J^ 

equal   bases  and 

altitudes,  and  all  standing  on  the  common  base  line  A  F  K. 
Then  it  is  easily  deirionstrated,  that  if  any  sections  be  made  in 
these  solids,  by  a  plane  passing  parallel  to  the  common  base, 
that  the  section  e/of  the  cylinder  is  equal  to  the  two  sections 
ab,  cd,  of  the  hemisphere  and  cone  ;  and  as  this  is  the  case  in 
every  parallel  position  of  the  cutting  plane,  it  follows  that 
the  sum  of  all  the  sections  of  the  cylinder,  is  equal  to  tlie  sum 
of  all  the  sections  of  (he  hemisphere  and  cone;  and  hence  it  is 
inferred,  that  the  solidity  of  the  cylinder  is  equal  to  the  soli- 
dity of  the  hemisphere  and  cone.  But  the  cone  is  a  third  part 
of  the  cylinder,  having  the  same  base  and  altitude,  hence  the 
hemisphere  is  equal  to  the  remaining  two- thirds. 

INDORSEMENT,  in  Law,  signifies  any  thing  written  upon 
the  back  of  a  deed  or  other  instrument.  On  sealing  of  a  bond, 
the  condition  of  the  bond  may  be  indorsed.  In  order  to  the 
executing  a  justice  of  the  peace's  warrant  in  another  county,  it 
must  be  indorsed  by  some  justice  in  such  other  county.  It  is 
customary  also  to  indorse  the  receipt  of  the  consideration- 
money  upon  a  deed.  Bills  of  Exchamje.  are  indorsed,  and 
every  indorser  is  liai)!e  to  the  full  amount  of  the  bill  he  puts 
his  name  on. 

INDUCTION,  in  Law,  is  putting  a  clerk  or  clergyman  in 
possession  of  a  benefice  or  living  to  whinli  he  is  collated  or 
presented.  Sec  the  article  Parson.  Induction  is  performed  by 
a  mandate  from  the  bishop  to  the  archdeacon,  who  usually 
issues  out  a  precept  to  other  clergymen  to  perform  it  for  him. 


It  is  done  by  giving  the  clerk  corporal  possession  of  the  church, 
as  by  holding  the  ring  of  the  door,  tolling  a  bell,  or  the  like  ; 
and  is  a  form  required  by  law,  with  intent  to  give  all  the 
parishioners  due  notice  and  suBicient  certainty  of  their  new 
minister,  to  whom  their  tithes  are  to  be  paid.  This,  therefore, 
is  the  investure  of  the  temporal  pait  of  the  benefice,  as  institu- 
tion is  of  the  spiritual.  And  when  a  clerk  is  thus  presenied, 
instituted,  and  inducted  into  a  rectory,  he  is  then,  and  not 
before,  in  full  and  complete  possession ;  and  is  called  in  law 
persona  impersonaUi,  or  parson  impersonnce. 

INDUCTION,  is  a  term  used  by  mathematicians  to  denote 
those  cases  in  which  the  generality  of  any  law,  or  form,  is  infer- 
red, from  observing  it  to  have  obtained  in  several  cases.  Such 
inductions,  however,  are  very  deceptive,  and  ought  to  be  ad- 
mitted with  the  greatest  caution,  as  there  are  numerous  cases 
in  which  a  law  may  obtain  for  a  considerable  way,  and  ulti- 
mately fail  when  its  uniformity  is  supposed  certain.  A  remark- 
able instance  of  the  failure  of  induction  appears  in  many  of 
those  formulce  which  have  been  given  for  prime  numbers. 
Thus  the  formulae  x'^ -{•  x -\- i\ ,  by  making  successively  a;  =z 
1,3, 3,  4,  &,c.  will  give  a  scries,  the  first  forty  terms  of  which 
are  prime  numbers,  whence  one  might  be  induced  to  conclude 
the  law  to  be  universal ;  it  fails  however  in  the  very  next  case, 
the  forty-first  term  being  a  composite  number. 

INDULGENCES,  in  the  Romish  church,  are  a  remission 
of  the  punishment  due  to  sins,  granted  by  the  cliurch,  and  sup- 
posed to  save  the  sinner  from  purgatory. 

According  to  the  doctriac  of  the  Romish  church,  all  the  good 
works  of  the  saints,  over  and  above  those  which  were  neces- 
sary toward.s  their  own  justification,  are  deposited,  together  with 
the  infinite  merits  of  Jesus  Christ,  in  one  inexhaustible  trea- 
sury. The  keys  of  this  were  conmiitted  to  St.  Peter,  and  to 
his  successors  the  popes,  who  may  open  it  at  pleasure,  and  by 
transferring  a  portion  of  this  superabundant  merit  to  any  par- 
ticular person,  for  a  sum  of  money,  may  convey  to  him  cither 
the  pardon  of  his  own  sins,  or  release  for  any  one  in  whom  he 
is  interested,  from  the  pains  of  purgatory.  Such  indulgencies 
were  first  invented  in  the  llth  century,  by  Urban  II.  as  a 
recompense  for  those  who  went  in  person  upon  the  glorious 
enterprise  of  conquering  the  Holy  Land.  They  were  afterwards 
granted  to  those  who  hired  a  soldier  for  that  purpose  ;  and  in 
process  of  time  were  bestowed  on  such  as  gave  money  for 
accomplishing  any  pious  work  enjoined  by  the  pope.  The 
terms  in  which  the  retailers  of  indulgences  described  their 
benefits,  and  the  necessity  of  purchasing  them,  are  so  extrava- 
gant, that  they  appear  almost  incredible.  If  any  man  (said 
they)  purchases  letters  of  indulgence,  his  soul  may  rest  secure 
with  respect  to  ils  salvation.  The  souls  confined  in  purgatory, 
for  whose  redemption  indulgences  are  purchased,  as  soon  as 
the  money  tinkles  in  the  chest,  instantly  escape  from  that  place 
of  torment,  and  ascend  into  heaven.  That  the  efficacy  of 
indulgences  was  so  great,  that  the  most  heinous  sins,  even  if 
one  should  violate  (which  was  impossible)  the  mother  of  God, 
would  be  remitted  and  expiated  by  them,  and  the  person  be 
freed  both  from  punishment  and  guilt.  That  this  was  the 
unspeakable  gift  of  God,  in  order  to  reconcile  man  to  himself. 
That  the  cross  erected  by  the  preachers  of  indulgences  was 
equally  efficacious  with  the  cross  of  Christ  itself.  "  Lo !  the 
heavens  are  open  ;  if  you  enter  not  now,  when  will  you  enter? 
For  twelve  pence  you  may  redeem  the  soul  of  your  father 
out  of  purgatory  ;  and  are  you  so  ungrateful,  that  you  will  not 
rescue  your  parent  from  torment?  If  you  had  but  one  coat, 
you  ought  to  strip  yourself  instantly,  and  sell  it,  in  order  to  pur- 
chase such  benefits,"  &c. 

In  the  last  year,  (1825)  the  Pope,  Leo  XII.  issued  a  Bull 
of  Indication,  appointing  a  jubilee  for  the  whole  of  the  Catholic 
church,  and  to  continue  through  the  whole  of  the  year,  during 
which  period  his  holiness  mercifully  granted  and  imparted  the 
most  plenary  and  complete  indulgence,  remission,  and  pardon 
of  all  their  sins,  to  all  the  faithful  of  Christ  of  both  sexes. 

INDURATED  Mud.  The  American  volcanoes  discbarge 
torrents  of  mud,  which  seem  to  be  strongly  impregnated  with 
iron.  It  has  been  said  that  similar  torrents  have  issued  from 
Etna  and  Vesuvius,  but  it  is  supposed  that  the  appearances 
have  arisen  from  melted  snow.  The  grand  volcanoes  of  Coto- 
paxi,  Tungarunga,  and  Sangay,  iu  South  America,  eject  pro- 
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digious  quantities  of  mud,  and  what  is  more  remarkable,  pro- 
digious quantities  of  fisli,  so  as  to  iufect  the  air  witli  putrefac- 
tion. Tlicse  lisli  appear  to  be  little  injured,  and  are  the  same 
with  those  found  in  the  rivulets  at  the  bottom  of  the  volcanoes, 
being  a  pimclodes  silurus  from  two  to  four  inches  in  length. 
These  muddy  eruptions  become  fertile  clay,  and  are  very  pro- 
ductive. Fcrrara  gives  an  interesting  account  of  a  muddy 
eruption  at  Maculaba  in  Sicily.  Sometimes  this  phenomenon 
appears  with  immense  force.  The  inhabitants  of  the  neigh- 
bourhood still  (182G)  remember  with  terror  the  eruption  of  1777, 
one  of  the  most  violent  yet  known. 

INEBRIANTS,  are  defined  to  be  such  things  as  affect  the 
nerves  in  a  particular  and  agreeable  maeiner,  and  through  them 
alter  and  disturb  tlic  functions  of  the  mind.  They  are  properly 
divided  into  native  and  artificial ;  the  former  chiefly  in  use 
among  the  oriental  and  other  nations,  the  latter  principally 
throughout  Europe. 

Natural  Inebkiants,  are,  1.  Opium,  in  use  all  over  the 
east,  and  of  which  the  Turks,  through  custom,  swallow  a 
drachm.  2.  Pergaimm  harmala,  Syrian  rue.  The  seeds  are 
sold  in  Turkey  for  this  purpose  ;  and  with  these,  as  Bellonius 
relates,  the  Turkish  emperor  Solyman  kept  himself  intoxicated. 
3.  Maslac  of  the  Turks,  or  bangue  of  the  Persians,  prepared  from 
the  dust  of  the  niale-flowcr  of  hemp,  or  from  the  leaves.  4. 
Bangue  of  the  Indians,  from  the  leaves  of  the  hibiscus  sahda- 
riffa.  5.  Seeds  of  various  species  of  the  datura,  or  thorn 
apple.  6.  Tinang,  or  betel  of  the  Indians.  7.  lloots  of  the 
black  henbane,  a.  The  hyoscyamus  physaloides.  9.  Berries  of 
the  deadly  nightshade.  10.  Leaves  of  milfoil  are  used  by  the 
Dalekarlians  to  render  their  beer  intoxicating.  11.  Tobacco, 
and  several  others  less  material  are  mentioned ;  sach  as  clay, 
saffron,  and  darnel. 

Artijidal  Inkbuiants,  are  fermented  liquors  from  farina- 
ceous seeds;  wines  and  spirits  drawn  by  distillation.  Willi 
these  is  ranked  the  nectar  of  the  gods,  and  the  anodyne  medi- 
cine of  Homer,  commonly  called  j(c/)en</iei ;  and  the  spells  by 
whii:h  Medea  and  Circe  produced  their  enchantments. 

INERTIA  OF  Matteu,  in  Philosophy,  a  passive  principle, 
by  which  bodies  persist  in  a  state  of  motion  or  rest,  receive 
motion  in  proportion  to  the  force  impressing  them,  and  resist 
as  much  as  they  are  resisted.    See  Mechanics. 

INFALLIBLE,  something  that  cannot  err,  or  be  deceived. 
One  of  the  great  controversies  between  the  Protestants  and 
Papists,  is  tlie  infallibility  which  the  latter  attribute  to  the 
pope  ;  though  in  fact,  they  themselves  are  not  agreed  on  that 
liead,  some  placing  this  pretended  infallibility  in  the  pope  and 
a  general  council. 

INFAMY,  in  Law,  is  a  term  which  extends  to  perjury,  gross 
cheats,  &c.  by  which  a  person  is  rendered  incapable  of  being  a 
witness  or  juror,  even  though  he  is  pardoned  for  his  crimes. 

INFANCY,  the  first  stage  of  life  ;  in  a  medical  and  political 
view,  extending  from  birth  to  about  the  seventh  year. 

Treutment  of  Infants  in  Health. — The  two  primary  objects  of 
attention  on  tlic  birth  of  an  infant  are  warmth  and  cleanliness. 
There  is  generally  too  much  eagerness  in  putting  the  child  to 
the  breast ;  who  is  often  worried  to  suck  before  he  becomes 
actuated  by  the  instinctive  principle  of  nature,  or  before  the 
mother  linds  her  breasts  sufficiently  filled  with  milk  to  satisfy 
his  desire.  It  is  generally  about  the  third  day  after  child-bed, 
that  both  are  fully  prepared.  It  is  the  duty  of  every  mother  to 
suckle  her  child.  When  in  consequence  of  suppression  of  milk, 
and  extreme  delicacy,  or  disease  of  constitution,  hired  nurses 
must  be  resorted  to,  the  young  and  the  lieRlthy  should  be 
selected,  with  a  full  breast  of  milk,  and  that  milk  as  nearly  as 
may  be  the  age  of  the  foster-child.  If  a  proper  nurse  cannot 
be  procured,  diluted  cow's  milk,  intermixed  with  a  small  quan- 
tity of  fiirinaeeous  food,  will  generally  prove  the  most  con- 
venient nutriment.  Cow's  milk,  however,  is  far  less  sweet 
than  human,  and  hence  the  mixture  now  recommended  should 
be  enriched  with  some  addition  of  sugar.  The  chief  point  of 
attention  is,  that  the  farinaceous  matter,  whether  in  the  form  of 
pap  or  gruel,  be  sufficiently  dilute,  and  pressed  through  a  fine 
strainer,  to  free  it  from  lumps.  Cardials,  aperients,  and  opi- 
ates, should  be  avoided  in  a  state  of  hcallli. 

The  great  and  natural  use  of  clothes  is  for  the  purpose  of 
wartctli,  and  the  looser  and  softer  the  substance  is  by  which 


this  warmth  is  communicated,  the  better.  Most  of  the  defor- 
mities of  children  are  occasioned  by  improprieties  in  their 
dress.  An  attempt  to  give  neatness  to  the  form  renders  pres- 
sure necessary  ;  and  where  a  part  is  weak,  and  the  pressure 
greater  than  on  the  neighbouring  parts,  such  part  will  naturally 
yield  to  the  impulse,  and  deformity  will  ensue. 

Sleep  is  at  all  times  necessary  to  health,  in  infancy  it  is  par- 
ticularly so;  for  the  stimuli  of  air  and  light  alone  arc  sufficient 
to  exhaust  the  system  in  an  hour  or  two.  Nothing,  however,  can 
be  more  pernicious  than  the  too  common  practice  of  administer- 
ing cordials,  opiates,  &c.,  as  often  as  the  child  seems  restless. 

The  situation  of  infants  requires  at  first  air  of  a  moderately 
warm  temperature;  after  which  they  may  be  gradually  inured 
to  a  colder  atmosphere,  without  any  danger  to  their  health. 
Too  much  warmth,  however,  is  as  prejudicial  as  the  opposite 
extreme,  and  the  more  to  be  dreaded,  as  every  time  they  arc 
brought  to  the  open  air,  they  are  exposed  to  the  dnngei  of 
catching  cold.  But  it  is  not  merely  a  cold  air  that  is  to  be 
avoided,  it  is  the  air  that  is  confined,  and  at  the  same  time 
loaded  with  moisture.  A  confined  damp  air  is  the  cause  of 
many  of  the  diseases  by  which  children  are  alflieted. 

The  nursery  should  be  the  largest  and  best  aired  room  in  the 
house.  When  children  sleep  in  a  cradle,  they  should  not  be 
wrapped  up  too  closely.  Neither  when  they  are  further  grown, 
should  more  than  one  child  sleep  in  the  same  bed.  In  short, 
the  proper  regulation  is  to  keep  the  child  as  much  as  possible 
in  one  pure  equal  temperature,  avoiding  every  thing  that  is 
damp  or  unwholesome. 

The  first  exercise  that  children  usually  receive,  is  that  of 
being  dandled  in  the  arm,  or  moved  gently  up  and  down,  which 
tends  much  to  assist  digestion.  Kubbiug  them  with  the  hand 
is  also  highly  useful. 

As  children  increase  in  growth,  their  exercise  should  be  pro- 
portionably  augmented,  and  the  nurse  slvould  endeavour  to 
give  them  as  much  motion  with  her  arm  as  possible. 

As  soon  as  a  child  is  able  to  be  put  on  its  feet,  it  should  be 
allowed  to  make  use  of  them.  Every  member  acquires  strength 
in  proportion  as  it  is  exercised  ;  and  children,  by  being  accus- 
tomed to  support  themselves,  will  soon  acquire  strength  for  the 
purpose.  Children  also  begin  to  use  their  feet  by  degrees; 
and  by  this  gradual  attempt,  all  danger  of  their  legs  becoming 
crooked,  or  unable  to  support  the  body,  is  avoided. 

Among  the  poorer  classes,  it  is  very  common  to  allow  chil- 
dren to  sit  or  lie  in  one  posture  for  a  length  of  time :  this  is  a 
practice  much  to  be  condemned.  By  the  want  of  exercise,  the 
health  of  children  sufiers;  a  relaxation  of  the  system  ensues, 
and  rickets  and  other  diseases  arc  induced. 

The  early  and  rigorous  confinement  of  children  at  day  schools, 
merits  to  be  particularly  reprobated.  If  sent  early  to  school, 
the  time  of  learning  should  never  be  long,  and  should  be  alter- 
nated with  proper  diversions  and  exercises  suited  to  their 
period  of  life. 

Exercise  within  doors  is  not  sufficient  to  effect  the  good  pur- 
poses derived  from  it  in  the  open  air.  Children,  instead  of 
being  checked  in  regard  of  wholesome  play,  should  be  at  all 
times  encouraged  in  it. 

To  uniform  exercise,  add  the  use  of  the  cold  bath.  By 
general  immersion,  the  body  is  braced  and  strcnglhcned,  the 
general  circulation  increased,  and  all  stagnation  in  the  smaller 
vessels  prevented.  The  commencement  of  this  practice  early 
will  be  the  means  of  preventing  the  appearance  of  many  con- 
stitutional  diseases.  And  even  where  it  cannot  be  employed 
to  its  full  extent,  still  the  extremities  should  be  every  day 
bathed  in  cold  water,  and  afterwards  well  dried,  and  the  skin 
well  rubbed.  In  this  view,  boys  should  be  encouraged  to  learn 
and  practise  the  salubrious  and  useful  exercise  of  swimming. 

INFANT,  in  Law,  is  a  person  under  21  years  nf  ase,  whose 
capac'ities,  incapneitics,  and  privileges  are  various.  1.  In 
criminal  matters,  the  law  of  England  does,  in  some  cases,  pri- 
vilege an  infant  under  the  ape  of  21,  as  to  common  misdemea- 
nors, so  as  to  escape  fine,  imprisrniiicnt,  and  the  like;  and 
particularly  in  the  cases  nf  omission,  as  not  repairing  a  bridge, 
or  a  highwav.  and  other  similar  ollVnces ;  for.  not  having  the 
command  of  liis  forluno  till  the  nge  of  21,  he  wants  the  capacity 
to  do  those  things  which  the  law  requires.  But  where  there  is 
any  notorious  breach  of  the  peace,  a  riot,  battery,  or  the  like, 
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(which  infants,  when  full  grown,  are  al  least  as  liable  as  others 
to  commit,)  for  these,  an  infant  iihovc  the  a^e  of  It  is  equally 
liable  to  suffer  as  a  person  of  the  full  age  of  21.  With  regard 
to  capital  crimes,  the  law  is  still  more  minute  and  circum- 
spect, distinguishing  with  greritsr  nicety  the  several  dcjjrecs  of 
age  and  discretion.  2.  In  civil  matters,  the  ages  of  male  and 
female  are  differeut  for  different  purposes.  A  male  at  12  years 
old  may  take  the  oatli  of  allegiance;  at  14,  is  at  the  years  of 
discretion,  e  nd  therefore  may  consent  or  disagree  to  marriage, 
may  choose  his  guardian,  and  if  his  discretion  be  actually 
proved,  may  make  his  testament  of  his  personal  estate;  at  17 
may  be  an  executor ;  and  at  21  is  at  his  own  disposal,  and 
may  alien  his  land,  goods,  and  chattels.  A  female  also,  at  7 
years  of  age,  may  be  betrothed  or  given  in  marriage ;  at  9  is 
entitled  to  dower  ;  at  12  is  at  the  years  of  maturity,  and  there- 
fore may  consent  or  disagree  to  marriage,  and,  if  proved  to 
have  sufficient  discretion,  may  bequeath  her  personal  estate ; 
at  14  is  at  the  years  of  legal  discretion,  and  may  clioose  a 
guardian;  at  17  :iiay  be  executrix;  and  at  21  may  dispose  of 
herself  and  her  lands.  So  that  full  age,  in  male  or  female,  is 
21  years,  whicli  age  is  completed  on  the  day  preceding  the 
anniversary  of  a  person's  birth  ;  who  till  that  time  is  an  infant, 
and  so  styled  in  law.  The  very  disabilities  of  infants  are  pri- 
vileges, in  order  to  secure  them  from  hurting  themselves  by 
their  own  improvident  acts.  An  infant  cannot  be  sued  but 
under  the  protection,  and  joining  the  name,  of  his  guardian ; 
for  he  is  to  defend  him  against  all  attacks,  as  well  by  law  as 
otherwise:  but  he  may  sue  either  by  his  guardian,  or  prochcin 
amie,  his  next  friend,  who  is  not  his  guardian.  This  prochcin 
amie  may  be  any  person  who  \^'ill  undertake  the  infant's  cause  ; 
and  it  frequently  happens,  that  an  infant,  by  his  prochcin  amie, 
institutes  a  suit  in  equity  against  a  fraudulent  guardian.  With 
regard  to  estates  and  civil  properly,  an  infant  hath  many  pri- 
vileges. In  general,  an  infant  shall  lose  nothing  by  iionclaim, 
or  neglect  of  demanding  his  right,  nor  shall  any  other  laches  or 
negligence  be  imputed  to  an  infant,  except  in  some  very  parti- 
cular cases. 

INFANTRY,  in  Military  affairs,  the  whole  body  of  foot- 
soldiers,  whether  independent  companies  or  regiments.  The 
word  takes  its  origin  from  one  of  the  infantas  of  Spain,  who, 
finding  that  the  army  commanded  by  the  king,  her  father,  had 
been  defeated  by  the  Moors,  assembled  a  body  of  foot-soldiers, 
and  with  them  engaged  and  totally  routed  the  enemy.  In 
memory  of  this  event,  and  to  distinguish  the  foot-soldiers,  who 
were  not  before  held  in  much  consideration,  they  received  Ihj 
name  of  infantry. 

Heavy-armed  Infantry,  among  the  ancients,  were  such  as 
wore  a  complete  suit  of  armour,  and  engaged  with  broad 
shields  and  long  spears.  They  were  the  flower  and  strength 
of  the  Grecian  armies,  and  had  the  highest  rank  of  military 
honour. 

Liyhtarmed  Infantry,  among  the  ancients,  were  designed 
for  skirmishes,  and  for  fighting  at  a  distance.  Tlieir  vveapons 
were  arrows,  darts,  or  slings. 

IJyhl  Infantry,  among  the  moderns,  have  only  been  in  use 
since  the  year  1630.  They  have  no  camp  equipage  to  carry, 
and  their  arms  and  accoutrements  are  much  lighter  than  those 
of  the  infantry.  Lisht  infantry  are  the  eyes  of  a  general,  and 
the  givers  of  sleep  and  safety  to  an  army.  Wherever  there  is 
found  light  cavalry,  there  should  be  light  infantry.  Tliey  should 
be  accustomed  to  the  pace  of  four  miles  an  hour,  as  their  usual 
marching  pace,  and  to  be  able  to  march  five  miles  an  hour  upon 
all  particular  occasions.  Most  of  the  powers  on  1!:3  continent 
have  light  infantry.  It  is  only  of  late  years,  th-.l  !i,Tht  infantry 
came  to  be  used  in  the  British  army  ;  but  now  every  regiment 
has  a  company  of  light  infantry  attached  to  :  S,  v.'')^--o  station  is 
on  the  left  of  the  regiment,  the  right  being-  occupied  by  the 
grenadiers. 

INFINITE,  is  a  term  applied  to  quantities  which  are  greater 
than  any  assigned  quantities  ;  also  quantities  that  are  less 
than  any  assignable  quantity,  are  said  to  be  inliniteiy  small. 

Infinite  also  is  sometimes,  though  improperly,  used  in  the 
ssmc  sense  as  indefinite,  to  denote  a  line  or  quantity  to  which 
i>u  certain  bounds  or  limits  are  prescribed. 

Infinite  quantities  are  not  necessarily  equal,  but  may  have 
any  ratio  to  each  other ;  thus  a  line  which  is  inliniteiy  extended 


from  a  certain  point,  in  only  one  direction,  is  but  half  that 
which  is  infinitely  extended  from  the  same  point  in  two  direc- 
tions. In  the  same  way  we  may  conceive  a  rectangular  plane 
to  be  extended  in  one,  two,  three,  or  four  diflerent  directions  ; 
and  thus  to  form  four  diflerent  infinite  planes,  being  to  each 
other  as  the  numbers  1,  2,  3.  and  4. 

In  the  same  way,  a  solid  may  be  conceived  to  be  extended  in 
six  diflerent  directions;  forming  infinite  solids,  which  shall  have 
to  each  other  certain  and  determinate  ratios. 

In  the  same  way  we  may  conceive  an  infinite  quantity,  which 
is  infinitely  less  than  another  infinite  quantity  ;  thus,  if  two  infi- 
nite right  lines  be  drawn  parallel  to  each  other  at  any  finite 
distance  in  a  plane  infinitely  extended  in  all  directions,  the 
infinite  space  included  between  them,  will  be  infinitely  less  than 
the  infinite  plane  in  which  they  are  drawn,  for  the  breadth  or 
distance  between  these  lines  is  infinitely  less  than  that  of  the 
infinitely  extended  plane. 

Infinitf.,  that  which  has  neither  beginning  nor  end;  in 
which  sense  God  alone  is  infinite.     See  GoD. 

Infinitf..  or  Infinitehi  Great  Line,  in  Geometry,  denotes 
only  an  indefinite  or  indeterminate  line,  to  which  no  certain 
bounds  or  limits  are  prescribed. 

INFINITESIMAL,  or  Infinitely  small  Quantity,  is  that 
which  is  so  small,  as  to  be  incomparable  with  any  finite  quan* 
tity  whatever,  or  it  is  that  which  is  less  than  any  assignable 
quantity. 

In  the  Method  of  Infinitesimals,  the  element  by  which  a 
quantity  increases  or  decreases,  is  supposed  to  be  infinitely 
small,  and  is  generally  expressed  by  two  or  more  terms  ;  some 
of  which  are  infinitely  less  than  the  rest,  which  being  neglect- 
ed, as  of  no  importance,  the  remaining  terms  form  what  is 
called  the  difl'erence  of  the  proposed  quantity.  The  terms  that 
are  thus  neglected,  are  infinitely  less  than  the  other  terms  of 
the  element,  and  are  the  same  which  arise  in  consequence  of 
the  acceleration  or  retardation  of  the  generating  motion,  during 
the  infinitely  small  instant  of  lime  in  which  the  element  was 
generated  ;  so  that  the  remaining  terms  express  the  element  that 
would  have  been  formed  in  that  time,  if  the  generating  motion 
had  continued  uniform. 

These  differences  are,  therefore,  in  exactly  the  same  ratio  to 
each  clh:r,  as  the  generating  motions  or  fluxions  ;  and  hence, 
.iic:^,h  infinitesimal  parts  of  the  elements  are  neglected,  the 
conclusions  are  accurately  true,  in  consequence  of  what  may 
be  termed  a  compensation  of  errors. 

INFLAMMABILITY,  that  property  of  certain  bodies  by 
which  they  kindle  or  catch  fire. 

INFLECTION,  called  also  Diffraction  and  Deflf.ction, 
in  Optics,  is  a  property  of  light,  by  reason  of  which,  when  it 
comes  within  a  certain  distance  of  anybody,  it  will  be  either 
bent  from  it  or  towards  it;  which  is  a  kind  of  imperfect  reflec- 
tion or  refraction. 

Experiments  and  observations  seem  to  reduce  the  phenome- 
na of  iufleetion  to  a  single  principle,  viz-  of  the  attraction  of 
light  towards  bodies  ;  which  attraction  becomes  conspicuous 
when  the  rays  of  light  pass  within  a  certain  distance  of  their 
surfaces.  Besides  their  being  bent,  the  rays  of  light  are  like- 
wise separated  into  colours  by  the  vicinity  of  bodies,  and  this 
produces  the  singular  phenomenon  of  the  coloured  fringes  that 
accompany  the  inflection. 

Inflection,  or  Point  of  Inflection,  in  the  Higher  Geometry, 
is  a  point  where  a  curve  begins  to  bend  a  contraryway. 

Inflection,  in  Grammar,  the  variation  of  nouns  and  verbs, 
by  declension  and  conjugation. 

INFLORESCENCE,  in  Botany,  a  term  used  to  denote  the 
mode  of  flowering;  the  manner  in  which  flowers  are  supported 
on  their  footstalks. 

IN  FORMA  PAUPERIS.  When  any  man  who  has  a  just 
cause  of  suit,  either  in  chancery  or  any  of  the  courts  of  common 
law,  will  come  before  the  lord  keeper,  master  of  the  rolls,  either 
of  the  chief  justices,  or  chief  haron,  iind  make  oath  that  he  is 
not  worth  live  pounds,  his  debts  paid  ;  either  of  the  said  judges 
will,  in  his  own  proper  court,  admit  him  to  sue  In  for nui  pau- 
peris, or  as  a  poor  man,  and  he  shall  have  c  unsel,  clerk,  or 
attorney  assigned  him,  to  do  his  business,  without  paying 
any  fees. 

iNFOi^..A.T.TION,  in  Law,  is  nearly  the  sanoe  in  the  crowa 
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office,  as  what  in  otlicr  courts  is  called  a  Declaration.  See 
Prosecution.  Informations  are  of  two  sorts:  first,  those 
■which  are  partly  at  the  suit  of  the  king,  and  partly  at  that  of  a 
subject;  and  secondly,  such  as  are  only  in  the  name  of  the 
kinfj.  The  former  are  usually  brought  upon  penal  statutes, 
which  inflict  a  penalty  upon  conviction  of  the  olfendcr,  one 
part  to  the  use  of  the  king,  and  another  to  the  use  of  the  in- 
former. By  the  statute  31  Eliz.  c.  5.  no  prosecution  upon  any 
penal  statute,  the  suit  and  bcnelit  whereof  are  limited  in  part 
to  the  king  and  in  part  to  the  prosecutor,  can  be  brought  by 
any  common  informer  after  one  year  is  expired  since  the  com- 
mission of  the  offence;  nor  on  behalf  of  the  crown,  after  the 
lapse  of  two  years  longer ;  nor  where  the  forfeiture  is  originally 
given  only  to  the  king,  can  such  prosecution  be  had  after  the 
expiration  of  two  years  from  the  commission  of  the  offence. 
The  informations  that  are  exhibited  in  the  name  of  the  king 
alone,  arc  also  of  two  kinds:  first,  those  which  are  truly  and 
properly  his  own  suits,  and  fded  ex  officio  by  his  own  imme- 
diate oiliccr,  the  attorney-general ;  secondly,  those  in  which, 
though  the  king  is  the  nominal  prosecutor,  yet  it  is  at  the 
relation  of  some  private,  or  common  informer;  and  they  are 
filed  by  the  king's  coroner  and  attorney  in  the  court  of  the 
King's  Bench,  usually  called  the  master  of  the  crown  office,  who 
is  for  this  purpose  the  standing  ollicer  for  the  public.  The 
objects  of  the  other  species  of  information,  filed  by  the  master 
of  the  crown  olhce,  upon  the  complaint  or  relation  ol  a  private 
subject,  are  any  gross  and  notorious  misdemeanors,  riots,  bat- 
teries, libels,  and  other  immoralities  of  an  atrocious  kind,  not 
peculiarly  tending  to  disturb  the  government,  (for  those  are 
left  to  the  care  of  the  attorney-general ;)  but  which,  on  account 
of  their  magnitude  or  pernicious  example,  deserve  the  most 
public  animadversion.  And  when  an  information  is  fded, 
either  thus,  oi  by  the  attorney-general  ex  officio,  it  must  be 
tried  by  a  petty  jury  of  the  county  where  the  olfence  arises  : 
after  which,  if  the  defendant  be  found  guilty,  he  must  resort  to 
the  court  for  his  punishment- 

INFORMES  Stella,  unformed  stars,  are  those  which  have 
not  been  yet  reduced  into  constellations,  and  are  otherwise 
called  sporades.  In  the  earlier  ages  of  astronomical  science, 
the  most  conspicuous  only  of  the  assemblages  of  stars  were 
classed  as  constellations.  From  the  sporades  of  the  ancient, 
the  moderns  have  arranged  many  new  asterisms,  for  an  account 
of  which  we  must  refer  the  reader  to  Jamiesuii's  Celestial  Atlas. 

INFUSION,  in  Chemistry,  is  the  maceration  of  any  sub- 
stance in  water,  or  any  other  liquid,  hot  or  cold,  in  order  to 
extract  its  soluble  parts.  The  liquid  which  is  thus  impregnated 
is  called  an  infusion, 

INFUSORIA,  in  Natural  History,  the  fifth  order  of  the  class 
vermes,  in  the  Linnasan  system.  They  are  simple  microsco- 
pic animalcules.  Theprocess  by  which  their  numbers  are  some- 
times increased,  is  no  less  astonishing  than  their  (irst  produc- 
tion. Several  of  the  genera  often  seem  to  divide  spontaneously 
into  two  or  more  parts,  which  become  new  and  distinct  animals. 

INGOT,  in  the  arts,  is  a  small  bar  of  metal  made  of  a  certain 
form  and  size.  The  term  is  chielly  applied  to  the  small  bars  of 
gold  and  silver,  intended  either  for  coining,  or  exportation  to 
foreign  countries. 

INGRAFTING,  in  Gardening.     See  Grafting. 

INGRATITUDK,  the  opposite  of  gratitude.  See  Gratiti'DE. 
Ingratitude  is  a  crime  so  shameful,  that  there  was  never  a  man 
found  who  would  own  himself  guilty  of  it ;  and,  though  too  fre- 
quently praelisod,  it  is  so  abhorred  by  the  general  voice,  that 
to  an  ungrateful  person  is  imputed  the  guilt,  or  the  capability, 
of  all  other  crimes.  The  ungrateful  are  neitlicr  fit  to  love  their 
Maker,  their  country,  nor  their  fricruls.  Ingratitude  perverts 
all  the  measures  of  religion  and  .society,  by  making  it  danger- 
ous to  be  charitable  and  good  natured.  However,  it  is  better 
to  expose  ourselves  to  ingratitude,  than  to  be  wanting  in 
charity  and  benevolence. 

INGIJESS,  in  Astronomy,  is  the  entrance  of  the  sun  into  any 
of  the  zodiacal  signs,  especially  into  Aries. 

INHALER,  a  machine  used  for  steaming  the  lungs  with  the 
yapour  of  hot  water,  for  the  cure  of  a  cough,  cold,  inllaraed 
tliroat,  &c. 

INllKRITANCE,   a   perpetual   right   or   interest  in  lands, 
invested  iu  a  person  and  his  heirs.    See  Descent. 
63. 


INHIBITION,  a  writ  to  inhibit  or  forbid  a  judge  from  fur. 
ther  proceeding  in  a  cause  depending  before  him.  Sometimes 
prohibition  and  inhibition  are  put  together,  as  of  the  same  im- 
port; but  inhibition  is  most  commonly  a  writ  issuing  out  of  a 
higher  court-christian  to  a  lower ;  and  prohibition,  of  the 
king's  court  to  an  inferior  court. 

Inhibition,  in  Scots  Law,  a  diligence  obtained  at  the  snit  of 
a  creditor  against  his  debtor,  proliibiling  from  selling  or  con- 
tracting debts  upon  his  estate  to  the  creditor's  prejudice. 

INJECTION,  the  forcibly  throwing  certain  lirpiid  medicines 
into  the  body,  by  means  of  a  syringe,  tube,  or  ihe  like. 

Injection,  in  Surgery,  the  throwing  in  some  liquor  or  medi- 
cines into  a  vein  opened  by  incision.  This  practice,  and  that 
of  transfusion,  or  the  conveying  the  arterial  blood  of  one  man, 
or  other  animal,  into  another,  were  once  greatly  practised,  but 
are  now  laid  aside. 

.(^/irt^omua/ Injection,  the  filling  the  vessels  of  a  human,  or 
other  animal  body,  with  some  coloured  substance,  in  order  to 
make  their  figures  and  ramifications  visible. 

INITIATED,  a  term  properly  used  in  speaking  of  the  reli- 
gion of  the  ancient  heathens  ;  where  it  signifies  being  admitted 
to  the  participation  of  the  sacred  mysteries.  The  word  comes 
from  the  Latin,  initiatus  of  initiare,  initiari ;  which  properly 
signifies  to  begin  sacrificing,  or  to  receive  or  admit  a  person  to 
the  beginning  of  the  mysteries,  or  of  ceremonies  of  less  im- 
portance.  The  ancients  never  discovered  the  deeper  mysteries 
of  their  religion,  nor  even  permitted  some  of  their  temples  to 
be  open,  to  any  but  those  viho  had  been  initiated.  See 
Mystery. 

INJUNCTION,  in  Law,  a  writ  generally  grounded  upon  an 
interlocutory  order  or  decree  out  of  the  Court  of  Chancery  or 
Exchequer,  sometimes  to  give  possession  to  the  plaintifi,  for 
want  of  the  defendant's  appearance  ;  sometimes  to  the  king's 
ordinary  court ;  and  sometimes  to  the  court-ehri.stian,  to  stop 
proceedings  in  a  cause,  upon  suggestion  made,  that  the  rigour 
of  the  law,  if  it  take  place,  is  against  equity  and  conscience  in 
that  case  ;  that  the  complainant  is  not  able  to  make  his  defence 
in  these  courts,  for  want  of  witnesses,  &c.  or  that  they  act 
erroneously,  denying  him  some  just  advantage.  The  w  rit  of  in- 
junction is  directed  not  only  to  the  party  himself,  but  to  all  and 
singular  his  counsellors,  attorneys,  and  solicitors ;  and  if  any 
attorney,  after  having  been  served  with  an  injunction,  proceeds 
afterwards  contrary  to  it,  the  Court  of  Chancery  will  commit 
the  attorney  to  the  fleet  for  contempt.  But  if  an  injunction  be 
granted  by  the  Court  of  Chancery  in  a  criminal  matter,  the 
Court  of  King's  Bench  may  break  it,  and  protect  any  that  pro- 
ceed in  contempt  of  it. 

INK-MAKING.  Inks  arc  fluid  compounds,  designed  to 
form  characters,  or  figures,  on  paper,  parchment,  or  such  other 
substance  as  may  be  fit  to  receive  them.  There  are  two  prin- 
cipal kinds  of  ink, — writing,  and  printing  ink. 

To  make  writing  ink.  To  an  infusion  of  gall-nuts  add  some 
solution  of  sulphate  of  iron  (green  copperas)  and  a  very  dark- 
blue  precipitate  will  take  place. 

This  precipitate  is  the  gallic  acid  of  the  galls  united  to  the 
iron  of  the  green  vitriol,  forming  gallat  of  iron.  This  is  the 
basis  of  writing  ink;  add  a  little  gum-arabic:  or  take  eight 
ounces  of  Aleppo  galls,  in  coarse  powder;  four  ounces  of  log- 
wood in  thin  chips  ;  four  ounces  of  sulphate  of  iron  (green  cop- 
peras);  three  ounces  of  gum-arabic,  in  powder;  one  ounce  of 
sidpliate  of  copper  (blue  vitriol);  and  one  ounce  of  sugarcandy. 
Boil  the  galls  and  logwood  together  in  twelve  pounds  of  water 
for  one  hour,  or  till  half  the  liquid  has  been  evaporated.  Strain 
the  decoction  through  a  hair  sieve  or  linen  cloth,  iind  ihtn  add 
tiie  other  ingredients.  Slir  the  mixture  till  the  whole  is  dis- 
solved, more  especially  the  gum;  after  which,  leave  it  to 
subside  for  twenty-lour  hours.  Then  decant  Ihe  ink,  and 
preserve  it  in  bottles  of  glass  or  stone-ware  well  corked. — Or  the 
following  formula  fm  the  preparation  of  good  writing  ink  may 
be  used  :  for  writing  ink,  the  following  proportions  of  materials 
are  deemed  best;  three  ounces  of  finely  bruised  galls;  one 
ounce  of  green  vitriol ;  one  ounce  of  logwood  shavings;  one 
once  of  gum-arabic  ;  half  an  ounce  of  bruised  cloves  ;  one  pint 
of  distilled  vinegar;  one  pint  of  distilled  \«ater.  These  mate- 
rials are  to  be  put  together  in  a  bottle,  and  set  in  a  warm  place 
fourleen  days,  being  well  shaken  every  day.  The  coarser  parts 
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being  allowed  to  subside,  tlie  ink  is  poured  off;  and  its  quality 
IS  materially  improved  by  dissolving  a  slick  of  Indian  ink  and 
ten  grains  of  corrosive  sublimate  in  each  quart;  an  ounce  of 
brown  sugar  may  also  be  added,  if  the  ink  is  intended  to  be 
used  in  the  copying  press. 

i'c  make  red  writin^^  ink:  Take  a  quarter  of  a  pound  of  the 
raspings  of  Brazil  wood,  and  infuse  it  two  or  three  days  in 
vinegar.  Boil  the  infusion  for  an  hour  over  a  gentle  fire,  and 
filter  it  while  hot.  Put  it  again  over  the  fire,  and  dissolve  in  it, 
first,  half  an  ounce  of  gum-arabic,  and  then  of  alum  and  white 
sugar  each  half  an  ounce. 

Printing  Inh.  Printers'  ink  is  composed  of  lamp  black  and  lin- 
seed or  suet  oil  boiled,  so  as  to  acquire  consistence  and  tenacity. 
The  obtaining  of  good  lamp  black  appears  to  be  the  chief  diffi- 
culty in  making  this  ink.  The  ink  used  by  copperplate  printers, 
differs  from  the  last  only  in  that  the  oil  is  not  so  much  boiled, 
and  the  using  of  Frankfort  black. 

Sympathetic  inks  are  such  as  do  not  appear  after  they  are 
writtrn  with,  but  may  be  made  apparent  by  certain  means  to  be 
used  for  this  purpose.  A  variety  of  substances  have  been  used 
for  this  purpose.     We  shall  describe  the  chief  of  them. 

1.  Dissolve  sugar  of  lead  in  water,  write  «ith  the  solution, 
and  v.hen  dry,  no  writing  will  be  visible.  When  you  want  to 
make  it  appear,  wet  the  paper  with  a  solution  of  alkaline  sul- 
phuret,  and  the  letters  will  immediately  appear  of  a  brown 
colour.  Even  the  vapours  of  these  solutions  will  render  the 
writing  apparent. 

2.  Write  with  a  solution  of  gold  in  aqua  regia,  let  the  paper 
dry  gently  in  the  shade,  and  nothing  will  appear;  but  draw 
over  it  a  sponge  wetted  with  a  solution  of  tin  in  aqua  rer/ia, 
and  the  writing  will  appear  of  a  purple  colour. 

3.  Write  with  an  infusion  of  galls,  and  when  jou  wish  the 
writing  to  appear,  dip  it  into  a  solution  of  green  vitriol ;  the 
letters  will  appear  black. 

4.  Write  with  diluted  sulphuric  acid,  and  nothing  will  be 
visible.  To  render  it  apparent,  hold  it  to  the  fire,  and  the 
letters  will  instantly  become  black. 

5.  The  juice  of  lemons,  or  of  onions,  a  solution  of  sal  ammo- 
niac, green  vitriol,  &c.  answers  the  same  purpose. 

6.  Green  sympathetic  ink  is  made  by  dissolving  cobalt  in 
nitro-miiriatic  acid  :  write  with  tlie  solution,  and  the  letters 
will  be  invisible  till  held  to  the  fire,  when  they  will  appear 
preen,  but  disnppear  completely  again  when  removed  into  the 
cold.  In  this  manner  they  may  be  made  to  appear  and  disap- 
pear at  pleasure. 

A  very  pleasant  experiment  of  this  kind,  is  to  make  a  draw- 
ing, representing  a  winter  scene,  in  which  the  trees  appear  void 
of  leaves,  then  put  the  leaves  on  with  this  s\  mpathetic  ink  ; 
and  upon  holding  the  drawing  near  to  tlie  fire,  the  leaves  will 
begin  to  appear  in  all  the  verdure  of  spring,  and  surprise  those 
who  are  not  in  the  secret. 

Blue  sympathetic  ink  is  made  by  dissolving  cobalt  in  nitric 
acid;  precipitate  the  cobalt  by  potash;  dissolve  this  precipi- 
tated oxyd  of  cobalt  in  acetic  acid,  and  add  to  the  solution 
one-eighth  of  com'ron  salt.  This  will  form  a  sympathetic  ink, 
which,  when  cold,  will  be  invisible,  but  will  appear  blue  by  the 
heat  of  tlie  fire. 

INK,  China,  or  Indian.  This  ink  is  brought  over  in  small  ob- 
long cakes,  which  readily  become  diffused  in  water  by  rubbing, 
and  the  blackness  remains  suspended  in  it  for  a  considerable 
time.  Dr.  Lewis,  on  examining  this  substance,  found  that  it 
consisted  of  a  black  sediment  insoluble  in  water,  which  ap- 
peared 10  be  of  the  nature  of  the  finest  lamp-black,  and  of 
another  substance  soluble  in  water,  and  which  putrified,  and 
when  evaporated  left  a  tenacious  jelly-like  glue  or  isinglass. 
It  appears  probable  therefore,  that  it  may  be  imitated  by  using 
a  very  line  jelly,  like  isinglass,  or  size,  and  the  finest  lamp  black, 
and  incorporating  them  tlioroiighlv. 

Ink,  rvmofing  Stains  of.  The  stains  of  ink  on  cloth,  paper,  or 
wood,  may  be  removed  by  almost  all  acids;  but  those  acids 
are  to  be  preferred  which  are  least  likely  to  injure  the  texture 
of  the  stained  substance.  The  umriatic  acid  diluted  with  five 
or  six  times  its  weight  of  water,  may  be  .ipplicd  to  the  spot, 
and,  after  a  minute  or  two,  may  be  washed  off,  repeating  the 
applirafion  as  often  as  may  be  found  necessary.  But  the 
vegetable  acids  are  attended  with  less  risk,  and  are  equally 


effectual.  A  solution  of  the  oxalic,  citric,  (acid  of  lemons,)  ot 
tartareous  acids,  in  water,  may  be  applied  to  the  most  delicate 
fabrics,  without  any  danger  of  injuring  them  ;  and  the  same 
solutions  will  discharge  writing  but  not  printing  ink.  Hence 
they  may  be  employed  in  cleaning  books  which  have  been  de- 
faced by  writing  on  the  margin,  without  impairing  the  te.xt. 
Lemon-juice,  and  the  juice  of  sorrel,  will  also  remove  ink  stains, 
but  not  so  easily  as  the  concrete  acid  of  lemons,  or  citric  acid. 

INNATE  Ideas,  those  supposed  to  be  stamped  on  the  mind 
from  the  first  moment  of  its  existence,  and  which  it  constantly 
brings  into  the  world  with  it ;  it  is  a  doctrine  which  Mr.  Locko 
has  abundantly  refuted. 

INNS  and  Innkeeters.  If  one  who  keeps  a  common  inn 
refuse  either  to  receive  a  traveller  as  a  guest  in  his  house,  or  to 
find  him  victuals  or  lodging,  upon  his  tendering  a  reasonable 
price  for  them,  he  is  not  only  liable  to  render  the  damages  for 
the  injury  in  an  action  on  the  case,  at  the  suit  of  the  party 
grieved,  but  also  may  be  indicted  and  fined  at  the  suit  of  the 
king.  In  return  for  such  responsibility,  the  law  allows  him  to 
retain  the  horse  of  his  guest  until  paid  for  bis  keep  ;  but  he 
cannot  retain  such  horse  for  the  bill  of  the  owner,  although  he 
may  retain  his  goods  for  such  bill;  neither  can  he  detain  one 
horse  for  the  food  of  another.  An  innkeeper,  however,  is  not 
bound  to  receive  the  horse,  unless  the  master  lodge  there  also. 
Neither  is  a  landlord  bound  to  furnish  provisions,  unless  paid 
beforehand.  If  an  innkeeper  make  out  unreasonable  bills,  he 
may  be  indicted  for  extortion  ;  and  if  either  he  or  any  of  his 
servants  knowingly  sell  bad  wine,  or  bad  provisions,  they  will 
be  responsible  in  an  action  of  deceit.  Keeping  an  inn  is  not  tra- 
ding, to  make  a  man  a  bankrupt ;  but  where  an  innkeeper  is  a 
chapman  also,  and  buys  and  sells,  he  may  on  that  aixount  be  a 
bankrupt.  Innkeepers  are  clearly  chargeable  for  the  goods  of 
guests  stolen  or  lost  out  of  their  inns,  and  this  without  any 
contract  or  agreement  for  that  purpose.  But  if  a  person  come 
to  an  innkeeper,  and  desire  to  be  entertained  by  him,  which  the 
innkeeper  refuses,  because  in  fact  his  house  is  already  full, 
whereupon  the  party  says  he  will  shift  among  the  rest  of  his 
guests,  and  there  he  i.s  robbed,  the  host  shall  not  be  charged. 

If  a  man  come  to  a  common  inn  to  harbour,  and  desire  that 
his  horse  may  be  put  to  grass,  and  the  host  put  him  to  grass 
accordingly,  and  the  horse  is  stolen,  the  host  shall  not  be 
charged. — Innkeepers  may  detain  the  person  of  the  guest  who 
eats,  till  payment.  By  the  custom  of  London  and  Exeter,  if  a 
man  commit  a  horse  to  an  hostler,  and  he  eat  out  the  price  of 
his  head,  the  hostler  may  sell  him  upon  the  reasonable  apprais- 
ment  of  four  of  his  neighbours  ;  yet  he  cannot  justify  the  taking 
him  to  himself  at  the  price  it  was  appraised  at. 

INNUENDO,  is  a  word  used  in  declarations  and  law  plead- 
ings, to  ascertain  a  person  or  thing  which  was  not  named  be- 
fore ;  as  to  say  he  (innuendo  the  plaintiff)  did  so  and  so,  when 
there  was  mention  before  of  another  person.  Innuendo  may  serve 
for  an  explanation,  where  there  is  precedent  matter,  but  never 
for  a  new  charge  ;  it  may  supply  what  is  already  expressed, 
but  cannot  add  or  enlarge  the  importance  of  it. 

INOCULATION,  or  Bi'ddfng,  in  Gardening,  is  commonly 
practised  upon  all  sorts  of  stone  fruits;  as  nectarines,  peaches, 
apricots,  plums,  clierries,  as  also  upon  oranges  and  jasmines; 
and  indeed  this  is  preferable  to  any  sort  of  grafting  for  most 
sorts  of  fruit.     For  the  method  of  performingit  see  Gardening. 

INOCULATION,  in  a  physical  sense,  is  used  for  the  trans- 
plantation of  distempers  from  one  subject  to  another,  partieu- 
larly  for  the  engraftment  of  the  small-pox  ;  which,  though  of 
ancient  use  in  the  eastern  countries,  is  but  a  modern  practice 
among  us,  at  least  under  the  direction  of  art. 

In  the  year  1717,  Lady  Mary  Wortley  Montague,  wife  ot  the 
English  ambassador  at  Constantinople,  had  her  son  inoculated 
there  at  the  age  of  six  years  ;  he  had  but  few  pustules,  and  soon 
recovered.  lu  April  1721,  inoculation  was  successfully  tried 
on  seven  condemned  criminals  in  London,  by  permission  of 
his  majesty.  In  1722,  Lady  Mary  Montague  had  a  daughter 
of  six  years  old  inoculated  in  this  island  ;  soon  after  which,  the 
children  of  the  royal  family,  that  had  not  had  the  small-pox, 
were  inoculated  with  success;  then  followed  some  of  the 
nobility,  and  the  practice  soon  prevailed.  And  here  we  date 
the  commencement  of  inoculation  under  the  direction  of  art. 
From  the  example  of  the  royal  family  in  England,  the  practice 
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was  adopted   in  Germany,  particularly  in   Hanover  and  its 
adjacent  countries. 

After  Mr.  Mailland  had  succeeded  with  those  he  had  inocu- 
lated in  and  about  London,  he  introduced  the  practice  into 
Scotland  in  the  year  1726.  Sweden  .soon  followed  the  example 
of  the  British.  Russia  engaged  one  of  our  principal  promoters 
and  improvers  of  this  art.  And  now  there  are  not  many  coun- 
tries that  do  not  more  or  less  practise  it. 

Uillercnt  Modes  of  Inoculation. — The  practice  of  inoculation 
having  obtained  in  every  part  of  the  world,  it  may  he  grateful, 
at  least  to  curiosity,  to  have  a  general  account  of  the  dillcrcnt 
modes  that  are  a:uMiave  been  adopted  in  that  practice. 

Inoculation  wilii  the  blood  of  variolous  patients  has  been 
tried  without  elTcct ;  the  variolous  matter  only  produces  the 
variolous  disease.  The  applicationof  the  variolous  matter  takes 
place  in  a  sensible  part  only  ;  the  activity  of  the  virus  is  such, 
that  the  smallest  atom,  though  imperceptible  to  any  of  our 
senses,  conveys  the  disease  as  well  as  the  largest  quantity. 
Hence  the  most  obvious  method  is,  the  prick  of  a  needle  or 
the  point  of  a  lancet  dipped  in  the  matter  of  a  variolous  pustule. 
Cotton  or  thread  is  used,  that  is  previously  rubbed  with  pow- 
dered variolous  scabs;  this  thread  is  drawn  with  a  needle  through 
the  cutis,  but  not  left  in.  This  is  the  method  in  some  parts  of 
the  East  Indies.  The  Indians  pass  the  thread  on  the  outside 
of  the  hand,  between  any  of  the  fingers,  or  belwton  the  fore 
finger  and  thumi).  The  Thcssalian  women  inoculate  in  the 
forehead  and  chin.  Some  abrade  the  scarf  skins,  and  rub  in 
the  powdered  dry  scabs,  which  fall  from  the  pustules  of  patients 
with  the  small-pox. 

Many  of  the  Greek  women  make  an  oblique  puncture  with  a 
needle,  on  the  middle  of  the  top  of  the  forehead,  on  each 
cheek,  the  chin,  each  metacarpus,  and  each  metatarsus  ;  then 
drop  in  each  a  little  of  the  pus  just  taken  warm  from  a  patient, 
and  brought  in  a  servant's  bosom.  Others  in  Greece,  make 
several  little  wounds  with  a  needle  in  one,  two,  or  more  places, 
in  the  skin,  till  some  drops  of  blood  ensue  ;  then  the  operator 
pours  a  drop  of  warm  pus  fresh  from  a  pustule,  and  mi.xes  it 
with  the  blood  as  it  issues  out ;  then  the  wound  is  covered  by 
some  with  a  bandage,  by  others  with  half  a  walnut  shell, 
placed  with  its  concave  side  over  each  orifice.  The  Chinese 
convey  a  pellet  of  variolated  cotton,  with  the  addition  of  a  little 
musk,  into  the  nostrils  of  the  patient ;  they  eolltct  dry  pus- 
tules, and  keep  them  in  a  porcelain  bottle  well  corked  ;  and 
when  they  inoculate,  they  mix  a  grain  of  musk  with  three  or 
four  grains  of  the  dry  scales,  and  roll  them  in  cotton.  This 
method  may  be  called  inodoration. 

About  Bengal,  in  the  East  Indies,  the  person  who  intends  to 
be  inoculated,  having  found  a  house  where;  there  is  a  good  sort 
of  small-pox,  goes  to  the  bed  of  the  sick  person,  if  he  is  old 
enough  ;  or  if  a  child,  to  one  of  his  relations,  and  speaks  to  him 
as  follows: — "  I  am  come  to  buy  the  small-pox."  The  answer 
is,  "  Buy  if  you  please."  A  sum  of  money  is  accordingly 
given,  and  one,  three,  or  five,  pustules,  for  the  number  must 
always  be  odd,  and  not  exceeding  five,  extracted  whole,  and 
full  of  matter.  These  are  immediately  rubbed  on  the  skin  of 
the  outside  of  the  hand  between  the  fore  finger  and  the  tli  iinb  ; 
and  this  suffices  to  produce  tie  disease.  The  same  custom 
prevails  in  Algiers,  Tunis,  Tripoli,  and  other  countries. 

Very  similar  to  the  custom  among  the  people  about  Bengal, 
&c.  is  that  in  Aral)ia,  where  on  some  fleshy  part  they  make 
several  punctures  with  a  needle  imbued  in  variolous  matter, 
taken  from  a  pustule  of  a  favourable  kind.  Here  they  buy  the 
small-pox,  too,  as  follows  : — The  child  to  he  inoculatc<l  carries 
a  few  raisins,  dates,  sugarplums,  or  such  like,  and  shewing 
them  to  the  child  from  whom  the  matter  is  to  be  taken,  asks 
how  many  pocks  he  will  give  in  exchange?  The  bargain  being 
made,  they  proceed  to  the  operation  ;  but  this  buying,  thougji 
still  contiuued,  is  not  thought  necessary  to  the  success  of  the 
operation.  The  Arabs  say,  that  any  fleshy  part  is  proper,  but 
generally  they  insert  the  matter  between  the  fore  finger  and 
thumb  on  the  outside  of  the  arm.  The  Georgians  insert  the 
matter  on  the  fore  arm.  The  Armenians  introduce  the  matter 
on  the  two  thighs.  In  Wales,  the  practice  may  he  termed 
infriction  of  the  small-pox.  There,  some  of  the  dry  pustules 
are  procured  by  purchase,  and  are  rubbed  hard  upon  the  naked 
arm  or  leg. 


The  practice  in  some  places  is,  to  prick  the  skin  between 
some  of  the  fingers  by  means  of  two  small  needles  joined  to  one 
another;  and  after  having  rubbed  a  little  of  the  matter  on  the 
spot,  a  circle  is  made  by  means  of  several  punctures  of  the 
bigness  of  a  common  pustule,  and  matter  is  again  rubbed  over 
it.  The  operation  is  finished  by  dressing  the  wound  with  lint. 
Another  custom  is,  to  mix  a  little  of  the  variolous  matter  with 
sugar,  and  give  it  to  be  drank  in  any  agreeable  liquor. 

Incisions  have  been  made  in  the  arms  and  legs,  and  thread, 
cotton,  or  lint,  previously  dipped  in  the  variolous  matter,  was 
lodged  in  them.  The  practice  of  some  is,  to  bathe  the  feet  iti 
warm  water, and  then  secure  lint  dipped  in  variolous  matter  on 
the  instep,  or  other  part  of  the  foot,  where  the  skin  is  thin. 
Others  apply  a  small  blistering  plaster;  and  when  the  scarf 
skin  is  elevated  and  slipped  off,  the  variolus  matter  is  applied  to 
the  surface  of  the  true  skin,  and  confined  there  by  a  little  lint 
or  plaster.  Scratching  the  skin  with  a  pin  or  needle,  and  then 
rubbing  the  part  with  lint  previously  dipped  in  variolous  matter, 
i:;  the  custom  in  some  places — In  the  Highlands  of  Scotland 
they  rub  some  part  of  the  skin  with  fresh  matter,  or  dip 
worsted  in  variolous  matter,  and  lie  it  about  the  children's 
wrists.  They  observe,  that  if  fresh  matter  is  applied  a  few 
days  successively,  the  infection  is  more  certain  than  by  ono 
application. 

We  have  thus  given  the  history  of  inoculation  for  the  small- 
pox, which  not  many  years  ago  was  justly  regarded  as  one  of 
the  greatest  discoveries  which  had  been  made  for  the  benefit  of 
mankind,  and  would  still  be  regarded  as  such,  had  it  not  given 
place  to  one  still  more  valuable  and  important,  the  vaccine 
inoculation  or  cow-pox,  which  now  promises  to  banish  the 
small-pox  from  the  world.  For  an  account  of  this,  see  Vacci- 
nation. 

It  would  be  quite  unnecessary  to  enter  into  the  detail  of  the 
advantages  to  be  derived  from  inoculation  for  the  smallpox, 
and  the  methods  of  performing  or  preparing  for  it  formerly 
practised.  But  as  a  curious  part  of  the  history  of  this  prac- 
tice, we  shall  just  barely  mention  some  of  the  objections  w  hicli 
have  been  urged  against  it.  It  has  been  said,  that  inoculation 
for  the  small-pox  is  unlawful ;  that  it  is  bringing  a  distemper 
on  ourselves,  and  thus  usurping  the  sacred  prerogative  of 
God  ;  that  the  decrees  of  God  have  fixed  the  commission  of 
every  disease,  and  our  precautions  cannot  prevent  what  he 
hath  determined  ;  that  we  should  not  do  evil  that  good  may 
come ;  that  the  patient  may  die,  and  then  his  last  moments  are 
distressed,  and  the  future  reflections  of  his  friends  are  grievous  ; 
that  fear  is  a  dangerous  passion  in  the  small-pox,  but  inocu- 
lation increases  the  causes  of  fear,  by  lessening  our  faith  and 
trust  in  God  ;  that  inoculation  docs  not  exempt  from  future 
infection;  that  other  diseases  arc  communicated  with  the  mat- 
ter of  the  small-pox  by  inoculating  it;  that  perhaps  the  dis- 
ease may  never  attack  in  the  natural  way  ;  that  it  requires 
much  thought  to  know  what  we  should  do  with  regard  to  inocu- 
lation; that  it  endangers  others,  and  that  the  practice  of  ino- 
culation comes  from  the  devil. 

INORDINATE  Proportion,  is  where  there  are  three  mag- 
nitudes in  one  rank,  and  three  others  proportional  to  them  in 
another,  and  you  compare  them  in  a  different  order.  Thus 
suppose  the  numbers  in  one  rank  to  be  2,  .T,  9,  and  those  of  the 
other  rank  8,  24,  3C,  which  are  compared  in  difl'ercnt  order, rir. 
2  :  .3  : :  24  :  ;5C  ;  and  3  :  9  : :  8  :  24.  Then  rejecting  the  mean 
terms  of  each  rank,  you  conclude  2  :  9  : :  8  :  3C. 

INQUEST,  in  Law,  an  inquisition  by  jurors  or  a  jury. 

INQUISITION,  in  Law.  a  manner  of  proceedini;  by  .search 
or  examination. on  the  king's  behalf,  in  cases  of  outlawry,  or  self- 
murder,  to  discover  the  lands,  goods,  &c.  forfeited  to  the  crown. 
Inquisition  is  -also  had  upon  extents  of  lands,  tenements.  &e., 
writs  of  elegit,  and  where,  judgment  being  had  by  default, 
damages  and  eo.sts  are  recovered. 

Inquisition,  in  the  Church  of  Rome,  a  tribunal  in  several 
Roman  Catholic  couulries,  erected  by  the  popes  for  the  exami- 
nation and  punishment  of  heretics. 

INROLLMENT,  in  Law,  is  the  registering,  recording,  or  en- 
tering in  the  rolls  of  the  Chancery,  King's  Bench,  Common 
I'leas,  or  Exche<iuer,  or  by  the  clerk  of  the  peace,  in  the  records 
of  the  quarter  sessions,  or  any  lawful  act;  a  statute  or  recogni- 
zance acknowledged,  a  deed  of  bargain  a;u!  sale  of  lands,  and 


516 


INS 


DICTIONARY   OF    MECHANICAL   SCIENCE. 


I  N  S 


the  like-  By  statute-  27  Henry  VIII.  c.  16,  no  lands  shall  pass 
whereby  any  estate  of  inheritance  or  freehold  shall  take  effect, 
or  any  use  thereof  be  made,  by  reason  only  of  any  bargain  and 
sale  thereof,  except  the  bargain  and  sale  be  made  by  writing 
indented,  sealed,  and  within  six  months  inrolledin  one  of  the 
king's  courts  of  record  at  Westminster;  or  else  within  the 
county  where  the  lands  lie,  before  the  clerk  of  the  peace,  and 
one  or  more  justices.  But  by  5th  Elizabeth,  c.  26,  in  the  coun- 
ties palatine,  they  may  be  inrolled  at  the  respective  courts 
there,  or  at  the  assizes.  Every  deed  before  it  is  inrolled  is  to 
be  acknowledged  to  be  the  deed  of  the  party  before  a  master 
of  chancery,  or  a  judge  of  the  court  wherein  it  is  inrolled,  which 
is  the  officer's  warrant  for  inrolling  it ;  and  the  inrolment  of  a 
deed,  if  it  be  acknowledged  by  the  grantor,  will  be  a  good  proof 
of  the  deed  itself  upon  a  trial. 

INSCRIBED  Figure,  in  Geometry,  is  one  which  has  all  its 
angles  in  the  sides  or  periphery  of  another  ligure,  in  which  the 
former  is  said  to  be  inscribed. 

To  inscribe  a  circle  in  a  trianqh 
ABC. 

Bisect  any  two  of  the  angles  A 
and  B,  and  from  the  point  of  inter- 
section O,  let  fall  the  perpendicular 
OD  ;  so  will  O  D  be  the  radius  and  O 
the  centre  of  the  citcle  required. 

To  inscribe  a  Poli/gon  within,  or  to 
circumscribe  a  Poli/ffon  about  a  given 
Circle. 

Bisect  two  of  the  angles  of  the 
given  polygon  A  and  B  by  the  right 
lines  A  O,  B  O  ;  and  from  the  point 
O,  where  they  meet,  with  the  radius 
A  O,  describe  a  circle  w  hich  will 
circumscribe  the  polygon. 

Next,  to  circumscribe  a  polygon, 
divide  360  by  the  number  of  sides  re- 
quired, to  find  the  angle  A  O  B  ;  which  set  off  from  the  centre 
O,  and  draw  the  line  A  B,  on  which  construct  the  polygon  as  in 
the  following  problem.  2,  On  a  given  line  to  describe  any 
given  regular  polygon.  Find  the  angle  of  the  polygon  in  the 
table,  and  at  A  set  off  an  angle  equal  thereto  ;  then  drawing 
C  A  iz:  A  B,  through  the  points  CAB,  describe  a  circle,  and  in 
this  applying  the  given  right  line,  as  often  as  you  can,  the  poly- 
gon will  be  described. 

Inscribed  Hyperbola,  that  which  lies  wholly  within  the  angles 
of  its  symptotes;  as  does  the  common  or  conical  hyperbola. 

INSCRIPTION,  a  title  or  writing  affixed  to  any  thing,  to 
give  some  farther  knowledge  of  it,  or  to  transmit  some  im- 
portant truth  to  posterity.  Antiquaries  are  very  curious  in 
examining  ancient  inscriptions  found  on  stones  and  other 
monuments  of  antiquity.  Sanchoniathon,  contemporary,  as  it 
is  said,  with  Gideon,  drew  most  of  the  memoirs  whereof  his 
history  is  composed  from  inscriptions  which  he  found  in  tem- 
ples and  on  columns,  both  among  the  Heathens  and  the 
Hebrews. 

INSECTS,  are  not  furnished  with  red  blood,  but  instead  of 
it  their  vessels  contain  a  transparent  lymph.  They  are  destitute 
of  internal  bones ;  but  in  place  of  them  are  furnished  with  a 
hard  external  covering,  to  which  the  muscles  are  attached, 
which  serves  them  both  for  skin  and  bones  ;  they  are  likewise 
without  a  spine  formed  of  vertebra;.  They  are  furnished  with 
articulated  legs,  six  or  more.  A  very  great  number  of  insects 
undergo  a  metamorphosis,  which  takes  place  in  all  winged 
insects.  They  frequently  change  their  skin  in  the  progress  of 
their  growth.  A  very  great  number  of  insects  are  furnished 
with  jaws  placed  transversely.  The  wings  with  which  a  very 
great  number  of  insects  are  furnished,  distinguish  them  from  all 
other  animals  which  are  not  furnished  w  ith  a  spine  composed  of 
vertebras.  Insects  are  generally  oviparous.  Scorpions  and 
aphides  during  thesunmier  months  are  viviparous.  Incubation 
is  not  necessary  for  hatching  their  eggs.  In  many  insects,  such  as 
the  crab,  lobster,  &c.  the  external  covering  is  very  hard,  and 
destitute  of  organization  ;  it  is  composed  of  a  calcareous  earth, 
mixed  with  a  small  quantity  of  gelatine,  formed  by  an  exudation 
from  the  surface  of  the  body.    As  its  hardness  would  check  the 


growth  of  the  animal,  nature  has  provided  a  remedy ;  all  of 
these  crustaceous  insects  cast  their  shell  annually.  The  skin 
of  most  other  insects  is  softer  and  organized,  being  formed  of 
a  number  of  thin  membranes,  adhering  closely  to  one  another, 
putting  on  the  appearance  of  horn.  It  owes  its  greater  softness 
to  a  large  portion  of  gelatine.  The  muscles  of  insects  consist, 
of  fibres  formed  of  fasciculi ;  there  are  commonly  but  two  mus- 
cles to  produce  motion  in  any  oftheirlimbs, theoneanextensor, 
the  other  a  flexor.  These  muscles  are  commonly  attached  to  a 
tendon,  composed  of  a  horny  substance  connected  to  the  part 
which  they  are  destined  to  put  in  motion.  In  most  insects  the 
brain  is  situated  a  little  above  the  oesophagus;  it  divides  into 
two  large  branches  which  surround  the  oesophagus,  and  unite 
again  under  it,  from  which  junction  a  whitish  nervous  cord 
proceeds,  corresponding  to  the  spinal  marrow  of  the  superior 
animals,  which  extends  the  w  hole  length  of  the  body,  forming  in 
its  course  twelve  or  thirteen  knots  or  ganglions,  from  each  of 
which  small  nerves  proceed  to  diU"erent  parts  of  the  body.  It 
appears  pretty  evident  that  they  possess  vision,  hearing,  smell, 
and  touch;  as  to  the  sense  of  taste,  we  are  left  to  conjecture, 
for  we  are  acquainted  with  no  facts  by  which  we  can  prove 
that  insects  do  not  enjoy  the  sense  of  taste.  The  eyes  of  insects 
are  of  two  kinds:  the  one  compound,  composed  of  lenses,  large, 
and  only  two  in  number  ;  the  other  are  small,  smooth,  and  vary 
in  number  from  two  to  eight.  The  small  lenses  which  form 
the  compound  eyes  are  very  numerous  ;  they  amount  in  some 
insects  to  many  hundreds.  The  far  greater  number  of  insects 
have  only  two  eyes,  but  some  have  three,  some  four,  some  six, 
some  eight.  The  eyes  of  insects  are  commonly  immovable. 
Their  ears  have  been  discovered  at  the  root  of  their  antennae, 
and  can  be  distinctly  seen  in  some  of  the  large  kinds,  as  the 
lobster.  The  faculty  of  smelling  is  the  most  perfect  of  all  their 
senses.  Beetles,  of  various  sorts,  the  different  species  of  der- 
mestes,  flies,  &c.  perceive  at  a  considerable  distance  the  smell 
of  ordure  and  dead  bodies.  Insects  feed  on  a  great  variety  of 
substances  ;  there  are  few  things  either  in  the  vegetable  or  animal 
kingdoms  which  are  not  consumed  by  some  of  them.  As  many 
insects  cannot  transport  themselves  easily  in  quest  of  food,  to 
places  at  a  distance  from  one  another,  nature  has  furnished  the 
perfect  insects  of  many  species  with  an  instinct  which  leads 
them  to  deposit  their  eggs  in  situations  where  the  larva;  as  soon 
as  hatched  may  find  that  kind  of  food  which  is  best  adapted  to 
their  nature.  Some  insects,  at  diflerent  periods  of  their  exis- 
tence, make  use  of  aliment  of  very  different  properties  ;  the 
Jarva;  of  some  are  carnivorous,  while  the  perfect  insect  feeds 
on  the  nectareous  juice  of  flowers.  Some  authors  have  assert- 
ed that  insects  have  no  lungs  ;  but  later  experience  and  obser- 
vation shew,  that  no  species  wants  them,  or  at  least  something 
similar  to  them  ;  and  in  many  insects  they  are  larger  in  propor- 
tion to  their  bodies  than  in  other  animals.  In  most  of  them 
they  lie  at  or  near  to  the  surface  of  the  body,  and  send  out  lateral 
pores  or  trachea;.  Insects  do  not  breathe  through  the  mouth 
or  nostrils  ;  there  are  a  number  of  vessels  for  the  reception  of 
air,  placed  along  on  each  side  of  the  body,  w  hich  are  commonly 
called  spiracula,  which  are  subdivided  into  a  number  of  smaller 
vessels,  orbronchice;  the  vessels,  or  trachea;,  which  proceed 
from  the  pores  on  the  sides,  are  not  composed  of  a  simple  mem- 
brane, but  are  tubes  formed  of  circular  rugae;  the  spiracula 
are  distinguishable,  and  are  covered  with  a  small  scaly  plate, 
with  an  opening  in  the  middle  like  a  button-hole,  which  is  liir- 
nished  with  membranes  or  threads,  to  prevent  the  admission  of 
extraneous  bodies. 

Insects  are  the  only  animals  without  vertebrae,  in  which  the 
sexes  arc  distinguished.  All  insects  are  either  male  or  female, 
except  in  a  few  of  the  genera  of  theorderof  hymenoptera.  The 
male  is  always  smaller  than  the  female.  The  colours  of  the 
male  are  commonly  muchmorebrilliant  than  those  of  the  female, 
in  some  insects  the  colours  of  the  male  is  totally  different  from 
that  of  the  female:  the  antennic  of  the  male  are  commonly  of  a 
different  form,  and  larger  than  those  of  the  female  ;  frequently 
the  males  are  furnished  with  wings,  while  the  females  have  none; 
the  female  bee  is  furnished  with  a  sting,  while  the  male  is  des- 
titute of  one  ;  the  males  of  some  insects  are  furnished  with 
sharp  prominent  points,  resembling  horns  situated  either  on 
the  head  or  breast,  which  are  either  not  perceptible,  or  very 
faintly  marked,  in  the  female.     The  parts  essential  to  genera- 
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tion  afford  the  best  distinfuishing  mark  ;  in  most  insects  tliey 
are  situated  near  the  extremity  of  the  rectum.  See  Entomology 
and  Lakv,'.. 

INSOLATION,  in  Pharmacy,  a  method  of  preparing  certain 
fruits,  drills,  &c.  by  exposing  them  to  the  heat  of  the  sun's 
rays  ;  cither  to  dry,  to  maturate,  or  to  sharpen  them  ;  as  is  done 
in  vinegar,  figs,  &c.  The  word  comes  from  the  Latin  verb  I'n- 
solare,  vvhinh  is  used  by  Pliny  and  Columella,  and  signifies,  to 
expose  to  tlie  sun. 

INSOLUBILITY,  in  Chemistry.  The  insolubility  of  a  sub- 
stance in  a  fluid,  uliich  is  the  medium  of  cliemical  action,  has 
an  influence  on  that  action,  somewhat  similar  to  that  of  cohe- 
sion, and  is  nothing  but  a  modification  of  it  in  relation  to  the 
fluid  in  which  it  is  exerted. 

INSOLVENT,  a  term  applied  to  such  persons  as  have  not 
wherewithal  to  pay  their  just  debts.  A  person  dying,  and  not 
leaving  estate  sufficient  to  discbarge  these,  is  said  to  die 
insolvent. 

INSPIRATION,  among  divines,  &c.  implies  the  conveying 
of  certain  extraordinary  and  supernatural  notices  of  motions 
into  the  mind  :  or  it  denotes  any  supernatural  influence  of  God 
upon  the  mind  of  a  rational  creature,  whereby  he  is  formed  to 
any  degree  of  intellectual  improvement,  to  which  he  could  not 
or  would  not,  in  fact,  have  attained  in  his  present  circumstances 
in  a  natural  way.  Thus  the  prophets  are  said  to  have  spoken 
by  divine  inspiralion. 

Some  authors  reduce  the  inspiration  of  the  sacred  writers  to 
a  particular  care  of  Providence,  which  prevented  any  thing  they 
had  said  from  failing  or  coming  to  nought ;  maintaining  that 
they  never  were  really  inspired  either  with  knowledge  or  ex- 
pression. According  to  others,  inspiration  is  no  more  than  a 
direction  of  the  Holy  Spirit,  which  never  permitted  the  sacred 
writers  to  be  mistaken.  It  is  a  common  opinion,  that  the  in. 
spiration  of  the  Holy  Spirit  regards  only  the  matter,  not  the 
style  or  word.s.    " 

INSTALMENT,  the  establishing  a  person  in  some  dignity. 
It  is  chiefly  used  for  the  induction  of  a  dean,  prebendary,  &c. 
It  is  also  used  for  the  ceremony  whereby  the  knights  of  the 
garter  are  placed  in  their  rank,  in  the  chapel  of  St.  George, 
Windsor.     It  is  sometimes  termed  installation. 

INSTANT,  such  a  part  of  duration  wherein  we  perceive  no 
succession;  or  it  is  that  which  takes  up  the  time  only  of  one 
idea  in  our  minds. 

INSTELLON,  is  used  by  some  authors  to  denote  those  parts 
of  space  which  are  beyond  the  rigions  of  the  solar  system. 

INSTINCT,  an  appellation  given  to  the  sagacity  and  natural 
inclinations  of  brutes,  which  supplies  the  place  of  reason  in 
mankind. 

INSTITUTES,  in  Literary  History,  a  book  containing  the 
elements  of  the  Roman  law.  The  institutes  are  divided  into 
four  books,  and  contain  an  abridgment  of  the  whole  body  of 
the  civil  law,  being  designed  for  the  use  of  students.    Sic  Law. 

Institute,  in  Scots  Law,  when  by  disposition  or  deed  of 
entail  a  number  of  persons  are  called  to  the  succession  of  an 
estate  one  after  another,  the  person  first  named  is  called  the 
institute,  the  others  substitutes. 

INSTITUTION,  in  general,  signifies  the  establishing  or 
founding  something.  In  the  common  law,  it  signifies  the 
investing  a  clerk  with  the  spiritualities  of  a  rectory,  kc.  which 
is  done  by  the  bishop,  who  uses  the  following  formula  :  "  I 
institute  you  rector  of  such  a  church  with  cure  of  souls;  re- 
ceive your  cure  and  mine." 

INSULATED,  in  Electricity,  a  term  applied  to  bodies  that 
are  supported  by  electrics,  or  non-conductors,  so  that  their 
communication  with  the  earth  by  conducting  substances  is 
interrupted. 

INSURANCE,  Laws  or.  By  the  stat.  14  Geo.  III.  c.  48.  no 
insurance  shall  be  made  on  lives,  or  on  any  other  event  wherein 
the  party  insured  hath  no  interest ;  and  in  all  policies  the  name 
of  such  interested  party  shall  be  inserted,  and  nothing  more 
shall  be  recovered  thereon  than  the  amount  of  the  interest  of 
the  insured.  This,  however,  does  not  extend  to  marine  insu- 
rances. But  as  it  was  a  common  practice  of  insuring  large 
sums  without  having  property  on  board,  and  which  were  called 
wager  policies  or  insurances,  interest  or  no  interest,  and  of 
insuring  the  same  goods  several  times  over,  it  was  enacted 
64. 


that  all  insurances,  interest  or  no  interest,  or  without  further 
proof  of  the  interest  than  the  policy,  or  by  way  of  gaming,  or 
without  benefit  of  salvage  to  the  insurer,  should  be  void  except 
on  privateers,  or  on  ships  or  goods  from  the  Spanish  or  Portu- 
guese dominions  ;  and  that  no  re-assurance  shall  be  legal, 
unless  the  former  insurer  be  insolvent  or  dead;  and  that  in  the 
East  India  trade,  tlie  lending  of  money  on  bottomry,  or  ad  re- 
spo7identia,  shall  alone  have  a  right  to  be  insured  for  the  money 
lent  ;  and  the  borrower  shall  recover  no  more  upon  any  insu- 
rance than  the  surplus  of  his  bottomry  or  resputidentia  bond. 
No  insurance  can  be  made  on  an  illegal  voyage.  It  is  generally 
stipulated  in  policies,  that  the  insurer  shall  not  be  answerable 
for  any  partial  loss  on  certain  articles,  but  on  others  less  difficult 
to  be  preserved  at  sea,  but  liable  to  partial  injuries,  shall  be 
liable  for  any  partial  loss  above  five  per  cent.  ;  and  as  to  all 
other  goods,  and  the  ship  and  freight,  he  shall  only  be  liable  for 
such  losses  above  three  percent.  But  he  is  liable  on  all  losses, 
however  small,  called  general  average,  or  losses  occasioned  by 
the  ship  stranding;  but  this  loss  must  be  an  immediate,  not  a 
remote  consequence  of  the  stranding.  The  commencement  of 
the  risk  on  the  ship  varies  in  most  eases,  and  usually  continues 
till  the  ship  has  been  24  hours  at  safe  anchor.  Upon  goods  it 
commences  when  they  are  on  board,  and  continues  till  they  are 
removed  or  landed.  The  ship  insured  must  be  fit  to  bear  the 
sea  and  perform  the  voyage  ;  and  if  she  deviates  from  the 
usual  course,  and  stops  at  places  not  usually  stopped  at,  with- 
out a  proper  cause,  the  contract  is  void. 

Insuhancf.  upon  Life.    See  Assurance. 

INTACT.'E,  the  same  as  Asymptote. 

INTAGLIOS,  precious  stones,  on  which  are  engraved  the 
heads  of  great  men,  inscriptions,  and  the  like  ;  such  as  we  fre- 
quently see  set  in  rings,  seals,  8cc. 

INTEGER,  in  Arithmetic,  a  whole  number,  in  contradis- 
tinction to  a  fraction. 

INTEGRAL,  or  Integrant,  in  Philosophy,  appellations 
given  to  parts  or  bodies,  which  arc  of  a  similar  nature  with  the 
whole. 

J.vrEGRAL  Calculus.    See  Calculus. 

Integral  t'n/rM/»s,  is  the  reverse  of  the  dill'erential  calcu- 
lus, and  corresponds  with  our  inverse  method  of  fluxions  ;  the 
finding  of  an  integral  to  a  given  difl'erential  being  the  same  as 
finding  the  fluent  of  a  given  fluxion,  aud  is  performed  by  the 
same  rules. 

INTEGUMENTS,  in  Physiology,  the  common  coverings 
which  invest  the  body,  as  the  skin  with  the  fat  and  cellular 
membrane.     It  is  also  the  term  of  the  body. 

INTENDMENT,  in  Law,  is  the  intention,  design,  or  true 
meaning,  of  a  person  or  thing,  which  frequently  supplies  what 
is  not  fully  expressed  ;  but  though  the  intent  of  parties  in 
deeds  and  contracts  is  much  regarded  by  the  law,  yet  it  cannot 
take  place  against  the  rules  of  law. 

Intendment  of  Crimes.  This,  in  case  of  treason,  where  the 
intention  is  proved  by  circumstances,  is  punishable  in  the 
same  manner  as  if  it  was  put  in  execution.  So,  if  a  person 
enters  a  house  in  the  night-time,  with  an  intent  to  commit 
burglary,  it  is  felony  ;  also,  an  assault,  with  an  intent  to  com- 
mit a  robbery  on  the  highway,  is  made  felony,  and  punished 
with  transportation,  7  Geo.  II.  e.  21. 

INTENSITY,  in  Physics,  is  the  degree  or  rate  of  power  or 
energy  of  any  quality,  as  of  heat  and  cold.  The  intensity  of 
qualities,  as  gravity,  light,  heat,  &c.  vary  in  the  reciprocal 
ratio  of  the  squares  of  the  distances  from  the  centre  of  the  radi- 
ating quality. 

INTKNT,  in  the  Civil  Law,  signifies  to  begin,  or  commence, 
an  action  or  process. 

INTENTION,  in  Medicine,  that  judgment  or  method  of  cure 
which  a  physician  forms  to  himself  from  a  due  examination  of 
symptoms. 

Intention,  in  Physics,  the  increase  of  the  power  or  energy 
of  any  quality,  as  heat,  cold,  &c.  by  which  it  stands  oppoised 
to  remission,  which  signifies  its  decrease  or  diminution. 

Intention,   in    Metaphysics,   denotes    an    exertion   of  the 
.iilclleetual   faculties  with  more  than  ordinary  vigour;  when 
the  mind  with  earnestness  fixes   its   view  on  any  idea,  con- 
siders it  on  all  sides,  and  will  not  be  called  ufl'by  any  solici 
tation. 


518 


I  >   T 


DICTIONARY    OF    MKCHANICAL    RCIKXCE. 


I  N  T 


IN'11i-Kl;ALA.RYDay,  denotes  the  odd  day  which  is  inserted 
in  the  kaleudar  every  fourth  year.     See  Bissextilf,. 

INTERCALARY,  an  appellation  given  to  the  odd  day 
icsertcd  in  leap-year;  which  was  so  called  from  calo  calare, 
"  to  proclaim,"  it  being  proclaimed  by  the  priests  vvilh  a  loud 
voice.  But  tlie  term  may  with  equal  propriety  apply  to  the 
insertion  of  any  period  of  time,  by  astronomorsand  legislators, 
to  make  the  entire  civil  year  correspond  with  the  passage  of 
the  earth  in  the  zodiac,  from  solstice  to  solstice,  or  from  equi- 
nox to  equinox.  Thus,  the  Roman  year  once  consisted  but  of 
ten  months  ;  afterwards  two  more  were  added  ;  and  from  that 
time  to  the  present,  intercalations  have  been  adopted  in  the 
reformation  of  the  calendar.  In  remote  times,  when  the  Ram 
became  the  leader  of  the  zodiacal  signs,  it  was  called  Jwif/;  and 
the  jubilee  was  proclaimed:  at  the  festival  of  Jupiter  Ammon, 
a  ram  was  slain  and  eaten  by  the  people  of  Thebes,  and  ?. 
male  lamb  was  sacrificed  by  the  Hebrews,  on  the  10th  of  the 
mouth  Nisan,  to  commemorate  their  deliverance  from  Egypt 
at  the  vernal  equinox,  or  when  the  sun  was  in  Aries. 

INTERCEPTED  Axis.     .S'ee  Abscisa. 

INTERCOLUMNIATION,  in  Architecture,  denotes  the 
space  between  two  columns,  which  is  always  to  be  propor- 
tioned to  the  height  and  bulk  of  the  columns. 

INTERCOMMONING,  in  Law,  is  when  the  commons  of 
two  manors  lie  together,  and  the  inhabitants  of  both  have, 
time  out  of  mind,  caused  their  cattle  to  feed  promiscuously  on 
them. 

INTERDICT,  an  ecclesiastical  censure,  by  which  the  Church 
of  Rome  forbids  the  performance  of  divine  service  in  a  king- 
dom, province,  town.  Sec.  This  censure  has  been  frequently 
executed  in  France,  Italy,  and  Germany:  and  in  the  year  1170, 
Pope  Alexander  III.  put  all  England  under  an  interdict,  for- 
bidding the  clergy  to  perform  any  part  of  divine  service,  ex- 
cept baptizing  of  infants,  taking  confessions,  and  giving  absolu- 
tion to  dying  penitents.  But  this  censure  being  liable  to  the 
ill  consequences  of  promoting  libertinism  and  a  neglect  of  reli- 
gion, the  succeeding  popes  have  very  seldom  made  use  of  it. 

INTEREST,  is  the  allowance  made  for  the  loan  or  forbear- 
ance of  a  sum  of  money,  which  is  lent  for,  or  becomes  due,  at  a 
certain  time ;  this  allowance  being  generally  estimated  at 
so  much  per  cent,  per  annum,  that  is,  so  much  for  the  use  of 
.-CIOO  for  a  year,  and  this  rate  is  by  law  fixed  not  to  exceed  £5, 
or  in  other  words,  the  greatest  rate  of  interest  must  not  exceed 
5  per  cent,  per  annum.     Interest  is  either  simple  or  compound. 

Simple  interest,  is  that  which  is  allowed  upon  the  principal, 
only  for  the  whole  time  of  the  loan,  or  forbearance.  The 
money  lent  or  forborne  is  called  the  principal.  The  sum  paid 
for  the  use  of  it,  the  interest.  The  interest  of  £100  for  one 
year,  is  called  the  rate  per  cent.  And  the  sum  of  any  principal, 
and  its  interest,  together,  the  amount. 

To  find  the  Interest  of  any  Sum  Joy  any  Period,  and  at  any 
given  Rale  per  cent. — Say,  as  £100  is  to  the  rate  per  cent.  ;  so 
is  any  principal  to  its  interest  for  a  year.  And  then,  as  one 
year  is  to  this  interest,  so  is  any  given  time  to  the  interest  for 
that  time.  Suppose  it  were  required  to  find  the  interest  of 
£519.  13j.  4rf.  for  3J  years,  at  5  per  cent,  per  annum. 

First,  100  :  5  :  :  £519.  \3s.  id.    Again,    1  :  3i  :  :  25  19     8 

5  2      2  7 


Table  of  the  Interest  of  £\,  for  any  Nicniber  of  Days,  at 
different  Rates  of  Interest. 


2      7    2|181   17 


£90  18  10 


£  25  .  98      C      8 
20 

s.  19  .  66 
12 

d.    8  .  00 

That   is,   the  interest  of  the   proposed  sum  for  1  year,  is 
£25.  \i)s.  8d. ;  and  for  3^  years,  it  is  £90.  18s.  lOrf.  as  required. 

Again,  to  find  the  interest  of  £250,  for  Ih  years  at  5  per  cent. 
As  £100  :  £5  :  :  £250  :  £12.  10s. 
As  1  year  :  £12.  10s.  :  :  2i  :  £31.  5s. 

The  following  tables  will  much  facilitate  the  computation  of 
simple  interest. 


No  of 

Three  it  a  half 

Four  and  a  half 

Days. 

3  PM  Cent. 

per  Ceul. 

4  per  Cent. 

per  Cent. 

5  per  Cent. 

1 

•00008 

•00009 

•00010 

•00012 

•00013 

2 

•00016 

•00019 

•00021 

■00024 

•000-27 

3 

•00024 

•00028 

■00032 

•00036 

•00041 

4 

•000:32 

•00038 

•00043 

•00049 

•00054 

5 

•0004 1 

■00047 

•0  054 

•00061 

•00068 

6 

•00049 

•00057 

•00065 

•00073 

•00082 

7 

•00057 

•00067 

•00076 

•00086 

•00095 

8 

•00065 

•00076 

•00087 

■00098 

•00109 

9 

•00073 

•00086 

•00098 

•00110 

001-23 

10 

•00082 

•00095 

•00109 

•00123 

•00136 

20 

•00164 

•00191 

•00219 

•00246 

•00273 

30 

•00246 

•00287 

•00328 

•00369 

•00410 

40 

•00;?28 

•00383 

•00438 

•00493 

•00547 

50 

•00410 

•00479 

■00547 

•00616 

•00684 

60 

•00493 

•00.575 

•00657 

•00739 

■00821 

70 

•90575 

•00671 

•00767 

•00863 

•00958 

80 

•00657 

•00767 

•00876 

•00986 

•01095 

90 

•00739 

•00803 

■00986 

■01109 

•01232 

100 

•00821 

•00958 

■01095 

■91232 

•01369 

200 

•01643 

•01917 

•02191 

■0-2465 

•02739 

300 

•02465 

•02876 

■03287 

•03698 

•04109 

This  table,  it  is  obvious,  will  furnish,  by  the  addition  of  two 
or  three  of  its  numbers,  the  interest  for  any  number  of  days, 
and  the  following  will  in  the  same  way  find  it  for  any  number 
of  years. 

Table  of  the  Interest  of  £1,  for  any  Number  of  Years  not 
exceeding  25,  at  different  Rates  of  Interest. 


No.    of 

Three  and  a  half 

Four  and  a  half 

Years. 

3  per  Cent. 

per  Cent. 

4  per  Cent. 

per  Cent. 

5  per  Cent. 

1 

•03000 

■03500 

•04000 

•04500 

•05000 

o 

•06000 

■07000 

•08000 

•09000 

•10000 

3 

•09000 

■10500 

•1-2000 

•13500 

•15000 

4 

•f2000 

■14000 

•16000 

•18000 

•20000 

5 

•15000 

•17500 

■20000 

•22500 

•25000 

G 

■18000 

•21000 

■24000 

•27000 

•30000 

7 

•21000 

•24500 

•28000 

•31500 

•35000 

8 

•24000 

•28000 

•32000 

•36000 

•40000 

9 

•27000 

•31500 

•36000 

•40500 

■45000 

10 

•30000 

•35000 

•40000 

•45000 

■50000 

11 

•33000 

•38500 

•44000 

■49500 

■55000 

12 

•36000 

•42000 

•48000 

■54000 

•60000 

13 

•39000 

•4.5500 

•52000 

•58500 

•65000 

14 

•42000 

•49000 

•56000 

•63000 

70000 

15 

•45000 

•5-2500 

•60000 

■67500 

•75000 

10 

•48000 

•56000 

■64000 

■72000 

•80000 

17 

■51000 

•59500 

■68000 

76500 

•85000 

18 

■54000 

•63000 

■72000 

•81000 

■90000 

19 

■57000 

•66500 

■76000 

■85500 

■95000 

20 

•60000 

•70000 

■80000 

•90000 

VOOOOO 

21 

•63000 

•73500 

■84000 

■94500 

1-05000 

22 

•66000 

•77000 

•88000 

•99000 

!•  10000 

23 

■69000 

•80500 

•92000 

1^03500 

1-15000 

24 

■7-2000 

•840(X) 

•96000 

1^08000 

1^20000 

25 

■75000 

•87500 

rooooo 

r 12500 

1-25000 

To  find  the  Interest  of  any  Sum,  for  a  ijivcn  Time,  by  the  prt- 
cediny  Tables. — Add  together  the  interests  for  the  several  periods 
corresponding  with  the  proposed  rate  per  cent,  and  that  sum 
multiplied  by  the  principal  will  be  the  interest  required. 

Example.  Required  the  interest  of  £400,  for  4  years,  123 
days,  at  4J  per  cent. 
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Tabular  interest  for..  4  years  -1800000 

100  days  -0123287 

20  days  •001-2.3-28 

3  days  0003008 


-1939313 

400 

£.77 

5725200 
20 

*.  11 

45040 
12 

rf.  4 

92480 
4 

3 

099-20 

Therefore  £77.  l\s.  4|rf.  is  the  interest  required. 

Compound  Interest,  is  that  whicli  arises  from  any  sum  or 
principal  in  a  given  time,  by  increasing  the  principal  each 
payment  by  the  amount  of  tliat  payment,  and  hence  obtaining 
interest  upon  botli  interest  and  principal.  Hence  it  follows, 
that,  except  for  the  sake  of  brevity,  compound  interest  would 
require  no  other  rule  than  what  is  given  for  simple  interest,  for 
it  is  only  necessary  to  lind  the  interest  upon  the  given  principal ; 
then  add  this  interest  to  the  principal,  and  find  the  interest 
upon  this,  and  so  on,  through  tlie  whole  number  of  payme.ils. 
But  this  would  be  attended  with  immense  labour,  if  the  time 
was  at  all  considerable,  and  therefore  otlier  methods  of  com- 
putation become  necessary. 

Now,  in  the  first  place,  it  is  obvious,  that  if  we  know  the 
amount  of  £1  for  any  period,  the  amount  of  any  other  princi- 
pal;}, will  be  equal  to  p  times  the  former;  we  may  tlicrerore 
limit  our  investigation  to  the  simple  case  of  finding  the  com- 
pound interest  and  amount  of  £1  for  any  given  number  of  years, 
at  any  given  rate  per  cent.  Let  then  r  be  the  amount  of  £1  for 
one  payment,  whether  yearly,  half  yearly,  or  quarterly.  Then, 
as  the  amount  is  always  proportional  to  the  principal,  we  shall 
have,  as  1  :)-::)•  :  r''  ::)■':  r\  &c. 

that  is,  if  tlie  amount  of  £1,  for  1  payment,  be  »- 
the  amount  of  £),  for  2  payments  =:  »■' 
the  amount  of  £1,  for  3  pajments  ^  )  = 
the  amount  of  £1,  for  n  payments  =:  r" 

and  consequently  the  amount  (a)  of  any  principal  (/))  for  (n) 
payments  =z  ;))■",  which  being  for  the  conveniency  of  calcula- 
tion put  into  the  logarithmic  form,  becomes 

log.  of  «  z=  log.  p  -f  n  log.  r. 
Suppose,  for  example,  the  amount  of  £.'jO,  for  15 years,  at 
5  per  cent,  were  required,  the  payment  being  due  yearly. 
Since  the  interest  of  £100  is  £5,  the  interest  of  £1  is  -05,  and 
the  amount  of  £1  in  one  payment  105.  Hence  by  the  above 
formula,  log.  l-()o  =  0021189 

mult,  by  15 


0  317835 
log.  50  =  1-C98970 


2-016805 

The  natural  number  to  tliis  logarithm  is  103  94G,  or  £103. 
18s.  1  Of/,  the  amount;  from  wliicli,  if  the  principal  be  extracted, 
it  will  leave  the  compound  interest  itself.  By  tliis  means  the 
amount  and  compound  interest  of  any  sum,  for  any  period  and 
ate  per  cent,  may  be  readily  computed.* 

But  the  same  may  be  done  still  more  expeditiously  by  means 
of  the  following  table,  which  exhibits  the  amount  of  £1,  for 
any  number  of  years  not  exceeding  25.  Hence  the  following 
rule : — 


•  It  is  110  uncommon  lliinj;  to  hear  folks  talk  of  a  suoi  of  mone>  doubling 
itself  in  14  years  ;  jet  the  same  persons  seldom  know  more  of  the  matter 
than  is  found  in  tlie  ordinary  but  imjierfect  rule  usually  found  in  such  books 
as  Wdlkingliam's  Tutor's  Assistant,— a  book,  lij  the  way,  that  has  obtained 
en  undeserved  share  of  popularity,  if  compared  with  Kieth's  or  Juice's 
Arilhnictjc. 


Table  Shewing  the  Amountof£\,  inagiven  Number  of  Years,  not 
exceeding  -25,  at  any  llate  of  Compound  Interest,  from  3  to  G 
per  Cent. 


3  and  a  half 

4  and  a  hklf 

\  ears 

1 

3  per  Cent. 

per  Cent. 

•1  ptr  Cent. 

per  Cent. 

S  icr  Cent. 

6  per  a. 

1-0.300 

1-0350 

1-0400 

1  04.00 

10500 

1-0600 

2 

1  0609 

10712 

10816 

1-09-20 

1-10-25 

1-1236 

3 

1-09-27 

1-1087 

1-1-248 

1-1411 

11576 

1-1910 

4 

1- 1-255 

1-1475 

1-1098 

1-19-25 

1-21.05 

1-20-24 

5 

1-1592 

1-1876 

1-2I6G 

12161 

1-2762 

l-:)382 

6 

1-1940 

1  -2292 

1-2053 

1-30-22 

1-3100 

1-4185 

7 

1 -2-298 

1 '27-22 

1-31.09 

1-3008 

1-4071 

1-50.36 

8 

1-2G67 

1-3168 

r.3685 

l-4'22l 

1  4771 

1-5938 

9 

1-3047 

1-3628 

1-4233 

1-4860 

15513 

1-6894 

10 

1-34.39 

1-4105 

14802 

l-55'20 

1  •6-288 

1-7908 

11 

1-3842 

1--5599 

1-5394 

1-63-28 

1-7103 

1-8982 

12 

l-4-2.'i7 

1-5110 

1-60 10 

1-69,08 

1-7958 

20121 

13 

1-468.0 

1-50;19 

16660 

1-7721 

1-885G 

2-1329 

14 

1-51 -25 

1-6186 

1  7316 

1-8519 

1-9799 

2-2609 

15 

1-5579 

1-6753 

1-8009 

1-9;152 

2-0789 

2-3965 

16 

1  (>047 

1-7339 

1-87-29 

2-0-2-23 

2- 1828 

2-5403 

17 

1  0528 

1-7916 

1  9479 

2.1133 

2-2920 

2-6927 

18 

1-7024 

1-8.074 

2-0258 

2-2084 

2-4066 

2-8543 

19 

1-7535 

1-92-25 

2-1008 

2-3078 

2-5269 

5-0-2.05 

20 

1-8061 

1-9897 

2-1911 

2-4117 

2-6.032 

5-2071 

21 

1-8602 

20.094 

2'2787 

2-5-202 

2-7859 

6-3995 

2-2 

1-9161 

2-1315 

2-3699 

2-6336 

2-92.52 

5-6035 

'23 

1 .9735 

2-2(161 

2-4647 

2-7521 

3-0715 

5-8197 

24 

203-27 

2  2833 

2  5633 

2-8760 

3-'2'251 

4-0489 

25 

2-0937 

2-3632 

2-6658 

3-0054 

3-3863 

4-2918 

Find  the  amount  in  the  table  for  the  given  number  of  years 
and  rate  of  interest,  and  multiply  this  amount  by  the  principal 
for  thi^  amount  required.     Thus  in  the  preceding  example. 

Amount  by  the  table  z=  267893 

Principal  50 


103-94(;.5O  =:  £103.  18^.   10(/. 
as  before.  — This  table  is  only  computed  for  yearly  payments, 
and  therefore  when  the  payments  are  did'erent  from  these,  or 
when  the  number  of  years  or  payments  exceed  'Zo,  recourse 
must  be  had  to  the  preceding  rule. 

The  accumulation  of  money,  when  placed  at  compound 
interest,  after  a  certain  number  of  years,  goes  on  exceedingly 
rapid,  and  in  some  instances  appears  truly  astonishing.  One 
penny  put  out  at  5  per  cent,  compound  interest,  at  the  birth  of 
Clirist,  would,  in  1810,  have  amounted  to  a  sum  exceeding  in 
value  357  millions  of  solid  globes  of  standard  gold,  each  in 
magnitude  as  large  as  this  earth  !  The  exact  uumberof  globes, 
according  to  this  computation,  is  .357,474,600. —  linrlow. 

INTERIOR  Ancle  of  a  Polygon,  that  which  is  formed 
internally  by  the  meeting  of  any  of  the  sides  of  the  figure. 

INTER.)  ECTION,  in  Grammar,  an  indeclinable  part  of 
speecli,  signifying  some  passion  or  emotion  of  the  mind. 

INTERLOCUTORY  DiicREE,  in  English  Law.  In  a  suit  of 
equity,  if  any  matter  of  fact  be  strongly  controverted,  the  fact 
is  usually  directed  to  be  tried  at  the  bar  of  the  court  of  King's 
Bench,  or  at  the  assizes,  upon  a  feigned  issue.  If  a  question 
of  mere  law  arises  in  the  course  of  a  cause,  it  is  the  practice  of 
the  court  of  Chancery  to  refer  it  to  the  opinion  of  the  judges  of 
the  Court  of  King's  Bench,  upon  a  case  slated  for  that  purpose. 
Ill  such  cases,  interlocutory  decrees  or  orders  are  made. 

Intiulocu  TORY  Judyments,  are  such  as  are  given  in  the 
middle  of  a  cause,  upon  some  pica,  proceeding  on  default, 
which  is  not  intermediate,  and  docs  not  finally  dcterinine  or 
complete  the  suit.  But  the  interlocutory  judgments  most 
usually  spoken  of,  are  those  incomplete  judgments,  whereby 
the  right  of  the  jilaintilf  is  established,  but  the  qunntiim  of 
damages  sustained  by  him  is  not  ascertained,  which  is  the 
province  of  a  jury.  In  such  a  case,  a  writ  of  inquiry  issues  to 
the  shcrilf,  who  summons  a  jury,  inquires  of  the  damages,  and 
returns  to  the  court  the  inquisition  so  taken,  yyhcreupoD  the 
plaiutilT's  attorney  taxes  costs,  and  signs  final  judgment. 
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Interlocutory  Order,  that  wliicli  decides  not  the  cause, 
but  only  settles  some  intervening  matter  relating  to  the  cause. 
As  where  an  order  is  made  in  Chancery,  for  the  plaintiff  to 
have  an  injunction  to  quit  possession  till  the  hearing  of  the 
cause;  this  order,  not  being  final,  is  called  interlocutory. 

INTERLUDE,  an  entertainment  exhibited  on  the  theatre 
between  the  acts  of  a  play,  to  amuse  the  spectators  while  the 
actors  take  breath  and  shift  their  dress,  or  to  give  time  for 
changing  the  scenes  and  decorations.  In  the  ancient  tragedy, 
the  chorus  snng  the  interludes,  to  shew  the  intervals  l)etween 
the  acts.  Interludes,  among  us,  usually  consist  of  songs, 
dances,  feats  of  activity,  concerts  of  music,  &c.  Aristotle  and 
Horace  give  it  for  a  rule,  that  the  interludes  should  consist  of 
songs  built  on  the  principal  parts  of  the  drama  ;  but  since  the 
chorus  has  been  laid  aside,  dances,  buffoons,  &,c.  ordinarily 
finish  the  interludes. 

INTERMEDIATES,  in  Chemistry  a  term  made  use  of  when 
speaking  of  chemical  affinity.  Oil,  for  example,  has  no  affinity 
to  water  unless  it  be  previously  combined  with  an  alkali;  it 
then  becomes  soap,  and  the  alkali  is  said  to  be  the  intermedium 
which  rnuses  the  union. 

INTERNAL,  in  general,  signifies  whatever  is  within  a  thing. 
Euclid  (lib.  1.  prop.  32,)  proves  that  the  sum  of  the  three  angles 
of  every  triangle  is  equal  to  two  right  angles  ;  whence  he  de- 
duces several  useful  corollaries.  He  likewise  deduces  from 
the  same  proposition,  this  theorem.  rjV.  that  the  sum  of  the 
angles  of  every  rectilinear  figure,  is  equal  to  twice  as  many 
right  angles  as  the  figure  bath  sides,  excepting  or  subtracting 
four. 

INTERPOLATION,  in  Analysis,  is  the  method  of  finding 
any  inteimediate  term  in  a  series,  its  place  or  distance  from 
the  first  term  being  given.  This  is  commonly  effected  by  means 
of  the  successive  differences  of  the  given  terms,  and  is  there- 
fore sometimes  called  the  differential  method,  though  this  latter 
expression  is  more  commonly  employed  to  denote  the  method  of 
summing  up  of  series  by  means  of  interpolation  ;  saving,  in  many 
cases,  immense  laborious  calculations.  Tiius,  for  example,  in 
finding  the  places  of  some  of  the  planets,  whose  motion  is  not 
\ery  rapid,  it  will  be  sufficiently  accurate  to  find  their  places  by 
calculation  for  every  fourth  or  fifth  day,  and  then,  by  means  of 
the  methods  above  described,  their  places  for  all  the  intermediate 
days  may  be  found  by  interpolating  between  the  known  terms, 
which  method  will  give  a  result  much  nearer  the  truth  than  by 
proportional  parts,  because  this  supposes  a  uniformity  both  in 
motion  and  time,  which  is  not  correct. 

Again,  in  computing  the  moon's  place  for  any  particular 
liour,  supposing  its  place  for  every  day  at  noon  to  be  given, 
the  method  of  interpolations  may  be  applied  with  great  suc- 
cess, the,  result  having  scarcely  any  sensible  difference  from 
those  that  arise  from  actual  computation,  and  we  may  thus 
frequently  avoid  one  of  the  most  laborious  of  astronomical 
calculations.  By  this  means  also  tlie  place  of  a  comet,  at  any 
particular  time,  may  be  ascertained,  from  observations  made 
on  it  prior  to,  and  subsequent  to,  that  precise  period,  as  also 
the  times  of  the  equinoxes  and  solstices,  which  are  determined 
much  more  accurately  by  this  means  than  can  be  done  by  pro- 
portional parts,  for  in  this  we  are  obliged  to  suppose  that  the 
sun's  declination  increases  and  decreases  proportionally  to  the 
distance  of  this  body  from  the  equinoctial  point;  which  is 
evidently  a  false  hypothesis.  In  fact,  astronomy  has  derived 
more  assistance  from  this  theory  than  any  other  of  the  mathe- 
matical sciences,  although  it  has  been  applied  to  other  pur- 
poses with  very  great  success. 

INTERPOSITION,  the  situation  of  a  body  between  two 
others,  so  as  to  hide  them,  or  prevent  their  action.  The  eclipse 
of  the  sun  is  occasioned  by  an  interposition  of  the  moon  be- 
tween the  sun  and  us ;  and  that  of  the  moon,  by  the  interpo- 
sition of  the  earth  between  the  sun  and  moon.     See  Eclipse. 

INTERROGATION,  or  Point  of  Interrogation,  in  Grammar, 
a  character  of  this  form  (?)  serving  to  denote  a  question. 

INTERROGATORIES,  in  Law,  are  particular  questions 
demanded  of  witnesses  brought  in  to  be  examined  in  a  cause, 
especially  in  a  court  of  Chancery.  And  these  interrogatories 
must  be  exhibited  by  the  parties  in  suit  on  each  side;  which 
are  either  direct  for  the  party  that  produces  them,  or  counter 
or  cross  interrogatories.     They  are  to  be  pertinent,  and  only 


to  the  points  necessary ;  and  either  drawn  or  perused  by  coun- 
sel, and  to  be  signed  by  them. 

INTERSECTION,  in  the  Mathematics,  signifies  the  cutting 
of  one  line  or  plane  by  another.  Thus,  we  say,  that  the  mutual 
intersection  of  two  planes  is  a  right  line. 

INTERVAL,  in  Music,  the  distance  between  any  given 
sound  and  another,  strictly  speaking,  is  not  measured  by  any 
common  standard  either  of  extension  or  duration ;  but  either 
by  immediate  sensation,  or  by  computing  the  difference  between 
the  numbers  of  vibrations  produced  by  two  or  more  sonorous 
bodies,  in  the  act  of  sounding,  during  the  same  given  time.  As 
the  vibrations  are  slower  and  fewer  during  the  same  instant, 
for  example,  the  sound  is  proportionally  lower  or  graver;  on 
the  contrary,  as  during  the  same  period  the  vibrations  increase 
in  number  and  velocity,  the  sounds  are  proportionally  higher 
or  more  acute.  An  interval  in  music,  therefore,  is  properly  tho 
difference  between  the  number  of  vibrations  produced  by  one 
sonorous  body  of  a  certain  magnitude  and  texture,  and  of 
those  produced  by  another  of  a  different  magnitude  and  tex- 
ture, in  the  same  time.  Intervals  are  divided  into  consonant 
and  dissonant.  A  consonant  interval,  is  that  whose  extremes, 
or  whose  highest  and  lowest  sounds,  when  simultaneously 
heard,  coalesce  in  the  ear,  and  produce  an  agreeable  sensation, 
called  by  Lord  Kames  a  tertium  quid.  A  dissonant  interval, 
on  the  contrary,  is  that  whose  extremes,  simultaneously  heard, 
far  from  coalescing  in  the  ear,  and  producing  an  agreeable 
sensation,  are  each  of  them  plainly  distinguished  from  the 
other,  produce  a  grating  effect  upon  the  sense,  and  repel  each 
other  with  an  irreconeileable  hostility.  In  proportion  as  the 
vibrations  of  different  sonorous  bodies,  or  of  the  same  sonorous 
body  in  different  modes,  more  or  less  frequently  coincide  dur- 
ing the  same  given  time,  the  chords  are  more  or  less  consonant. 
When  these  vibrations  never  coincide  at  all  in  the  same  given 
time,  the  discord  is  consummate,  and  consequently  the  interval 
absolutely  dissonant.  But  for  a  full  account  of  these,  see 
Music. 

INTE.STATES  :  there  are  two  kinds  of  intestates,  one  that 
makes  no  will  at  all ;  and  another  that  makes  a  will,  and  nomi- 
nates executors,  but  they  refuse.  The  ordinary  by  special  acts 
of  parliament  is  required  to  grant  administration  of  the  effects 
of  the  deceased  to  the  widow  or  next  of  kin,  who  shall  first  pay  the 
debts  of  the  deceased,  and  then  distribute  the  surplus  among  the 
kindred  in  the  proportions  directed  by  22  and  23  Car.  II.  c.  10. 

INTESTINA,  in  Natural  History,  the  first  of  the  five  orders 
of  the  class  vermes,  in  the  Linn.nean  system.  They  are  of  a  for- 
mation the  most  simple,  being  naked  animals  without  limbs. 
Some  live  within  other  animals,  some  in  water,  and  a  few  in  the 
earth. 

INTESTINES,  Intestin.e,  in  Anatomy,  the  entrails  or 
bowels  ;  those  hollow,  membranous,  cylindrical  parts,  extended 
from  the  right  orifice  of  the  stomach  to  the  anus,  by  which  the 
chyle  is  conveyed  to  the  lacteals,  and  the  excrements  arc 
voided.     See  Anatomy. 

INTONATION,  in  Music,  the  action  of  sounding  the  notes 
in  the  scale  with  the  voice,  or  any  other  given  order  of  musical 
tones.  Intonation  may  be  either  true  or  false,  either  too  high 
or  too  low,  either  too  sharp  or  too  fiat ;  and  then  this  word 
intonation,  attended  with  an  epithet,  must  be  understood  con- 
cerning the  manner  of  performing  the  notes.  The  executing 
an  air,  to  form  the  sounds,  and  preserve  the  intervals  as  they 
are  marked  with  justness  and  accuracy,  is  no  inconsiderable 
difficulty,  and  scarcely  practicable,  but  by  the  assistance  of 
one  common  idea,  to  which,  as  to  their  ultimate  test,  these 
sounds  and  intervals  must  be  referred.  These  common  ideas 
are  those  of  the  key,  and  the  mode  in  which  the  performer  is 
engaged  ;  and  from  the  word  tone,  which  is  sometimes  used  in 
a  sense  almost  identical  with  that  of  the  key,  the  word  into- 
nation may  perhaps  be  derived.  It  may  also  be  deduced  from 
the  word  diatonii,  as  in  that  scale  it  is  most  frequently  con- 
versary  ;  a  scale  which  appears  most  convenient  and  most 
natural  to  the  voice.  We  feel  more  difiiculty  in  our  intonation 
of  such  intervals  as  are  greater  or  less  than  those  of  the 
diatonic  order;  because,  in  the  first  case,  the  glottis  and  vocal 
organs  are  modified  by  gradations  too  large  or  too  complex, 
in  the  sound. 

INTORSION,  in  Botany,  denotes  the  bending  of  any  of  the 
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parts  of  a  plant  towards  one  side.  This  admits  of  certain  dis- 
tinctions. 1.  Twining  stems  which  bend  towards  tlie  left, 
as  in  liops,  &c.  but  in  convolvulus,  &c.  to  the  right.  2. 
Twining  tendrils,  which  bend  to  the  right  and  back  again;  of 
this  kind  are  the  tendrils  of  most  of  the  leguminous  plants.  3. 
Twisted  flowers  ;  in  the  peiiwinkle,  the  petals  bend  to  the  left ; 
the  pointal  in  the  viscous  campion  is  twisted  to  the  left,  as  the 
seed-bud  is  in  the  screw  tree.  In  oats,  the  beard  which  termi- 
nates the  husk  is  twisted  like  a  rope.  In  the  violet,  basil,  &,c. 
the  upper  lip  of  the  corolla  looks  to  the  ground,  and  the  under 
lip  upwards. 

INTRADOS,  the  internal  curve  of  the  arch  of  a  bridge. 

INTRENCHMENT,  in  the  Military  art,  any  work  that  for- 
tifies a  post  against  an  enemy  who  attacks.  It  is  generally 
taken  for  a  ditch  or  trencli  with  a  parapet.  Intrenchments  are 
sometimes  made  of  fascines  with  earth  thrown  over  them,  of 
gabions,  hogsheads,  or  bags  filled  with  earth,  to  cover  the  men 
from  the  enemy's  fire. 

INTRIGUE,  an  assemblage  of  events  or  circumstances, 
occurring  in  an  afl'air,  and  perplexing  the  persons  concerned  in 
it.  In  this  sense,  it  is  used  to  signify  the  nodus  or  plot  of  a 
play  or  romance  ;  or  that  point  wherein  the  principal  charac- 
ters are  most  embarrassed  through  the  artifice  and  opposition 
of  certain  persons,  or  the  unfortunate  falling  out  of  certain 
accidents  and  circumstances.  In  tragedy,  comedy,  or  an  epic 
poem,  there  are  always  two  designs.  The  first  and  principal 
is  that  of  the  hero  of  the  piece  :  the  second  contains  the  designs 
of  all  those  who  oppose  him.  These  opposite  causes  produce 
opposite  elfects,  to  wit,  the  efforts  of  the  hero  for  the  execution 
of  his  design,  and  the  efforts  of  those  who  thwart  it.  As  those 
causes  and  designs  are  the  middle,  and  these  form  a  knot  or 
difficulty  which  we  call  the  intrigue,  that  makes  the  greatest 
part  of  the  poem.  It  lasts  as  long  as  the  mind  of  the  reader  or 
hearer  is  suspended  about  the  "event  of  those  opposite  elforts  : 
the  solution  or  catastrophe  commences  when  the  knot  begins  to 
unravel,  and  the  difiiculties  and  doubts  begin  to  clear  up.  The 
intrigue  of  the  Iliad  is  twofold  :  the  first  comprehends  three 
days'  fighting  in  Achilles'  absence,  and  consists  on  the  one 
side  in  the  resistance  of  Agamemnon  and  the  Greeks,  and  on 
the  other,  in  the  inexorable  temper  of  Achilles.  The  death  of 
Patroclus  unravels  this  intrigue,  and  makes  the  beginning  of  a 
second.  Achilles  resolves  to  be  revenged,  but  Hector  opposes 
his  design;  and  this  forms  the  second  intrigue,  vjhich  is  the 
last  day's  battle.  In  the /Encid  there  are  also  two  intrigues: 
the  first  is  taken  up  in  the  voyage  and  landing  of  yEutas  in 
Italy  ;  the  second  is  his  establishment  there  :  the  opposition  he 
met  with  from  Juno  in  both  the.se  undertakings,  forms  the  in- 
trigue. As  to  the  choice  of  the  intrigue,  and  the  manner  of 
unravelling  it,  it  is  certain  they  ought  both  to  spring  naturally 
from  the  ground  and  subject  of  the  poem.  IJossu  gives  us 
three  manners  of  forming  the  intrigue  of  a  poem:  the  first  is 
that  already  mentioned  ;  the  second  is  taken  from  the  fable  and 
design  of  the  poet;  ir.  the  third,  the  intrigue  is  so  laid,  as  tliat 
the  solution  follows  from  it  of  course. 

INTRINSIC,  a  terra  applied  to  the  real  and  genuine  values 
and  properties,  &c.  of  any  thing,  in  opposition  to  their  extrinsic 
or  apparent  values. 

INTRODUCTION,  in  general,  signifies  any  thing  which 
tends  to  make  another  in  some  measure  kaown  bcfoie  we  ha\e 
leisure  to  examine  it  thoroughly;  and  hence  it  is  used  on  a 
great  variety  of  occasions.  Thus  we  speak  of  the  introduction 
of  one  person  to  another;  the  introduction  to  a  book,  &c. —  It 
is  also  used  to  signify  the  actual  motion  of  any  body  out  of  one 
place  into  another,  when  that  motion  has  been  occasioned  by 
some  other  body. 

INTUITION,  among  Logicians,  the  act  whereby  the  mind 
perceives  the  agreement  or  disagreement  of  two  ideas,  itninc- 
diatcly  by  themselves,  without  the  intervention  of  any  other; 
in  which  ease  the  mind  perceives  the  truth  as  the  eye  does  the 
light,  only  by  being  directed  towards  it. 

INTUITIVE  EviDEKCE,  is  that  which  results  from  intuition. 
Dr.  C:\iiipl)ell  distinguishes  dill'erent  sorts  of  intuitive  evidence  ; 
one  resulting  purely  from  intellection,  or  that  faculty  which 
others  have  called  intuition;  another  kind  arising  from  con- 
sciousness; and  a  third  from  that  new-named  faculty  common 
sense,  which  till  ingenious  writer,  as  well  as  several  others, 
51. 


contends  to  be  a  distinct  original  eource  of  knowledge,  whilst 
others  refer  its  supposed  office  to  the  intuitive  power  of  the 
understanding. 

INVALID,  a  per.^on  wounded,  maimed,  or  disabled  for 
action  by  age.  At  Chelsea  and  Greenwich  are  magnificent 
hospitals,  or  rather  colleges,  built  for  the  reception  and  accom- 
modation of  jnua/iV/*,  or  soldiers  and  seamen  worn  out  in  the 
service.  We  have  also  twenty  independent  companies  of 
invalids,  dispersed  in  several  forts  and  garrisons.  .\t  Paris  is 
a  college  of  the  same  kind,  called  les  /H««/i</f,  which  is  accounted 
one  of  the  finest  buildings  in  that  city. 

INVECTIVE,  in  Rhetoric,  differs  from  reproof,  as  the  latter 
proceeds  from  a  friend,  and  is  intended  for  the  good  of 
the  person  reproved ;  whereas  invective  is  the  work  of  an 
enemy,  and  entirely  designed  to  vex  and  give  uneasiness  to 
the  person  against  whom  it  is  directed. 

INVENTION,  is  used  for  the  finding  of  any  thing  hidden. 
The  Romish  church  celebrates  a  feast  on  the  4th  of  May,  under 
the  title  of  invention  of  the  holy  cross. 

Invention,  is  also  used  for  subtiliy  of  mind,  or  somewhat 
peculiar  to  a  man's  genius,  which  leads  him  to  a  discovery  of 
things  new ;  in  which  sense  we  say,  a  man  <>/  invention. 

Invention,  in  Painting,  is  the  choice  which  the  painter 
makes  of  the  objects  that  are  to  enter  the  composition  of  bis 
piece.     See  Painting. 

Invention,  in  Rhetoric,  signifies  the  finding  out  and  choos- 
ing of  certain  arguments  which  the  orator  is  to  use  for  the 
proving  or  illustrating  his  point,  moving  the  passions  or  con- 
ciliating the  minds  of  his  hearers.  Invenliou,  according  to 
Cicero,  is  the  principal  part  of  oratory  ;  he  w  rote  four  books 
De  Inveiitione,  whereof  we  have  but  two  remaining. 

Invention,  in  Law,  a  catalogue  or  schedule  orderly  made, 
of  all  the  deceased  person's  goods  and  chattels  at  the  time  of 
his  death,  with  their  value  appraised  by  difierent  persons, 
which  every  executor  or  administrator  is  obliged  to  exhibit  to 
the  ordinary  at  such  lime  as  he  shall  appoint. 

IN  VENTRE  SA  MERE,  is  where  a  woman  is  with  child  at 
the  time  of  her  husband's  death,  which  child  if  he  had  been 
born  would  be  the  heir  to  the  land  of  the  husbaml.  A  devise 
to  an  infant  m  venire  sa  mere,  is  good  by  way  of  future  executory 
devise.  And  where  a  daughter  comes  into  land  by  descent, 
the  son  born  after  shall  put  her  out,  and  have  the  land. 

INVERSE,  is  applied  to  a  manner  of  working  the  rule  of 
three,  or  proportion,  which  seems  to  go  backward,  or  contraiy 
to  the  order  of  the  common  or  direct  rule.     See  Proportion. 

Inverse  Proportion,  or  Inverse  Ratio,  in  Philosophy,  is  that 
in  which  more  rcqiiires  less,  or  less  requires  more.  Thus  in  the 
case  of  light  and  heat  llowing  from  a  luminous  body,  the  light 
and  heat  arc  less  at  a  greater  distance  ;  and  greater  at  a  less 
distance. 

INVERSION,  or,  as  it  is  in  Euclid,  inrertendo,  or  by  inver- 
sion, is  inverting  the  terms  of  a  proportion  by  changing  the 
antecedents  into  cousequcuts,  and  the  consequents  into  ante- 
cedents ;  thus,  if 


a  :  li::  c:  d 
4:9:  :  12:27 


Then  by  inversion 
b  :  a  ::d  :  c 
9 : 4  :  :  27 :  12 


It  will  be 


Inversion,  in  Music,  is  a  changed  position  either  of  a 
subject  or  of  a  chord.  The  inversion  of  a  subject  is  produced 
by  giving  it  a  higher  or  lower  situation  among  the  several  parts 
of  a  score.  The  inversion  of  a  chord  is  that  changed  position 
of  its  component  parts  w  itii  respect  to  its  fundamental  bass,  by 
which,  though  the  harmony  remains  the  same,  the  intervals  are 
varied. 

Inversion,  in  Grammar,  is  where  the  words  of  a  phrase 
are  ranged  in  a  manner  not  so  natural  as  they  might  be.  It 
is  a  considerable  beauty  either  in  verse  or  prose  when  we  have 
it  from  an  able  hand  ;  it  gives  vigour  and  variety  to  a  sentence, 
and  keeps  the  mind  in  agreeable  suspense  and  expectation  of 
a  marvellous  turn  and  conclusion. 

INVERTED,  in  Music,  is  derived  from  the  Latin  preposition 
in  and  vcrtcrc,  "  to  turn  any  thing  a  contrary  way,"  It  signi- 
fies a  change  in  the  order  of  the  notes  which  form  a  chord,  or 
in  the  parts  which  compose  harmony,  which  happens  by  siib- 
stitutiiiK  in  the  bass,  those  sounds  which  ought  to  have  been 
CR 
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in  the  upper  part;  an  operation  not  only  rendered  practicable, 
but  greatly  facilitated  by  the  resemblance  wliicli  one  note  lias 
to  another  in  dillcrent  octaves,  »lieiice  we  derive  the  power  of 
exchanging  one  octave  for  another  with  so  much  propriety  and 
success,  or  by  substituting:  in  the  extremes  those  which  ought 
to  have  occupied  llie  middle  station,  and  vice  versa.  See  Music. 
INVESTIGATION,  properly  denotes  the  searching  or  find- 
ing any  thing  out  by  the  tracks  or  prints  of  the  feet ;  whence 
luathematieians,  schoolmen,  and  grammarians,  came  to  use  the 
term  in  their  respective  researches. 

INVESTING  A  PLACE,  is  when  a  general,  having  an  inten- 
tion to  besiege  it,  detaches  a  body  of  horse  to  possess  all  the 
ivenues,  blocking  up  the  garrison,  and  preventing  relief  from 
getting  into  the  place,  till  the  army  and  artillery  are  got  up  to 
form  the  siege. 

INVESTITURE,  in  Law,  a  giving  livery  of  seisin  or  posses- 
sion. There  was  anciently  a  great  variety  of  ceremonies  used 
upon  investitures,  as  at  first  they  were  made  by  a  certain  form 
o!"  words,  and  afterwards  by  such  things  as  had  the  greatest 
resemblance  to  the  thing  to  be  transferred  ;  thus,  where  lands 
were  intended  to  pass,  a  turf  was  delivered  by  the  granter  to 
the  grantee.  In  the  church,  it  was  customary  for  priests  to 
make  investiture  of  ecclesiastical  benefices,  by  delivering  to  the 
person  they  had  chosen  a  pastoral  staff  and  a  ring. 

INVISIBLE  COMBUSTION.  This  phenomenon  was  ob- 
served by  Sir  Ilusnphrcy  Davy.  When  oxygen  and  hydrogen 
gases  were  made  to  unite  together  and  inllame,  water  was  the 
result  of  their  combustion;  but  SirH.  observed  that  when  these 
gases  were  made  to  pass  through  tubes  of  iron  which  were 
Leatcd  below  redness,  although  no  visible  combustion  appeared 
to  the  eye,  nevertheless  the  two  gases  united,  and  water  was 
the  result.  The  snme  effect  resulted  from  the  application  of  a 
low  heat  in  a  variety  of  ways.  In  applying  this  principle  to 
the  improvement  of  the  safety  lamp.  Sir  H.  Davy  suspended 
some  coils  of  fine  platinum  wire  above  the  wick  of  the  safety 
lamp  in  the  wire  gauze  cylinder.  If  the  lamp  should  be  ex- 
tinguished by  the  quantity  of  fire  damp,  the  glow  of  the  plati- 
num will  continue  to  guide  the  miner  ;  and  by  placing  the  lamp 
in  different  parts  of  the  gallery,  the  relative  brightness  of  the 
■wire  shews  the  state  of  the  atmosphere  in  those  parts.  Wher- 
ever the  wire  continues  ignited,  there  is  still  sufficient  oxygen 
to  support  respiration  ;  for  the  ignition  ceases  when  the  foul  air 
forms  about  two-fifths  of  the  volume  of  the  atmosphere.  It  is 
an  advantage,  that  the  platinum  wire  is  of  a  very  moderate 
price,  and  that  it  is  imperishable  in  its  duration.  If  the  foul 
air  be  in  such  quantity  as  to  stop  the  ignition,  whenever  the 
lamp  is  taken  into  a  purer  atmosphere,  it  again  commences  ; 
and  if  the  air  become  sufficiently  pure,  it  w  ill  ignite  so  as  again 
to  light  the  wick  of  the  lamp,  which  the  fire  damp  had  extiu- 
guislied. 

INVOICE,  an  account,  in  writing,  of  the  particulars  in  mer- 
chandise, with  their  value,  custom,  charges,  &c.  transmitted 
by  one  merchant  to  another  in  a  distant  country.  One  copy 
of  every  invoice  is  to  be  inserted  in  the  invoice  book,  and  an- 
other must  be  despatched  to  the  correspondent.  A  letter  of  ad- 
\icc  is  generally  subjoined. 

Invoice  Book,  this  book  is  paged,  and  contains  copies  of  the 
invoices  of  goods  sent  to  sea. 

INVOLUTE  Curve,  in  the  Higher  Geometry,  is  that 
which  is  traced  out  by  the  extremity  of  a  thread,  as  it  is  folded 
or  wrapped  about  another  figure  or  curve.     See  Evolute. 

INVOLUTION,  in  Algebra  and  Arithmetic,  is  the  raising  a 
given  number  or  quantity  to  any  proposed  power.  In  arith- 
metical and  in  simple  al:;ebraical  quantities,  this  consists  only 
in  multiplying  the  quantity  as  many  limes  by  itself  as  is  neces- 
sary to  produce  tiie  given  power;  the  number  of  operations 
being  one  less  than  the  index  of  the  power  to  be  produced  ; 

thus,        a  X  a  =:  n' 2d  power, 

a  X  a  X  a  rr  n^ 3(1  pow  cr, 

a  X  a  X  a  X  a  :=  a< Ith  power,  &c. 

So.also,  2x2  =      1 •2(\  pow  er  of  2, 

2x2x2  =     8 3d  power  of  2, 

2x  2x  2x  2=   10 4th  power  of  2,  &c. 

And  in  the  same  way  we  may  proceed   with  compound  alge- 
braical quantities ;  but  for  binomial  ones,  it  is  best  to  make 


use  of  the  binomial  theorem,  the  general  form  of  which  is  a* 
follows,  viz. 

n  (  «  —  \) 
(o  -f  4)»=  n" -f  7ia«-iA  4-  °'° 


+ 


«(/!  —  1)  (n—  2) 


1. 


a'<-U3   +,  &c. 


1.2.3 

Whence    (n  +  by  =:  a'  +  2ab  +  ¥ 

(a  +  bf  =.  a""  +  Sa'b  +  Sab'-  +  i' 

(a  +  by  =  a*  +  i  a'b  +  6  u'J'  +  4ab'  +  b 

Sec.  Sec.  See  Binomial. 

IODIC  Acid,  may  be  obtained  in  the  following  way  : — Let 
barytes  w  ater  act  upon  iodine,  and  an  insoluble  iodate  of  barytes 
will  result,  ^^'ash  it  and  pour  upon  it  sulphuric  acid  equal  to 
the  barytes  present,  and  heat  the  mixtuie.  The  iodic  acid 
will  quickly  abandon  its  base,  and  mix  with  the  water  ;  but  a 
little  of  the  sulphuric  acid  will  also  be  mixed  with  it.  Add 
barytes  water,  and  the  two  acids  precipitate  together.  The 
density  of  iodic  acid  is  greater  than  that  of  sulphuric  acid. 
Expose  it  to  a  heat  of  from  600  to  700  deg.  and  it  is  melted 
and  decomposed  into  oxygen  and  iodine.  It  deliquesces  into 
air,  and  is  very  soluble  in  water.  It  destroys  vegetable  colours. 
It  forms  combinations  with  all  the  Huid  and  solid  acids  which 
it  does  not  decompose. 

IODINE,  was  discovered  in  Paris,  by  M.  de  Courtois,  a 
saltpetre  manufacturer,  who  observed  a  rapid  corrosion  of  his 
metal  pots  in  preparing  dillerent  sorts  of  sea-weeds  which  he 
used  ill  making  carbonate  of  soda.  It  is  from  sea-weeds  alone 
that  this  product  of  nature  is  to  be  obtained.  It  has  not  yet 
been  decomposed.  Iodine  is  of  a  grayish  black  colour  and 
metallic  lustre.  It  is  solt  and  friable  to  the  touch.  Its  taste  is 
very  acrid.  It  is  a  deadly  poison.  It  gives  a  brown  stain  to 
the  skin,  which  soon  vanishes  by  evaporation.  The  sp.  gr.  of 
iodine  at  C2i  deg.  is  4.948.  It  dissolves  in  7000  parts  of  w  ater, 
and  the  solution  is  of  an  orange-yellow  colour.  Iodine  is  incom- 
bustible, but  with  azote  it  forms  a  detonating  compound  ;  and 
in  combining  with  several  bodies  it  produces  the  phenomenon  of 
combustion.  The  oxide  of  sodium,  and  the  subcarbonate  of 
soda,  are  completely  decomposed  by  iodine. —  Iodine  forms 
with  sulphur  a  compound  of  a  grayish  black  colour,  radiated 
like  sulphuret  of  antimony.  Iodine  and  phosphorus  combine 
with  great  rapidity  at  common  temperatures,  and  produce  heat 
without  light.  Oxygen  expels  iodine  from  both  sulphur  and 
phosphorus.  Hydrogen,  whether  dry  or  moist,  does  not  seem 
to  have  any  action  on  iodine  at  the  ordinary  temperature  ;  but 
if  we  expose  a  mixture  of  hydrogen  and  iodine  to  a  red  heat  in 
a  tube,  they  unite  together,  and  hydriodic  acid  is  produced, 
which  gives  a  reddish  brown  colour  to  water.  Charcoal  has  no 
action  upon  iodine.  Several  of  the  metals,  as  ziuc,  iron,  tin, 
mercury,  attack  it  readily,  even  at  a  low  temperature,  provided 
they  be  in  a  divided  slate  ;  they  produce  but  little  heat,  and  but 
rarely  any  light.  Iron  is  acted  on  by  iodine  in  the  same  way 
as  zinc,  and  a  brown  iodine  results.  Antimony  presents,  with 
iodine,  the  same  phenomena  as  tin ;  the  iodines  of  lead,  copper, 
bismuth,  silver,  and  mercury,  are  insoluble  in  water.  This  is 
at  least  the  case  with  the  above  mentioned  metals.  There  are 
two  iodines  of  mercury  ;  the  one  yellow,  the  other  red  ;  both 
are  fusible  and  volatile.  When  iodine  and  oxides  act  upon 
each  other  in  contact  with  water,  its  hydrogen  unites  with  iodine 
to  form  hydriodic  acid  ;  while  its  oxygen  on  the  other  hand 
produces  with  iodine,  iodic  acid.  Iodine  of  mercury  has  been 
proposed  for  a  pigment.  Iodine  has  been  successfully  given 
internally  for  the  purpose  of  reducing  the  goitre,  or  swelling 
of  the  neck, 

IONIC  Ordek.    See  Architecture. 

Ionic  Dialect,  in  Grammar,  a  manner  of  speaking  peculiar 
to  the  people  of  Ionia. 

IRIDIUM.  Mr.  Tennant,  on  examining  the  black  powder 
left  after  dissolving  plalina,  which,  from  its  appearance,  had 
been  supposed  to  consist  chicfiy  of  plumbago,  found  it  contain- 
ed two  distinct  metals,  never  before  noticed,  which  he  has 
named  iridium,  and  osmium.  The  former  of  these  was  observ- 
ed soon  after  l)y  Descostils,  and  by  Vauquelin.  Lead  unites 
with  it  easily,  but  is  separated  by  cupcllation,  leaving  the  iridi- 
iini  on  the  cupel  as  a  coarse  black  powder.  Copper  forms  with 
it  a  very  malleable  alloy,  which  after  cupcllation,  with  the  addi- 
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tion  of  lead,  leaves  a  small  proportion  of  the  iridium,  but  much 
less  than  in  the  preceding  instance.  Silver  forms  with  it  a  per- 
fectly malleable  compound,  the  surface  of  which  is  tarnished 
merely  by  cupellalion  ;  yet  the  iridium  appears  to  be  dilfuscd 
through  it  in  fine  powder  only.  Gold  remains  malleable,  and 
little  altered  in  colour,  though  alloyed  with  a  considerable  pro- 
portion, nor  is  it  separable,  either  by  cupellation  or  quarlatlon. 
IRIS,  in  Anatomy,  the  interior  coloured  part  of  the  uvea  of 
the  eye,  so  called  because  of  its  variety  of  colours,  iris  being 
the  Latin  for  rainbow.  See  Anatomy  and  Optics. 
IRIS,  the  name  of  the  rainbow,  which  see. 
Iris  Marina,  the  Sea  Itciinbow.  This  elegant  appearance  is 
generally  seen  after  a  violent  storm,  in  which  the  sea  water 
has  been  much  agitated.  The  celestial  rainbow  has  great  ad- 
vantage over  the  marine  one,  in  the  brightness  and  variety  of 
the  colours,  and  in  their  distinctness  one  from  the  other ;  for  in 
the  sea  rainbow  there  are  scarcely  any  other  colours  than  a  dusky 
yellow  on  the  part  towards  the  sun,  and  a  pale  green  on  the 
opposite  side  ;  the  other  colours  are  not  so  bright  or  distinct 
as  to  be  well  determined:  but  the  sea  rainbows  are  more  fre- 
quent and  more  numerous  than  the  others.  It  is  not  uncom- 
mon to  see  twenty  or  thirty  of  them  at  a  time,  at  noon-day. 

IRON,  is  the  most  universally  diffused  metal  throughout 
nature.  It  is  found  in  animals,  in  vegetables,  and  in  almost  all 
bodies.  It  is  seldom  found  native,  but  combined  with  a  great 
variety  of  substances.  It  is  particularly  distinguished  by  its 
magnclical  properlics,  by  its  hardness  and  elasticity,  by  its 
ductility,  and  the  property  of  being  welded,  but  it  is  very  difli- 
cult  to  fuse.  Iron  soon  rusts  or  oxydatcs  when  exposed  to  the 
action  of  water.  Iron  filings  agitated  in  water  become  oxyda- 
ted,  and  assume  the  form  of  a  black  powder,  called  martial 
Elliiops.  When  iron  ore  is  fused  in  large  furnaces,  it  is  made 
to  flovv  into  a  kind  ofmould  formed  in  sand.  This  first  product, 
which  is  exceedingly  brittle,  and  not  at  all  malleable,  is  called 
cast  iron,  of  which  are  formed  stoves,  pipes,  cannon,  and  other 
articles.  Cast,  or  crude  iron,  contains  carbon  and  oxygen. 
The  presence  of  the  former  appears  from  its  coaling  the  utensils 
employed  in  its  fusion  with  plumbago  or  black  lead,  which 
contains  nine-tenths  of  carbon  and  one  of  iron. 

Crude  iron  is  in  three  states,  white,  gray,  or  black,  according 
as  it  contains  a  larger  proportion  of  carbon,  an  exact  propor- 
tion of  carbon  and  oxygen,  or  a  larger  proportion  of  oxygen. 
To  render  the  ijoii  malleable,  it  must  be  freed  from  the  carbon 
and  oxygen  which  it  contains  ;  by  being  fused  and  kept  in  that 
state  for  some  time,  stirring  and  kneading  it  all  the  while  ; 
by  this  the  carbon  and  oxygen  unite,  and  are  expelled 
in  tlie  form  of  carbonic  acid  gas.  It  is  then  subjected  to 
the  action  of  large  hammers,  or  to  the  pressure  of  rollers,  by 
which  the  remaining  oxyd  of  iron  and  other  impurities  are 
forced  out.  The  iron  is  now  no  longer  crystallized  or  granular 
in  its  texture ;  it  is  fibrous,  and  ductile,  and  is  in  a  purer  stale, 
though  far  from  being  absolutely  pure.  It  is  capable  of  being 
welded  and  worked  by  hammers  into  any  form.  It  is  now  called 
forged  or  wrought  iron. 

There  are  several  varieties  of  iron  in  this  stale,  arising  from 
the  intermixtnre  of  other  substances.  There  is  one  kind  of 
forged  iron,  which  when  cold  is  ductile,  but  when  heated  is  ex- 
tremely brittle  ;  it  is  also  fusible.  This  is  termed  hot  short 
iron.  Cold  short  iron  possesses  precisely  the  opposite  proper- 
ties, being  highly  ductile  while  hot,  but  when  cold  extremely 
brittle.  The  causes  of  these  peculiarities  have  not  been  per- 
fectly explained.  Iron  is  capable  of  being  reduced  to  a  tliird 
state,  which  is  that  of  steel.  It  is  converted  into  steel  by  expos- 
ing it  to  heat  in  contact  wilh  carbonaceous  substances,  which 
unite  themselves  with  it.  Thus  we  have  three  stales  in  which 
iron  may  exist,  viz.  cast  iron,  forged  iron,  and  steel. 

Cast  iron  contains  too  great  a  <|uantity  of  carbonaceous  sub- 
stance ;  it  may  be  called  steel  too  nmch  steelified  ;  it  is  there- 
fore exceedingly  brittle,  and  not  at  all  malleable.  Forged  iron 
is  iron  purified  from  all  foreign  substances.  And  in  regard  to 
its  property  of  being  welded,  we  may  judge  from  the  following 
account  I  am  about  to  relate;  for  were  it  not  for  the  property 
which  iron  has  of  being  welded,  that  is,  united  in  various  parts 
without  the  assistance  of  rivets  or  solder,  this  very  plentiful 
metal  would  he  useless  for  many  purposes  ;  but  as  it  is,  what 
may  not  be  accompli  jlied  by  it!  The  most  stupendous  metallic 


fabric  ever  executed  by  man,  is  the  Chinese  "  bridge  ofchains," 
hung  over  an  awful  precipice  near  Ringtung,  to  connect  two 
mountaius.  In  this  bridge  there  are  twenly-one  chains,  stretch- 
ed over  the  valley  or  abyss  ;  these  are  bound  together  by  other 
chains  which  cross  them.  The  whole  forms  a  perfect  and  safe 
road,  extending  from  the  summit  of  one  mountain  to  ihat  of  the 
other.  A  bridge,  upon  a  similar  principle,  and  of  the  same 
material,  is  now  in  the  act  of  being  erected  over  the  Menai 
Strait,  (to  connect  Wales  with  the  Isle  of  Anglesea,)  by  Mr. 
Telford,  the  engineer. 

Steel  is  formed  by  bedding  in  charcoal,  in  a  close  furnace, 
alternate  layers  of  malleable  iron  and  charcoal,  and  exposing 
them  to  a  strong  fire  for  six  or  eight  days.  This  process  is  called 
cemenlation.  During  this  operation,  the  iron  combines  wilh  a 
quantity  of  carbon,  and  is  converted  into  blistered  steel.  This 
is  either  rendered  more  perfect  and  malleable,  by  subjecting  it 
to  the  operation  of  the  hammer,  or  it  is  fused,  and  cast  into 
small  bars,  forming  cast-steel. 

Steel  holds  a  middle  rank  belv^een  cast  and  forged,  or  mal- 
leable iron.  It  is  composed  of  very  small  grains:  and  when 
hot,  possesses  a  considerable  degree  of  malleability.  It  is 
spccilically  heavier  than  forged  iron.  It  is  denser  than  forged 
iron,  but  is  not  harder.  To  conmiunicate  to  it  the  neces- 
sary hardness,  it  must  be  tempered ;  that  is  to  say,  after 
being  exposed  to  a  greater  or  less  degree  of  beat,  according 
to  the  required  degree  of  hardness,  it  must  be  suddenly 
cooled  by  immersion  in  cold  water.  Tempering  renders  it 
harder,  more  elastic,  and  more  brittle.  It  may  be  made  so 
hard  as  to  scratch  glass.  Steel  thus  hardened,  may  have  its 
softness  and  ductility  restored,  by  again  beating,  and  safl'cring 
it  to  cool  slowly. 

A  polished  bit  of  steel,  when  heated  with  access  of  air,  ac- 
quires very  beautiful  colours.  It  first  becomes  of  a  pale  yel- 
low, then  of  a  deeper  yellow,  next  reddish,  then  deep  blue,  and 
at  last  bright  blue.  At  this  period  it  becomes  red-hot,  and  the 
colours  disappear  ;  at  the  same  time  that  the  metallic  scales,  or 
the  black  imperfect  oxyd  of  iron  which  is  formed,  inerusts  its 
surface.  All  these  dili'crent  shades  of  colour  indicate  the  dif- 
ferent tempers  the  steel  has  acquired  by  the  increase  of  heat. 
Artists  have  availed  themselves  of  this  property,  to  give  to  sur- 
gical and  other  sharp  instruments  those  degrees  of  temper 
which  their  various  uses  require.  Tempered  steel  is  more 
elastic,  and  harder,  than  iron.  Its  use  is  too  well  known  to  re- 
(juire  elucidation. 

Wootz,  a  metal  brought  from  the  East  Indies,  was  examined 

by  Dr.  Pearson,  who  discovered  that  it  was  iron  united  to 

carbon,  and  also  to  oxygen. 

The  sulphate  of  iron  is  common  copperas  in  an  impure  state. 

IRRATIONAL,  an  appellatiorv  given  to  surd  numbers  and 

quantities.     See  ALcenRA. 

IRREGUL.\R,  in  Grammar,  such  inflections  of  words  as 
vary  from  the  general  rules. 

IRRITABILITY,  in  Physiology,  is  the  properly  peculiar  to 
the  muscles,  by  which  they  contract  upon  the  application  of 
certain  stimuli,  without  consciousness  of  action.  The  laws  of 
irritability  are,  1.  After  every  action  in  an  irritable  part,  a  state 
of  rest,  or  cessation  from  motion,  must  take  place  before  the 
irritable  part  be  again  incited  to  action.  2.  Each  irritable  part 
has  a  certain  portion  or  quantity  of  the  principle  of  irritability 
which  is  natural  to  it.  part  of  which  it  loses  during  action,  or 
from  the  application  of  stimuli.  3.  It  regains  this  lost  quantity 
during  its  repose  or  state  of  rest.  4.  Eaeli  irritable  part  has 
stimuli  which  are  peculiar  to  it ;  and  which  are  intended  to 
support  its  natural  aelinn  :  thus  blood,  w  liicli  is  the  stimulus 
pnipcr  to  the  heart  and  arteries,  if  by  any  accident  it  gets  into 
the  stomach,  produces  sickness  or  vomiting.  5.  Each  irritable 
partdillers  from  the  rest  in  regard  to  the  quantity  of  irritabi- 
lity which  it  possesses.  G.  .Ml  stimuli  produce  action  in  pro- 
portion to  their  irritating  powers.  7.  The  action  of  every  sti- 
mulus is  an  inverse  ratio  to  the  frequency  of  its  application. 
S.  The  more  the  irritability  of  a  part  is  accumulated, 
the  more  that  part  is  disposed  to  be  acted  upon.  U.  If  the 
stimuli  which  keep  up  the  action  of  any  irritable  body  be  with- 
drawn for  too  great  a  lensth  of  time,  that  process  on  which  ihe 
formation  of  the  principle  depends  is  gradually  diminished, 
and  at  last  entirely  destroyed. 


624 


1  S  L 


DICTIONARY    OF    MECHANICAL   SCIENCK. 


1  T  C 


IS ATIS  TiNCTORi  A,  tlie  plant  called  woad,  used  in  dyeing. 

ISINGLASS.  This  substance  is  almost  wholly  gelaline  ; 
100  grains  of  good  dry  isinglass  containing  rather  more  than 
98  of  matter  soluble  in  water.  Isinglass  is  made  from  certain 
fish  found  in  the  Danube,  and  the  rivers  of  Muscovy.  Wil- 
Joughby  and  others  inform  us  that  it  is  made  of  the  sound  of 
the  Beluga  ;  and  Neumann,  that  it  is  made  of  the  Huso  Germa- 
norum,  and  other  fish,  which  be  has  frequently  seen  sold  in  the 
ji"'  '"c  markets  of  Vienna.  Mr.  .Tackson  remarks,  that  the 
sounds  of  cod,  properly  prepared,  afford  this  substance;  and 
that  the  lakes  of  America  abound  with  fish  from  which  the  very 
finest  sort  may  be  obtained.  Isinglass  receives  its  different 
shapes  in  the  following  manner.  The  parts  of  which  it  is  com- 
posed, particularly  the  sounds, are  taken  from  the  fish  wliile  sweet 
and  fresh,  slit  open,  washed  from  their  slimy  sordes,  divested 
of  a  very  thin  membrane  which  envelopes  the  sound,  and  then 
exposed  to  stiffen  a  little  in  the  air.  In  this  state,  they  are 
formed  into  rolls  about  the  thickness  of  a  finger,  and  in  length 
according  to  the  intended  size  of  the  staple  ;  a  thin  membrane 
is  generally  selected  for  the  centre  of  the  roll,  round  which  the 
rest  are  fobled  alternately,  and  about  half  an  inch  of  each  ex- 
tremity of  the  roll  is  turned  inwards.  Isinglass  is  best  made 
in  the  summer,  as  frost  gives  it  a  disagreeable  colour,  deprives 
it  of  its  weight,  and  impairs  its  gelatinous  principles.  Isinglass 
boiled  in  milk  forms  a  mild  nutritious  jelly,  and  is  thus  some- 
times employed  medicinally.  This,  when  flavoured  by  the  an 
of  the  cook,  is  the  blancmange  of  our  tables.  A  solution  of 
isinglass  in  water,  with  a  very  small  proportion  of  some  balsam, 
spread  on  black  silk,  is  the  court  plaster  of  the  shops, 

ISIS,  Coral,  in  Natural  History,  a  genus  of  the  verme*  zoo- 
phyta  class  and  order.     See  Corallines. 

ISLAND,  or  Isle,  is  a  quantity  of  land  entirely  surrounded 
with  water.  Son)e  conclude  that  islands  are  as  ancient  as  the 
world,  and  it  is  by  no  means  probable  that  the  large  islands 
far  interior  from  the  continent  are  new,  and  that  they  either 
arose  out  of  the  sea,  or  were  torn  from  the  main  land.  Nor  is 
it  less  certain  that  there  have  been  new  islands  formed  by  the 
casting  up  of  vast  heaps  of  clay,  mud,  sand,  &c.  as  that,  for 
instance,  of  Tsongming  in  the  province  of  Nanquin  in  China; 
or  by  the  violence  of  the  sea,  which  has  torn  olf  large  promon- 
tories from  the  continent,  as  the  ancients  imagined  Sicily,  and 
even  Great  Britain,  to  have  formed.  It  is  also  certain  that 
some  have  emerged  above  the  waves,  as  Santorini  formerly, 
and  tliree  other  isles  near  it  lately;  the  last  in  1707,  which 
rose  from  the  bottom  of  the  sea,  after  an  earthquake  that  was 
supposed  to  bave  loosened  it  from  its  hold.  Several  naturalists 
are  of  opinion  that  islands  were  formed  at  the  deluge  :  others 
think  they  have  been  rent  and  separated  from  the  continent  by 
violent  storms,  inundations,  and  earthquakes.  These  last  have 
observed  that  the  East  Indies,  which  abound  in  islands  more 
than  any  other  part  of  the  world,  are  likewise  more  annoyed 
with  earthquakes,  tempests,  lightnings,  volcanoes,  &c.  than 
any  other  part.  Varenius  thinks  most  of  their  opinions  true  in 
some  instances,  and  believes  that  there  have  been  islands  pro- 
duced each  of  these  ways.  St.  Helena,  Ascension,  and  other 
steep  rocky  islands,  he  supposes  to  have  become  so,  by  the 
seas  overnowing  their  neighbouring  champaigns.  By  the  heap- 
ing up  huge  quantities  of  sand  and  other  terrestrial  matters,  he 
thinks  the  islands  of  Zealand,  Japan,  &c.  were  formed.  Sumatra 
and  Ceylon,  and  most  of  the  East  Indian  islands,  he  rather 
thinks  were  rent  off  from  the  main  land  ;  and  concludes,  that 
the  islands  of  the  Archipelago  were  formed  in  the  same  way  ; 
imagining  it  probable  that  Deucalion's  flood  might  have  con- 
tributed towards  it.  The  ancients  had  a  notion  that  Dclos  and 
some  other  islands  rose  from  the  bottom  of  the  sea,  which,  how 
fabulous  soever  it  might  appear,  agrees  very  well  with  some 
later  observations.  Seneca  takes  notice  that  the  island  Thu- 
asia  rose  outof  the  jEgean  sea  in  his  time,  of  which  the  mariners 
were  eyewitnesses.  Seneca  mentions  several  floating  islands 
in  Italy;  and  later  writers  have  described  not  a  few  of  them 
in  other  places;  but  how  true  soever  the  histories  of  these 
might  have  been  at  the  time  they  were  written,  there  remain 
very  few  proofs  of  their  truth  at  present,  these  islands  having 
either  disappeared  again,  or  been  fixed  to  the  sides,  in  some 
places,  so  as  to  have  made  a  part  of  the  sho 

Island  of  Ice,  a  name  given  to  a  great  quantity  of  ice  col- 


lected into  one  solid  mas.s.  and  floating  upon  the  seas,  near,  or 
within  the  polar  circles.  Many  of  these  fluctuating  islands  are 
met  with  on  the  coasts  of  Spitsbergen,  to  the  great  danger  of 
the  shipping  employed  in  the  Greenland  fishery. 

Island  or  Iceland  Crystal,  a  body  famous  for  its  property  of 
a  double  refraction;  but  improperly  called  by  that  name,  as  it 
has  none  of  the  distinguishing  characters  of  crystal,  being  of  a 
genus  of  spars.  It  is  always  found  in  forms  of  an  oblique 
parallelepiped,  with  six  sides,  and  of  various  sizes,  from  a  quar- 
ter of  an  inch  to  three  inches  or  more  in  diameter.  It  is  pellu- 
cid, and  not  much  less  bright  than  the  purest  crystal,  and  its 
planes  are  all  tolerably  smooth.  All  the  surfaces  are  placed  in 
the  same  manner,  and  it  w  ill  split  olf  into  thin  plates,  either 
horizontally  or  perpendicularly.  See  Oi'Tics  and  Refrac- 
tion. It  is  very  soft,  and  easily  scratched  with  the  point  of  a 
pin  :  it  will  not  give  fire  on  being  struck  against  steel ;  fer- 
ments, and  is  perfectly  dissolved  in  aquafortis.  It  is  found  in 
Iceland,  from  whence  it  has  its  name,  and  in  France,  Germany, 
and  many  oilier  places. 

ISOSCELES  Triangle,  (a  word  of  Greek  derivation,)  is  a 

triangle  of  two  equal  legs   or  sides; 

such   is    the    triangle    ABC.       The 

angles    at    the   base    of  an    isosceles 

triangle  are  equal,  and  if  the  sides  be 

produced,  the  angles   under  the  base 

are  also   e(|ual.     If  the   line   BD    be 

drawn    perpendicular   to  the  base,  it 

will  bisect  the  base  and  the  vertical 

angle  ;  or  if  it  be  drawn  to  bisect  the 

base,  it  will  be  perpendicular   to  it. 

This  theory  is  of  very  extensive  use,  not  only  in  pure  analysis 

and  geometry,   but  in  various   other  subjects  of  mathematical 

inquiry  and  computation,  and  particularly  in  astronomy. 

ISOCHRONAL,  Isociirone,  Isochronus,  is  applied  to  such 
vibrations  of  a  pendulum  as  are  performed  in  the  same  space  of 
time. 

Isochronal  Ltne,  that  in  which  a  heavy  body  is  supposed  to 
descend  without  any  acceleration. 

ISSUE,  in  Conunon  Law,  has  various  applications,  being 
sometimes  taken  for  the  children  begotten  between  a  man  and 
his  wife ;  sometimes  for  profits  growing  from  amercements  or 
fines;  sometimes  for  profits  of  lands  and  tenements;  but  more 
frequently  for  the  point  of  matter  depending  in  suit,  whereupon 
the  parties  join,  and  put  their  cause  to  the  trial  of  the  jury.  In 
all  the  occasions,  issue  has  but  one  signification,  which  is,  an 
effect  of  a  cause  preceding :  as  ti.e  children  are  the  effect  of  the 
mariiage  between  the  parents  ;  the  profits  growing  to  the  king 
or  lord,  from  the  punishment  of  any  man's  offence,  are  the 
effect  of  his  transgression;  the  point  referred  to  the  trial  of 
twelve  men,  is  the  effect  of  pleading,  kjt  process.  See  Plea 
and  Issue. 

ISSUES,  in  Surgery,  are  little  ulcers  made  designedly  by 
the  surgeon,  in  various  parts  of  the  body,  and  kept  open  by  the 
patient,  for  the  preservation  or  recovery  of  his  health. 

ISTHMUS,  a  narrow  neck,  or  slip  of  ground,  which  joins 
two  continents,  or  joins  a  peninsula  to  the  terra  firma,  and 
separates  two  seas.  See  Peninsula.  The'  most  celebrated 
isthmuses  are  those  of  Panama  or  Darien,  which  joins  North 
and  South  America;  that  of  Suez,  which  connects  Asia  and 
Africa;  that  of  Corinth,  or  Peloponnesus,  in  the  Morca  ;  that 
of  Crim  Tartary,  otherwise  called  Taurica  Chersoncsus ;  that 
of  the  Peninsula  Romania  and  Brisso,  or  the  isthmus  of  the 
Thracian  Chersoncsus,  twelve  furlongs  broad,  being  that  which 
Xerxes  undertook  to  cut  through.  The  ancients  had  several 
designs  of  cutting  the  isthmus  of  Corinth,  which  is  a  rocky 
hillock,  about  ten  miles  over;  but  they  were  all  in  vain,  the 
invention  of  sluices  being  not  then  known.  There  liaNO  been 
attempts  too  for  cutting  the  isthmus  of  Suez,  to  make  a  com- 
munication between  the  Red  Sea  and  the  Mediterranean,  hut 
these  also  failed;  and,  in  one  of  them,  a  king  of  Egypt  is  said 
to  have  lost  120,000  men. 

ITCH,  a  cutaneous  disease,  supposed  to  be  caused  by  an 
insect,  a  species  of  the  genus  acarus,  or  spider  of  the  human 
flesh,  which,  when  viewed  by  a  good  microscope,  is  white,  with 
reddish  legs,  the  four  bind  ones  having  a  long  bristle.  It  is 
found  in  the  small  pellucid  vesicles  in  the  hands  and  joints. 
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It  appears  to  he  not  only  the  cause  of  the  disorder,  bat  the 
reason  why  it  is  so  highly  infectious. 

IVORY,  in  Natural  History,  &c.  a  hard,  solid,  and  firm  sub- 
stance, of  a  white  colour,  and  capable  of  a  very  good  polish. 
It  is  the  tusk  of  the  elephant;  and  is  hollow  from  the  base  to 
a  certain  height,  the  cavity  being  filled  up  with  a  compact 
medullary  substance,  seeming  to  have  a  great  number  of  glands 
in  it.  It  is  observed  that  the  Ceylon  ivory,  and  that  of  the 
island  of  Acheen,  do  not  become  yellow  in  the  wearing,  as  all 
other  ivory  does  ;  for  this  reason  the  teeth  of  these  places  bear 
a  larger  price  than  those  of  the  coast  of  Guinea.  As  an  article 
of  domestic  use,  the  shavings  of  ivory,  which  may  be  procured 
of  any  ivory  turner,  when  boiled  in  water,  form  a  strong  and 
excellent  jelly,  equal  in  every  respect  to  hartshorn  jelly;  and, 
at  times,  of  great  service  to  the  sick,  particularly  as  the  restor- 
ative virtues  of  ivory  jelly  are  very  great,  and  its  flavour  agree- 


able. Should  the  sending  to  a  turner  be  inconvenient  or  Im- 
practicable, any  piece  of  ivory  that  may  be  at  hand  will  answer 
the  purpose  by  scraping  it  with  a  knife.  In  the  manufacture  of 
ivory  and  bone  ornaments,  and  articles  of  domestic  use,  both 
these  substances  are  softened  by  submitting  them  to  the  action 
of  aquafortis  for  twelve  hours,  and  subse<iuently  to  the  juice  of 
berries,  we  should  say  that  of  white  currants,  if  the  colour  is  to 
be  preserved.  This  operation  softens  both  ivory  and  bone  to 
so  pliant  a  degree,  that  they  take  any  shape  you  may  be  dis- 
posed to  give  them  in  a  die.  They  are  again  hardened  by 
placing  the  articles  in  strong  vinegar  for  four  or  five  hours. 
When  ivory  is  discoloured,  it  may  be  bleached  or  whitened  by 
immersing  it  an  hour  in  a  solution  of  alum  boiled  in  fair  water. 
Then  rub  the  ivory  with  a  cloth,  to  prevent  it  drying  too 
quickly,  which  sometimes  makes  it  crack,  and  thus  spoils  a 
curious  or  valaable  article. 


J. 
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J  J  is  thejod  consonant,  which  because  of  its  difl'erent  pro- 
nunciation, has  likewise  a  difl'erent  form,  thus  J,j.  In  Eng- 
lish it  has  the  soft  sound  of  g,  nor  is  it  used  but  when  g  soft  is 
required  before  vowels,  where  g  is  usually  hard  ;  thus  we  say 
jacks  jet,  join.  Sic.  instead  oi gach,  get,  gain,  SiC.  which  would  be 
contrary  to  the  genius  of  the  English  language. 

.TABAROSA,  in  Botany,  a  name  taken  from  the  Arabic 
appellation  of  the  mandrake  Jaborosa,a.nd  given  to  a  particular 
plant  which  agrees  with  it  in  habit,  and  almost  in  genus. 

JACK,  a  sort  offlag,  or  colours,  displayed  from  a  stalferected 
on  the  outer  end  of  a  ship's  bowsprit.  In  the  British  navy,  the 
jack  is  a  small  union  flag,  but  in  merchant  ships  the  union  is 
bordered  with  red. 

Jack  in  the  Box,  a  large  wooden  male  screw,  turning  in  a 
female  one,  which  forms  the  upper  part  of  a  strong  wooden 
box,  shaped  like  the  frustum  of  a  pyramid.  It  is  used  by  means 
of  levers  passing  through  holes  in  it,  as  a  press  in  packing,  and 
for  other  purposes. 

Jack,  in  Mechanics,  a  well-known  instrument  of  common  use 
for  raising  great  weights,  being  a  powerful  combination  of  teelh 
and  pinions,  and  the  whole  enclosed  in  a  strong  wooden  stock 
or  frame  BC,  and  moved  by  a  winch  or  handle  HP;  the  out- 


side appearing  as  in  fig.  1. 
shewn,  being  the 
view  of  the  inside 
when  the  stock  i,<t 
removed.  Though 
it  is  not  drawn  in  the 
just  proportions  and 
dimensions,  for  the 
rack  A  B  must  be 
supposed  at  least 
four  times  as  long  in 
proportion  to  the 
wheel  Q,  as  the  fi- 
gure represents  it; 
and  the  teeth,  which 
will  be  then  four 
times  more  in  num- 
ber, to  have  about 
'  in  the  inch.  Now 
if  the  handle  H  P  be 
7  inches  long,  the 
circHiiileienceoftliis 
radius  will  be  44 
inches,  which  is  the 
distance  or  space 
the  power  moves 
54. 


the  wheel  or  rack  work  is 


through  in  one  revolution  of  the  handle  ;  but  as  the  pinion  of 
llie  handle  has  but  four  leaves,  and  the  wheel  Q  suppose  20 
teeth,  or  five  times  the  number,  therefore,  to  make  one  revolu- 
tion of  the  wheel  Q,  it  requires  5  turns  of  the  handle,  when  it 
passes  through  5  x  44  or  220  inches;  but  the  wlieel  having  a 
pinion  R,  of  3  leaves,  these  raise  the  rack  3  teeth  or  1  inch  in 
the  same  space.  Consequently  the  handle  moving  220  times 
faster  than  the  weight,  raises  220  times  its  own  energy.  A  man 
therefore  who  exerts  a  force  of  501b,  will  by  this  jack  raise  5 
tons,  or  220  x  50lb  ml  1000  lb  weight.  The  improved  jack  has 
a  pall  or  clock  and  ratchet,  which  prevents  the  machine  from 
running  back,  if  by  any  accident  the  weight  should  overbalance 
the  power  exerted.  Jacks  are  sometimes  open  behind  from 
the  bottom  almost  up  to  the  wheel  Q,  to  allow  the  lower  claw, 
which  in  that  case  is  turned  up  at  B,  to  draw  up  the  weight. 
This  is  then  kept  from  going  back  by  banging  the  end  of  the 
hook  S,  fixed  to  a  staple,  over  the  curved  part  of  the  handle 
at  B. 

Jack  is  also  the  name  of  a  well-known  engine  in  the  kitchen, 
used  for  turning  a  spit.  Here  the  weight  is  the  power  applied, 
acting  by  a  set  ofpnilevs;  the  friction  of  the  parts,  and  the 
weight  with  which  the  spit  is  charged,  are  the  forces  to  be  over- 
come ;  and  a  steady  uniform  motion  is  maintained  by  means  of 
a  fly. 

The  common  worm-jack  is  represented  as  follows  : — A  E  C  is 
the  barrel  rouud  which  the  cord  Q  R  is  wound.  KL  the  main 


wheel,  rommonly  containing  CO  teeth.     N  the  worm  wheel  oi 
about  30  teeth,  cut  obliquely.     I  is  the  pinion,  of  about  16      O 
e  S 
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the  worm  or  endless  screw,  consisting  of  two  spiral  threads, 
making  an  angle  of  60  or  70  degress  with  its  axis-  X  the  stud, 
and  Z  the  loop  of  the  worm  spindle.  P  a  heavy  wheel,  or  tly, 
connected  with  the  spindle  of  the  endless  screw,  to  make  the 
motion  uniform.  D  G  the  struck  wheel  fixed  to  the  axis  FD- 
S,  S,S,  are  holes  iu  the  frame,  by  which  it  may  be  nailed  to  a 
board,  and  thence  to  any  wall,  the  end  D  being  permitted  to 
pass  through  it.  H  I  the  handle  going  upon  the  axis  ET,  to 
wind  up  the  weight  when  it  has  run  down.  R  is  a  box  of  fixed 
pulleys,  and  V  a  corresponding  one  ofmoveahle  pulleys  carry- 
ing the  weight.  The  axis  ET  is  fixed  in  the  barrel  AC,  which 
axis  being  hollow,  both  it  and  the  barrel  turn  round  upon  the 
axis  FD,  which  is  fixed  to  the  wheel  K  L,  when  it  turns  in  the 
order  B  T  A  ;  but  cannot  turn  the  contrary  way,  by  reason  of  a 
catch  nailed  to  the  end  A  B,  which  lays  hold  of  the  cross-bars 
in  the  wheel  L  K. 

The  weight,  by  means  of  a  cord  Q  R,  in  consequence  of  its 
descent,  carries  about  the  barrel  A  B,  which  by  the  action  of 
the  catch  carries  the  wheel  K  L,  and  this  moves  the  pinion  LM 
and  wheel  N,  the  latter  moving  the  worm  O,  and  the  fly  P. 
Also  the  wheel  LM  carries  the  axis  F  D  with  the  wheel  I)  G, 
which  carries  the  cord  or  chain  that  goes  about  the  wheel  or 
pulley  at  the  head  of  the  spit.  But  when  the  handle  H  gives 
motion  to  the  axis  in  a  contrary  direction  to  that  given  by  the 
weight,  the  catch  is  depressed  ;  so  that  although  the  barrel  B  C 
moves  and  winds  the  cord  upon  it,  the  wheel  DG  continues  at 
rest.  The  time  which  the  jack  will  continue  in  motion  de- 
pends upon  the  number  of  pulleys  at  Rand  V:  and  as  these 
increase  or  decrease,  so  must  the  weight  which  communicates 
the  motion,  in  order  to  perform  the  same  work  in  the  same  time. 

Snwiie  .Jack,  is  an  engine  used  for  the  same  purpose  as  the 

common  jack  ;  and  is 

so     called    from    Its  'u{.\\  ^s'^'d:''-  \\  ,,:■:,  'i!; 
being      moved      by  p 
means  of  the  smoke  1. 
or    rarefied    air,    as-  Lj 


cending  the  chimney, 
and  striking  against 
the  sails  of  the  hori- 
zontal wheel  A  li, 
which  being  inclined 
to  the  horizcm,  is 
moved  about  the  axis 
of  the  wheel  together 
with  the  pinion  C, 
which  carries  the 
wheels  D  and  E;  and  l  — ^_i;, 
E  carries  the  chain  F, 
which  turns  the  spit. 
The  wheel  A  B  should 
be  placed  in  the  nar- 
row part  of  the  chim- 
ney, where  the  nm- 
tion  of  the  smoke  is 
swiftest,  and  where 
the  largest  volume  of 
it  must  evolve  about  the  sails 


Ijilii 


Smoke  jacks  arc  sometimes 
moved  by  spiral  flyers,  coiling  about  a  vertical  wheel,  and  at 
other  times  by  a  vertical  wheel  with  sails,  like  the  Hoat  boards 
of  a  mill. 

JACTITATION  of  Mahkiage,  in  Law,  is  when  one  of  the 
party  boasts,  or  gives  out,  that  he  or  she  is  married  to  the 
other,  whereby  a  common  reputation  of  their  matrimony  may 
ensue.  On  this  ground  the  pnrty  injured  may  libel  the  other 
in  the  spiritual  court;  and  unless  the  defendant  undertake  and 
make  out  a  proof  of  the  actual  marriage,  he  or  she  is  enjoined 
perpetual  silence  on  that  head. 

JALAP,  a  root  which  is  used  in   medicine  as  a  purgative. 

According  to  Dr.  Henry,  three  kinds  of  jalap  yielded  as  follows  : 

jalap  leger.      Jalap  sain.      Jalap  pique. 

Resin 90     48     72 

Extract 75     140     12.5 

Starch 95     102     103 

Woody  fibre 278     210     200 
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JAM,  Raspberry,  is  made  by  boiling  fine  ripe  raspberries 
half  an  hour  over  a  slow  fire  with  theirowii  weight  of  loaf  sugar 
and  half  their  weight  of  white  currant  juice.  The  liquor  should 
be  cleanly  skimmed  while  boiling,  and  then  put  into  pots, 
covered  with  brandy  paper. 

Strawherry  Jam,  is  made  in  the  same  manner. 

JAMES'S  Powders,  ot  Anf.imonial  Pouders,  a  well  known 
preparation,  in  medicine,  of  phosphate  of  lime  and  antimony. 
In  a  recent  analysis  of  this  valuable  powder,  it  was  found  to 
consist  of  peroxide  of  antimony  56'  0  parts,  phosphate  of  lime 
422  parts,  oxide  of  antimony,  impurity  and  loss  18  ::z  10000. 
See  Antimony.  Phosphate  of  lime  is  a  mineral  produced  by 
the  combination  of  lime  with  phosphoric  acid. 

In  Spain  there  are  entire  rocks  of  phosphate  of  lime,  which 
the  inhabitants  hew  into  building  stones  for  houses,  and  for  the 
walls  of  enclosures.  This  substance  is  also  found  in  Cornwall, 
and  other  parts  of  England  It  constitutes  the  basis  of  the 
bones  of  all  animals.  The  phosphate  of  lime  which  is  sold  in  the 
shops  is  obtained  from  these  by  calcination.  This  mixed  with 
wood-ashes  is  used  ir.  the  manufacture  of  a  kind  of  fiat  cups 
called  eupels,  which  are  employed  by  artists  for  refining  gold 
and  silver  in;  and  from  it  phosphoric  acid  and  the  luminous 
substance  called  phosphorus  are  obtained.  Phosphate  of  lime  is 
said  to  be  a  very  efficacious  medicine  in  the  disease  called 
rickets,  to  which  young  children  are  liable. 

JANSENISTS,  a  sect  of  the  Roman  Catholics  in  France, 
who  follow  the  opinions  of  Jansenius,  bishop  of  Ypres,  nearly 
like  those  of  Calvin  in  relation  to  grace  and  predestination. 

JANUARY,  the  first  month  of  the  year,  according  to  the 
present  mode  of  reckoning,  consisting  of  thirty-one  days. 

The  Kahndar  of  Animated  Ts^ature  for  this  month,  in  Middle- 
sex, presents,  in  its  first  week,  shell-less  snails  and  earth 
worms.  In  the  second  week,  the  redbreast  whistles,  the  nut- 
hatch chatters,  the  mistletoe  thrush  sings,  and  wagtails  appear. 
Indeed,  these  pretty  wagtails  appear  on  a  fine  day  in  all  the 
months  of  winter.  In  the  third  week,  the  common  larks  con- 
gregate. In  the  fourth,  snails  and  slugs  abound  in  all  the 
sheltered  nooks  of  our  gardens  ;  the  hedge  sparrow  whistles, 
the  large  t 
windows. 

The  Kalendar  of  Veijetable  Nature  around  London,  presents 
in  the  first  week  of  January  some  plants  accidentally  in  Hower, 
as  the  laurustinus,  continued  from  December.  In  the  second 
week,  winter  aconite,  Christmas  rose  in  fiowcr,  and  hazel  cat- 
kins, begin  to  appear;  so  do  also  the  common  honeysuckle 
huds.  In  the  third  week,  we  see  primroses  flowering  in  shel- 
tered places  ;  and  the  humble  daisy  and  chickweed  begin  to 
flower.  In  the  fourth  week,  mezereon  begins  to  flower,  and 
sometimes  spurry,  pansy,  white  scented  violet,  archangel,  and 
colfs-foot  shew  their  blossoms. 

Kitchen  Garden.  0(  calinary  vegetahles,  sow  early  frame  and 
Charlton  pease  about  the  beginning,  and  dwarf  marrowfats 
towards  the  end  of  the  month.  Early  mazagan  and  long- pod 
beans  in  the  first  week  and  the  last ;  hardy  green  Egyptian,  and 
brown  Dutch  lettuces;  early  dwarf  short  top  radishes. — Pro- 
tect, by  temporary  coverings,  newly-sown  seeds;  transplant 
strong  plants  ;  dig  and  trench  vacant  ground  in  dry  weather ; 
prepare  composts,  and  destroy  insects. 

Hardy  Fruit  Department.  Plant  fruit  trees  ;  protect  newly 
planted  trees  ;  prune  apples,  pears,  plums,  cherries,  goose- 
berries, currants,  and  raspberries. — Dig  and  stir  the  earth 
round  trees  that  have  been  pruned;  trench  ground  for  trees ; 
slake  newly  planted  trees  ;  clean  trees  from  moss  and  mistletoe. 
Destroy  insects  by  washes.  Look  over  the  fruit  in  your  store- 
room, and  pick  out  all  that  are  decayed. 

Culinary  Hot-house  Department.  Glass-case  without  heat; 
sow  radishes,  lettuce,  carrots,  small  salads,  and  pease  and 
beans  for  transplanting. 

Hut-beds  and  J'lls.  Prepare  for  making  up  hot-beds  for 
early  cucumbers  and  melons.  Sow  early  radishes  and  small 
salad.  .Sow  carrots  m\  a  slight  hot-bed,  to  produce  a  crop  for 
May.  Kidney  beans,  pease,  and  potatoes,  may  also  be  sown, 
planted  on  slight  hot-beds. — Give  air  and  water  sparingly  to 
pines.  Give  air  and  water  to  forcing  houses,  and  increase  the 
stimuli  according  to  the  advancement  of  your  crops. 

Flower  Garden.     Here   we   have   the   hot-house   and   open 
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ground  departments.  In  the  latter,  plant  dried  roofs  of  border 
flowers,  transplant  daisies  as  ed};ings,  and  protect  choice 
plants  by  matting,  &c.  In  the  hot-house  department,  attend 
to  alpines,  which  should  have  air  daily  if  the  weather  is  not 
very  severe.  In  hot-beds  and  pits,  force  roses,  shrubs,  and 
hardy  flowers.  The  mean  temperature  of  the  green-house 
should  be  40°  maximum,  at  fire  heat  44°.  The  mean  tempe- 
rature of  the  dry  stove  should  be  45°  with  fire  heat.  Water 
sparingcly,  but  give  air  daily. 

In  the  Pleasure  Ground  and  Shruhbery,  plant  most  sorts  of 
deciduous  trees  in  line  weather,  and  deciduous  hedges.  Prune 
deciduous  and  naturalized  shrubs  and  hedges.  Continue  to 
dig  in  the  interior  of  masses  and  groups  ;  and  dress  and 
gravel.     Form   and   repair  lawns   and   turf   verges    in    mild 

eather. 

Trees  in  the  Nursery  Department.  Lay  out  ground,  dig  and 
trench,  lift,  prune,  gather,  protect  trees,  and  destroy  vermin. 

Trees  in  permanent  Plantations  and  Park  Scenery.  Prepare 
ground  for  groves,  and  screen  plantations ;  plant  in  dry  wea- 
ther deciduous  trees,  pines,  and  larches  ;  prune  deciduous 
trees  ;  cut  hedge-rows ;  enclose  and  fence  ground  designed  to 
be  planted ;  fell  timber  trees,  where  the  bark  is  no  object;  and 
thin  crowded  plantations. 

JAPANNING  is  the  art  of  varnishing  and  painting  ornaments 
on  wood,  as  is  done  by  the  natives  of  the  island  of  Japan.  All 
substances  that  are  dry  and  rigid,  or  not  too  flexible  ;  as  woods, 
metals,  leather,  and  paper  prepared  ;  admit  of  being  japanned. 
Wood  and  metals  require  no  other  preparation  than  to  have 
their  surfaces  perfectly  even  and  clean  ;  but  leather  should  be 
securely  stretched,  either  on  frames  or  on  boards  ;  as  its  bind- 
ing would  crack,  and  force  off  the  varnish.  Paper  should  be 
treated  in  the  same  manner,  and  have  a  previous  strong  coat 
of  size;  but  it  is  rarely  japanned,  till  converted  into  papier 
machii,  or  wrought  into  such  form,  that  its  flexibility  is  lost. 

Of  Japan  Grounds.  When  a  priming  is  used,  the  work  must 
be  smoothed  with  fish-skin  or  glass-paper,  and  being  thoroughly 
clean,  is  brushed  over  once  or  twice  with  hot  size,  diluted  with 
two-thirds  water,  if  it  is  of  the  common  strength.  The  priming 
is  laid  on  as  evenly  as  possible.  It  is  a  size,  of  a  consistency 
netwcen  the  common  kind  and  glue,  mixed  with  as  much  whit- 
ing as  will  give  it  a  sufficient  body  of  colour  to  hide  the  surface 
it  is  laid  upon.  This  is  repeated  till  the  inequalities  are  filled 
op,  then  the  work  is  cleaned  off  w  ith  Dutch  rushes,  and  polished 
with  a  wet  rag.  When  wood  or  leather  is  japanned,  and  no 
priming  used,  the  best  preparation  is  to  lay  on  two  or  three 
coats  of  coarse  varnish,  composed  in  the  following  manner : 
Take  one  pint  of  rectified  spirits  of  wine,  and  of  coarse  seed- 
lac  and  resin,  each  two  ounces  ;  dissolve  the  seed-lac  and  resin 
in  the  spirit,  and  then  strain  ofl'  the  varnish.  This  varnish,  like 
all  others  formed  of  spirit  of  wine,  must  be  laid  on  in  a  warm 
place  ;  and  if  it  can  be  convcuiendy  mannaged,  tlic  piece  of 
work  to  be  varnished  should  also  be  made  warm  ;  for  the  same 
reason,  all  dampness  should  be  avoided  ;  as  cold  or  moisture 
chills  this  varnish,  and  prevents  its  taking  hold  of  the  substance 
on  which  it  is  laid.  When  the  work  is  so  prepared,  or  by  the 
priming  with  the  composition  of  size  and  whiting  above  described, 
the  proper  japan  ground  must  be  laid  on.  This  is  best  formed  of 
shell-lac  varnish,  and  the  colour  desired,  except  white,  which 
requires  a  peculiar  treatment;  and  if  brightness  be  wanted, 
other  means  must  be  pursued.  The  colours  used  with  the 
shell-lac  varnish  may  be  any  pigmcnfs,  which  give  the  tint  of 
the  ground  desired.  As  metals  never  require  to  be  under- 
coated  with  whiting,  they  are  treated  in  the  same  manner  as 
wood  or  leather. 

White  Japan  Grounds,  are  made  by  the  following  compo- 
sition: Take  flake-white,  or  white  lead,  washed  over  and 
ground  up  with  one-sixth  of  its  weight  of  starch  and  then 
dried  ;  temper  it  properly  for  spreading  with  mastich  varnish  ; 
and  lay  these  on  the  substance  to  be  japanned,  prepared  either 
with  or  without  the  under  coat  of  whiting,  as  ordered  above; 
and  then  varnish  it  over  with  five  or  six  coats  of  the  following 
\arnish. 

From  a  quantity  of  the  best  seed-lac,  pick  out  the  clearest 
and  whitest  grains,  reserving  the  fouler  parts  for  coarse  var- 
nishes, or  for  priming  or  preparing  wood  or  leather.  Of  this 
picked  lac  take  two  ounces,  and  ol^  gum  animi  three  ounces ; 


reduce  them  to  a  gross  powder,  and  dissolve  them,  in  about  a 
quart  of  spirits  of  wine,  and  strain  ofl' the  clear  varnish.  Tho 
seed-lac  will  give  a  slight  tinge  to  this  composition  ;  but  it  -,  an- 
not  be  avoided,  when  hard  varnish  is  wanted  ;  IhougL,  when  a 
softer  will  answer  the  end,  the  proportion  may  be  diminished, 
and  a  little  crude  turpentine  added  to  the  guoi  animi  to  take 
off  the  brittleness. 

A  very  good  varnish,  entirely  free  from  brittleness,  may  be 
formed  by  dissolving  as  much  gum  animi  as  the  oil  will  take, 
in  old  nut  or  poppy  oil.  This  must  be  boiled  gently  when  the 
gum  is  put  into  it.  The  ground  of  white  colour  itself  is  laid 
on  in  this  varnish,  and  then  a  coat  or  two  of  it  put  over  the 
ground  ;  but  when  used,  it  must  be  well  diluted  with  oil  of  tur- 
pentine. This,  though  free  from  brittleness,  is  liable  to  sulfur 
by  being  indented  or  bruised  by  any  slight  strokes;  and  it  will 
not  bear  any  polish,  but  may  be  brought  to  a  smooth  surface 
without,  if  judiciously  managed  in  the  laying  it  on.  It  is 
tedious  drying  and  requires  time  where  several  coats  are  laid 
on  ;  as  the  last  should  be  without  oil  of  turpentine. 

Blue  Japan  Grounds  are  formed  of  bright  Prussian-blue  ;  or 
of  verditcr,  glazed  over  by  Prussian-blue,  or  smalt.  The 
colour  is  best  mixed  with  shcll-lac  varnish,  and  brought  to  a 
polishing  state  by  five  coats  of  varnish  of  seed-lac  ;  but  the 
varnish  will  somewhat  injure  the  colour,  by  giving  a  cast  of 
green  to  a  true  blue,  and  fouling  a  warm  blue  by  the  yellow  it 
contains  ;  where  a  bright  bine  is  required,  and  a  less  degree  of 
hardness  can  be  dispensed  with,  we  pursue  the  method 
directed  in  the  case  of  white  grounds. 

lied  Japan  Grounds.  For  a  scarlet,  vermilion  is  used;  but 
it  has  a  glaring  efl'ect,  much  less  beautiful  than  the  crimson 
produced  by  glazing  it  over  with  carmine,  fine  lake,  or  rose 
pink.  For  a  bright  crimson,  instead  of  glazing  with  carmine, 
use  Indian  lake,  dissolved  in  the  spilet  of  which  the  varnish  is 
compounded  ;  in  this  case,  instead  of  glazing  with  the  shell- 
lac  varnish,  the  polishing  coats  are  only  used,  as  they  e(|ually 
receive  and  convey  the  tinge  of  the  Indian  lake,  which  may  be 
dissolved  by  spirits  of  wine;  but  if  the  highest  degree  of  white- 
ness is  required,  use  the  white  varnish. 

For  Yellow  Japan  Grounds,  employ  King's  yellow,  or  lurpeth 
mineral,  either  alone  or  mixed  with  fine  l)utch-pink.  The 
effect  may  be  heightened,  by  dissolving  turmeric  root  in  the 
spirits  of  wine,  of  which  tlie  upper  or  polishing  coat  is  made. 
The  spirits  of  wine  must  be  strained  from  off  tlie  dregs  before 
the  sced-lac  be  added  to  it,  to  form  the  varnish.  The  seed-lac 
varnish  is  not  equally  injurious  here,  and  with  greens;  be- 
cause, tinged  witli  a  reddish  yellow  only,  it  is  little  more  an 
addition  to  the  depth  of  colour.  Yellow  grounds  may  be  found 
of  Dutch-pink  only,  which,  when  good,  is  not  deficient  in 
brightness,  though  extremely  cheap. 

Green  Japan  Grounds,  are  prepared  by  mixing  King's  yellow 
and  Prussian-blue,  or  turpeth  mineral  and  Prussian-blue;  and 
a  cheap  but  fouler  kind,  by  verdigris,  with  a  little  of  the  above- 
mentioned  yellows,  or  i)utch-pink.  Where  a  bright  green  is 
wanted,  the  crystal  of  verdigris,  (distilled  verdigris,)  are  em- 
ployed ;  to  heighten  the  cfl'-ct,  they  arc  laid  on  a  ground  of 
leaf-gold,  when  the  colour  is  extremely  brilliant  an<l  pleasing. 

Orange  Japan  Grounds,  are  formed  by  mixing  vermilion,  or 
red  lead,  with  King's  yellow,  or  Dutch-pink,  or  the  orange 
lake,  which  will  make  the  brightest  orange  ground  that  can  be 
produced. 

Purple  Japan  Grounds,  are  produced  by  the  mixture  of  lake 
and  Prussian-blue;  of  a  darker  hue,  by  vermilion  and  Prus- 
sian-blue. \Nith  respect  to  the  varnish,  they  are  treated  as  the 
others. 

lihuk  Japan  Grounds,  (formed  without  heat,)  may  be  formed 
by  ivory  black,  or  by  lamp-black  ;  the  former  is  preferable 
when  good.  These  are  laid  on  with  shcll-lac  varnish ;  and 
have  their  upper  or  polishing  coats  of  common  seed-lac  var- 
nish, the  tinge  of  the  varnish  being  no  injury  here. 

Common  Black  Japan  Grounds  on  Iron  or  Copper,  (formed  by 
heat.)  The  work  to  be  japanned  is  painted  over  with  drying 
oil  and  lamp-black;  when  of  a  moderate  dryness,  it  must  be 
exposed  to  such  a  heat  as  will  rhanfte  the  oil  to  black,  with- 
out weakening  its  tenacity.  The  stove  should  not  be  too  Imt 
when  the  work  is  put  inio  it,  nor  the  heat  increased  too  fast, 
else  it  will  bli.'^ter;  the  slower  the  heat  is  augmented,  and  the 
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longer  it  is  continued,  provided  it  be  restrained  within  tlie  due 
degrees,  the  harder  will  be  the  japan.  This  kind  of  varnish 
requires  no  polish,  as  that  which  it  receives  from  the  heat  when 
properly  managed  is  sufficient. 

Tvitoise-sltell  Japan  Ground,  produced  by  heat,  is  valuable 
or  its  great  hardness,  and  its  beautiful  appearance.     Besides, 

endures  to  be  made  hotter  than  boiling  water  without  dani- 
^c.  It  is  made  by  means  of  a  varnish  prepared  thus: — Take 
one  gallon  of  good  linseed  oil,  and  of  umber  half  a  pound  ;  boil 
them  together  till  the  oil  becomes  brown  and  thick;  strain  it 
through  a  coarse  cloth,  and  boil  it  again  till  it  acquire  a  pitchy 
consistence,  when  it  will  be  fit  for  use. 

Having  prepared  'he  varnish,  clean  well  the  iron  or  copper 
plate,  or  other  pieces  which  are  to  be  japanned,  then  lay  ver- 
milion tempered  with  shell-lac  varnish,  or  with  drying  oil 
diluted  with  oil  of  turpentine,  very  thinly,  on  the  plates  in- 
tended to  imitate  the  more  transparent  parts  of  the  tortoise- 
shell.  When  the  vermilion  is  dry,  brush  the  whole  over  with 
the  black  varnish,  to  a  true  consistence  with  oil  of  turpentine; 
and  when  it  is  set  and  firm,  put  the  work  into  a  stove,  where  it 
may  undergo  a  very  strong  heat,  for  three  weeks  or  a  month, 
the  longer  the  better. 

This  ground  may  be  decorated  with  painting  and  gilding  as 
other  varnished  surfaces.  This  is  done  after  the  ground  has 
been  hardened  by  the  stove  ;  but  it  should  receive  a  second 
annealing  with  a  more  gentle  heat,  after  it  is  finished. 

The  methud  of  Painting  Japan-work.  Japan  work  should  be 
painted  with  colours  in  varnish;  though  for  despatch,  and  in 
nice  work  where  the  freer  use  of  the  pencil  is  required,  the 
colours  are  tempered  in  oil.  But  the  oil  should  previously 
have  a  fourth  part  of  its  weight  of  gum  animi ;  or,  gum  sand- 
arach,  or  gum  mastich  dissolved  in  it.  When  the  oil  is  thus 
used,  it  is  diluted  with  oil  of  turpentine,  for  the  colours  to  lie 
evenly  and  thin.  By  this  means,  fewer  of  the  polishing  or 
upper  coats  of  varnish  become  necessary. 

Water  colours  are  in  some  instances  laid  on  grounds  of 
gold.  These  are  best,  when  so  used  in  their  proper  appear- 
ance, without  any  varnish  over  them  ;  and  they  are  also  some- 
times managed  to  have  the  effect  of  embossed  work.  The 
colours  thus  employed  for  painting,  are  prepared  with  isin- 
glass size,  corrected  by  honey  or  sugar-candy.  The  body  of 
the  embossed  work  which  is  raised,  is  not  tinged  with  the 
exterior  colour,  but  formed  of  strong  gum  water,  thickened  to 
a  proper  consistence  by  equal  parts  of  bole  Armenian  and 
whiting.  This  gum  is  laid  on  the  proper  figure,  and  repaired 
when  dry,  and  the  whole  may  be  then  painted  with  the  proper 
colours,  tempered  with  the  isinglass  size,  or  shell-lac  varnish. 

The  manner  of  Varnishing  Japan-work.  The  finishing  of 
japan-work  consists  in  the  laying  on  and  polishing  the  outer 
eoats  of  varnish,  as  well  in  the  pieces  that  have  only  one  sim- 
ple ground  of  colour,  as  those  that  are  painted.  This  is  done 
with  common  seed-lac  varnish,  except  where  other  methods 
are  more  expedient.  The  same  reasons  which  decide  as  to  the 
fitness  of  the  varnishes,  with  respect  to  the  colours  of  the 
ground,  hold  equally  with  regard  to  those  of  the  painting. 
Where  brightness  is  the  most  material  point,  and  a  tinge  of 
yellow  will  injure  it,  seed-lac  gives  way  to  the  whiter  gums  ; 
but  where  hardness,  and  a  greater  tenacity,  are  essential,  the 
seed-lac  must  be  adhered  to;  where  both  are  so  necessary,  that 
reciprocally  one  should  give  nay  to  the  other,  it  is  usual  to 
adopt  a  mixed  varnish.  This  mixed  varnish  is  made  of  the 
picked  seed-lac.  The  common  seed-lac  varnish,  the  most  use- 
ful preparation  of  the  kind,  may  be  thus  made.  Take  three 
ounces  of  seed-lac,  put  it  into  water,  to  free  it  from  the  sticks 
and  filth  intermixed  with  it.  To  do  this,  stir  it  about,  and  then 
pour  off  the  water,  adding  fresh  quantities,  till  it  be  freed  from 
all  impurities.  Then  dry  it,  powdrr  it  grossly,  and  put  it,  with 
a  pint  of  rectified  spirit  of  wine,  into  a  bottle,  of  which  it  will 
not  fill  above  two-thirds.  Shake  the  mixture,  place  the  bottle 
in  a  gentle  heat,  till  the  seed-lac  is  dissolved  ;  repeat  the  shak- 
ing, pour  off  all  that  is  clear,  strain  the  remainder,  and  put  it 
in  a  close  bottle. 

In  using  seed-lac  white  varnish,  the  substance  used  in 
polishing  should  be  itself  white  ;  but  in  other  cases,  the  com- 
mon sorts  of  polishing  dust  may  be  used.  The  work  to  be 
Tarnished  is  placed  near  a  fire,  or  stove,  made  perfectly  dri  : 


the  varnish  is  then  rubbed  over  with  the  brushes  made  for  that 
purpose,  beginning  in  the  middle,  and  passing  the  brush  over 
to  one  end,  and  then  with  another  stroke  passing  it  from  the 
middle  to  the  other  end.  No  part  should  be  twice  passed  over 
in  forming  one  coat.  When  one  coat  is  dry,  proceed  with  a 
second,  and  so  on  six  or  seven  times,  till  the  varnish  is  suffi- 
ciently thick  to  bear  the  polish.  In  common  cases,  you  may 
polish  with  a  rag  dipped  in  tripoli  or  rottenstone  finely  pow- 
dered ;  but  before  finishing,  add  a  little  oil  with  the  powder: 
when  the  work  is  very  bright,  rub  with  oil  alone,  to  clean  all  the 
powder  off.  It  is  an  improvement  in  japan-work  to  harden  the 
varnish  by  heat ;  and  where  metal  forms  the  body,  a  hot  stove 
is  used. 

JARGON,  a  precious  stone  found  in  Ceylon.     See  Zircon. 

JASPER,  in  Mineralogy,  a  species  of  the  clay  genus,  divid- 
ed into  six  sub-species.  The  Egyptian  jasper  exhibits  two 
or  more  colours  in  concentric  zones  or  bands,  more  or  less 
regular,  with  interspersed  spots  or  dendritic  figures.  It  is 
brittle,  and  occurs  in  rolled  pieces,  which  are  mostly  spherical. 
Before  the  blow-pipe  it  is  infusible  without  addition,  and  on 
account  of  its  beautiful  colour  and  great  hardness,  it  is  used  for 
similar  purposes  as  the  agate.  The  colours  of  the  striped  jasper 
are  gray,  green,  yellow,  and  red  ;  these  are  often  found  toge- 
ther, and  arranged  in  striped  and  flamed  delineations.  It  oc- 
curs in  large  beds  in  Saxony,  and  also  in  Siberia,  where  it  is 
of  a  very  beautiful  kind.  It  admits  of  a  high  polish,  and  is 
used  for  purposes  of  ornament  chiefly.  The  porcelain  jasper 
generally  exhibits  but  a  single  colour.  Melted  before  the 
blow-pipe  it  is  found  to  consist  of  silica,  60'75  ;  alumina,  27'25; 
magnesia,  3'00  ;  oxide  of  iron,  250 ;  potash,  366 ;  loss,  2-84. 
The  common  jasper  is  found  in  veins  in  primitive  rocks-  It  is 
susceptible  of  a  high  polish.  Opal  jasper  is  found  in  nests  in 
porphyry,  near  Tokay  in  Hungary,  in  the  neighbourhood  of 
Constantinople,  and  in  some  Siberian  mountains.  It  is  sup- 
posed to  be  the  connecting  link  between  jasper  and  opal,  and 
is  distinguishable  by  the  liveliness  of  its  colours,  its  superior 
lustre,  and  constant  conchoidal  fracture. 

JATROPHA,  in  Botany,  a  genus  of  the  monoecia  monadel- 
phia  class  and  order.  Natural  order  of  tricoccae.  Euphorbiae, 
Jussieu.  There  are  nine  species,  of  which  the  most  remarkable 
are:  1.  The  corcas,  or  English  physic  nut.  2.  The  gossypifolia, 
cotton-leaved  jatropha.  3.  The  multifida,  or  French  physic  nut. 
4.  The  raanihot,  or  bitter  cassada,  has  palmated  leaves  ;  the 
lobes  lanceolate,  very  entire,  and  polished.  5.  The  janipha, 
or  sweet  cassada,  has  palmated  leaves,  with  lobes  very  entire; 
the  intermediate  leaves  lobed  with  a  sinus  on  both  sides.  6. 
The  elastica,  or  hevan  guianensis,  with  ternate  leaves  elliptic, 
very  entire,  hoary  underneath,  and  longly  petiolated.  See 
Caoutchouc.  The  root  of  bitter  cassada  has  no  fibrous  or 
w  oody  filaments  in  the  heart,  and  neither  bolls  nor  roasts  soft. 
The  sweet  cassada  has  all  the  opposite  qualities.  The  bitter, 
however,  may  be  deprived  of  its  noxious  qualities  (which  reside 
in  the  juice)  by  heat.  Cassada  bread,  therefore,  is  made  of 
both,  thus  :  the  roots  are  washed  and  scraped  clean,  then  gra- 
ted into  a  tub:  after  this,  they  are  put  into  a  hair  bag,  and 
strongly  pressed,  to  squeeze  out  the  juice,  and  the  meal  is  dried 
in  a  hot  stone  bason  over  the  fire.  Cassada  roots  yield  a  great 
quantity  of  starch,  which  the  Brazilians  export  in  little  lumps 
under  the  name  of  tapioca. 

JAUNDICE,  a  disease  created  by  a  suffusion  of  bile,  and 
determination  thereof  to  the  surface  of  the  body,  which  is 
thence  tinged  yellow. 

JAW,  LocKiD,  a  spasmodic  contraction  of  the  lower  jaw, 
occasioned  generally  by  some  external  injury  affecting  the 
tendons  or  ligaments. 

JAY.  a  beautiful  bird  of  the  genus  Corvus. 

JEERS,  or  Jears,  an  assemblage  of  tackles,  by  which  t4ie 
lower  yards  are  hoisted  up  along  the  mast,  or  lowered  down,  as 
occasion  re(|uires ;  the  former  of  which  operations  is  called 
Swaying,  and  the  latter  Striking.  In  a  ship  of  war,  the  jeers  are 
usually  composed  of  two  strong  tackles,  each  of  which  has  two 
blocks,  viz.  one  fastened  to  the  lower  mast-head,  and  the  other 
to  the  middle  of  the  yard.  The  two  blocks  which  are  lashed  to 
the  middle  slings  of  the  yard,  are  retained  in  this  situation  by 
means  of  two  cleats,  nailed  on  each  side,  whose  arms  enclose 
the  ropes  by  which  the  blocks  are  fastened  to  the  jard.     The 
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two  ropes  which  communicate  willi  these  tackles  lead  down  to 
the  deck  on  the  opposite  side  of  the  mast,  according  to  the 
situation  of  the  upper  jeer-blocks.  In  merchant  ships  the 
jeers  have  usually  two  large  single  blocks  on  the  opposite  side 
of  the  mast-head,  and  another  of  the  same  size  in  the  middle 
of  the  yard.  The  rope  which  communicates  with  these,  passes 
through  one  of  the  blocks  hanging  on  the  mast-head,  then 
through  the  block  on  the  yard,  and  afterwards  through  the 
other  hanging  block  on  the  mast.  To  the  two  lower  ends  of 
this  rope,  on  the  opposite  sides  of  the  mast,  are  fixed  two 
tackles,  each  of  which  is  formed  of  two  double  blocks,  the 
lower  one  being  hooked  to  a  ring-bolt  in  the  deck,  and  the 
upper  one  spliced  or  seized  into  the  lower  end  of  the  great 
rope,  above  which  is  called  the  tye.  Uy  this  contrivance  the 
mechanical  power  of  the  tackle  below  is  transmitted  to  the  tye, 
which  communicating  with  blocks  on  the  yard,  readily  sways 
up,  or  lowers  it,  either  by  the  elfort  of  both  jeers  at  once  on 
the  opposite  sides  of  the  mast,  or  by  each  of  them  separately, 
one  after  the  other.  They  say  a  man  is  brought  to  the  jeers, 
when  going  to  be  punished  at  the  jeer-capstan.  This  is  done 
in  the  following  manner :  a  capstan-bar  being  thrust  through 
the  hole  of  the  barrel,  the  od'ender's  arms  are  extended  at  full 
length  cross-wise,  and  so  tied  to  the  bar,  having  sometimes  a 
basket  of  bullets,  or  some  other  like  weight,  hanging  by  his 
neck.  In  this  posture  he  continues  till  he  be  either  brought  to 
confess  some  plot  or  crime  whereof  he  is  suspected,  or  that  he 
has  sullered  what  he  is  sentenced  to  undergo  at  the  discretion 
of  the  captain. 

JELLY,  a  food,  medicine,  or  sweetmeat,  prepared  from  the 
juice  of  unripe  fruits,  boiled  to  a  proper  consistency  with  sugar  ; 
or  the  strong  decoctions  of  the  horns,  bones,  or  extremities  of 
animals  boiled  to  such  a  lieight  as  to  be  still'  and  firm  when 
cold,  without  the  addition  of  any  sugar.  The  jellies  of  fruits 
are  cooling,  saponaceous,  and  acescent,  and  therefore  are 
good  as  medicines  in  all  disorders  of  the  prima;  vitf,  arising  from 
alkalescent  juices,  especially  when  not  given  alone,  but  diluted 
with  water.  On  the  contrary,  the  jellies  made  from  animal 
substances  are  all  alkalescent,  and  are  therefore  good  in  all 
cases  in  which  an  acidity  of  the  humours  prevails.  The  alka- 
lescent quality  of  these  is,  however,  in  a  great  measure  taken 
off,  by  adding  lemon  juice  and  sugar  lemon  to  them.  There 
were  formerly  a  sort  of  jellies  much  in  use,  called  compound 
jellies;  these  had  the  restorative  medicinal  drugs  added  to 
them,  but  they  are  now  scarcely  ever  heard  of. 

Jelly  Oat,  a  preparation  of  common  oats,  recommended  by 
many  of  the  German  physicians  in  all  hectic  disorders,  to  be 
taken  with  broth  of  snails  or  cray  fish.  It  is  made  by  boiling 
a  large  quantity  of  oats,  with  the  husk  taken  olf,  with  some 
hartshorn  shavings,  and  currants,  together  with  a  leg  of  veal 
cut  in  pieces,  and  with  the  bones  all  broken  ;  these  arc  to 
be  set  over  the  fire  with  a  large  quantity  of  water,  till  the 
whole  is  reduced  to  a  sort  of  jelly,  which,  when  strained  and 
cold,  is  firm  and  hard.  A  few  spoonfuls  of  this  are  to  be  taken 
every  morning,  diluted  with  a  liason  of  either  of  the  above- 
mentioned  broths,  or  any  other  warm  li(Hior. 

Jf.lly,  in  Chemistry.  If  we  press  out  the  juice  of  ripe  cur- 
rants, and  many  other  acid  fruits,  and  let  it  remain  in  a  state 
of  rest,  it  partly  coagulates  into  a  tremulous  soft  substance.  If 
we  wash  the  coagulum  with  a  small  quantify  of  water,  we  obtain 
jelly  approaching  to  a  state  of  purity,  and  nearly  colourless,  un- 
less tinged  by  the  peculiar  colouring  matter  of  the  fruit  ;  it  has 
a  pleasant  taste,  and  a  tremulous  consistency.  It  is  scarcely 
soluble  in  cold,  but  very  soluble  in  hot  water;  and  when  the 
.solution  cools,  it  again  coagulates.  When  long  boiled,  it  loses 
the  property  of  gelatinizing  by  cooling. 

JESUITS,  or  the  Society  of  Jesus,  in  Church  History,  a  ce- 
nrated  religious  order  in  the  Komish  Church,  founded  by  Igna- 
tius Loyola,  a  Spaniard.  To  the  three  ordinary  monastic  vows 
of  chastity,  poverty,  and  obedience,  they  added  a  fourth,  wliirh 
was,  to  go  wherever  the  pope  should  command.  The  order 
was  abolished  in  1773 :  but  was  lately  restored  by  Pope  Pius 
yil.  the  predecessor  of  the  present  pope,  and  re-established 
in  Italy,  Spain,  and  Switzerland. 

Jksuit's  linrk.     See  Cinchona. 

JET,  a  black  infiammable  substance  of  the  bituminous  kind, 
!iarder  than  asphaltum,  and  susceptible  of  a  good  polish.     It 
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becomes  electrical  by  rubbing,  attracting  light  bodies  like 
yellow  amber.  It  swims  on  water,  so  that , its  specific  gravity 
musl  be  less  thau  iwrj;  notwithstanding  which  it  ha.s  beeii 
frequently  confounded  with  the  lapis  obsidianus,  the  specific 
gravity  of  which,  according  to  Kirwan,  is  no  less  than  1744. 
It  also  resembles  cannel  coal  extremely  in  its  hardness,  receiv- 
ing a  polish,  not  soiling  the  fingers,  itc. ;  so  that  it  has  also 
been  confounded  with  tiiis.  The  distinction,  however,  is  easily 
made  betwixt  the  two  ;  for  cannel  coal  wants  the  electrical  pro- 
perties of  jet,  and  is  likewise  so  heavy  as  to  sink  in  water,  its 
specific  gravity  being  no  less  than  1273;  whereas  that  of  jet,  as 
has  already  been  said,  is  legs  than  1000. 

Mr.  Magellan  is  of  opinion,  that  the  jet  is  a  true  amber,  dif- 
fering from  the  yellow  kind  only  in  the  mere  circumstance  of 
colour,  and  being  lighter  on  account  of  the  great  quantity  of 
bituminous  matter  which  enters  into  its  composition.  \\'hen 
burning,  it  emits  a  bituminous  smell.  It  is  never  found  in 
strata  or  continued  masses  like  fossil  stones,  but  always  in 
separate  and  unconnected  heaps  like  the  true  amber.  Great 
quantities  of  it  have  iiecn  dug  in  the  Pyrenean  mountains  ; 
also  near  Batalka,  a  small  town  of  Portugal,  and  in  Galicia, 
in  Spain.  It  is  found  also  in  Ireland,  Sweden,  Prussia,  Ger- 
many, and  Italy.  It  is  used  in  making  small  boxes,  buttons, 
bracelets,  mourning  jewels,  &c.  Sometimes  also  it  is  employed, 
in  conjunction  with  projjcr  oils,  in  making  varnishes  ;  when 
mixed  with  lime  in  powder,  it  is  said  to  make  very  hard  and 
durable  cement. 

JET  d'Eau,  a  French  word  signifying  a  fountain  that  throws 
up  water  to  some  height  in  the  air. 

Jets  and  fountains,  though  in  some  situations  conducive  to 
picturesque  beauty,  are  of  little  utility  except  in  tropical  cli- 
mates. But  in  the  jet  or  formation  of  Hiero  of  Syracuse,  the 
head  of  water  is  lower  than  the  orifice,  yet  as  the  pressure  is  com- 
municated by  a  column  of  air,  this  jet  d'eau  may  be  considered 
of  great  utility  in  large  works  where  its  application  is  desired. 
This  figure  represents  the  machine,  in 
which  are  two  vessels,  K  L  M  N.  and  O  P- 
Q  R,  close  on  all  sides.  A  B  is  a  tube 
having  a  funnel  at  the  top,  and  it  passes 
through  the  higher  vessel  without  inter- 
fering with  the  fluid  therein  contained, 
being  fixed  or  soldered  air-tight  at  its 
top  and  bottom.  It  passes  likewise 
through  the  top  of  the  lower  vessel,  being 
soldered  air-tight  there  also,  and  it  reaches 
almost  to  the  bottom  of  this  vessel.     This 

\  /      tube  is  open  at  both  ends. 

4   r1^_V  ST  is  another  tube  similarly  fixed,  but 

in  an  inverted  order,  and  it  is  also  open 
at  top  and  bottom.  These  two  tubes 
support  the  upper  vessel. 

A.  third  tube  G  F,  is  soldered  into  tike 
top  of  the  other  vessel,  and  reaches  al 
most  to  its  bottom.  This  tube  is  open  at 
both  en<ls,  but  the  orifice  G  is  very  small 
Fill  the  upper  vessel  with  water  to  the 
height  E  N,  Ee  being  its  surface  a  little 
below  T  ;  stop  the  orifice  G  with  the  fin 
ger,  and  pour  in  water  at  A  :  it  will  pass 
down  B,  and  compress  the  air  again  info 
less  room  in  O  Q  R  P.  \\'henever  the 
water  in  the  lower  vessel  rises  to  C  r,  the 
air  which  formerly  occupied  the  whole  of  the  spaces  O  PQ  R 
and  E  f  L  K,  will  now  be  contained  in  the  spaces  o  P  c  C  and 
K  L  e  E  ;  and  its  elasticity  will  be  in  equilibrio  with  the  weight 
of  the  column  of  water,  whose  base  is  the  surface  Ef.and  whose 
height  is  Ac:  hence  if  your  finger  be  now  removed  from  the 
orifice  G,  the  tluid  will  spout  up  through  that  tube  as  high  as  it  is 
long,  or  equal  to  the  altitude  e  H  ;  and  while  there  is  any  water 
in  the  vessel  K  L  M  N,  there  will  be  a  discharge  through  the 
orifice. 

The  height  of  the  water  measured  from  the  basin  V  A  W  to 
the  surface  of  the  water  in  the  lower  vessel,  is  always  equal  to 
the  height  measured  from  the  top  of  the  jet  to  the  surface  of  the 
water  in  the  vessel  K  L  M  N ;  and  as  the  surface  E  e  is  constantly 
iailing,  and  the  water  in  the  under  vessel  always  rising,  the 
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heijjlit  nftliejet  is  perpetually  decreasing,  until  it  is  shorter 
by  the  depth  of  K  L  M  N,  which  is  empty,  added  to  the  depth 
of  O  PQ  R,  which  is  continually  falling  ;  and  so  soon  as  the 
>et  has  fallen  thus  low,  it  ceases  to  play. 

JETSAM,  any  thing  tlirown  out  of  a  ship  being  in  danger  of 
wreck,  and  by  tlie  waves  driven  to  the  shore. 

JETTE,  tlie  border  made  round  the  stelts  under  a  pier,  in 
certain  old  bridges,  being  the  same  «ith  starling,  consisting  of 
a  strong  framing  of  timber  filled  witli  stones,  chalk,  &c.  to 
preserve  the  foundations  of  the  piers  from  injury. 

JETTY  Head,  a  name  usually  given  in  the  royal  dockyards 
to  that  part  of  a  wharf  which  projects  beyond  the  rest;  but 
more  particularly  the  front  of  a  wharf,  whose  side  forms  one  of 
the  cheeks  of  a  dry  or  wet  dock. 

JEWEL,  any  precious  stone,  or  ornament  beset  with  them. 
See  Diamond,  Ruby,  &c. 

Jewels  made  a  part  of  the  ornaments  with  which  the  Jews, 
Greeks,  and  Romans,  especially  their  ladies  of  distinction, 
adorned  themselves.  So  prodigious  was  the  extravagance  of 
the  Roman  ladies  in  particular,  that  Pliny  the  elder  says,  he 
saw  Lullio  Paulina  with  an  equipage  of  this  kind,  amounting, 
according  to  Dr.  Arbuthnot's  calculation,  to  £32-2,916.  1.'3*.  4(1. 
of  our  money.  It  is  worthy  of  observation,  that  precious  stones 
among  the  Romans  and  all  the  ancients  were  much  scarcer, 
and  consequently  in  higher  esteem,  than  they  are  amongst  us, 
since  a  commerce  has  been  opened  with  the  Indies.  The 
ancients  did  not  know  how  to  cut  and  polish  them  to  much 
perfection;  but  coloured  stones  were  not  scarce,  and  they  cut 
them  very  well  either  hollow  or  in  relief.  When  luxury  had 
gained  ground  amongst  them,  the  Romans  hung  pendants  and 
pearls  in  their  ears ;  and  for  this  purpose,  the  ears  of  both 
sexes  were  frequently  bored.     See  Ears. 

JEWEL-BLOCKS,  in  Shipping,  two  small  blocks,  which  are 
suspended  at  the  extremity  of  the  main  and  fore  top-sail-yards, 
by  means  of  an  eye-bolt  driven  from  without  into  the  middle  of 
the  yard-arm  parallel  to  its  axis.  The  use  of  these  blocks  is 
to  retain  the  upper  part  of  the  top-mast  studding-sails  beyond 
the  sheets  of  the  top-sails,  so  that  each  of  these  sails  may  have 
its  full  force  of  action,  which  would  be  diminished  by  the 
encroachment  of  the  other  over  its  surface.  The  halliards,  by 
which  those  studding-sails  are  hoisted,  are  passed  through  the 
jewel-block,  whence,  communicating  with  a  block  on  the  top- 
mast-head, they  lead  downwards  to  the  top  or  decks,  where 
they  may  be  conveniently  hoisted. 

JEWS,  in  Church  History,  the  descendants  of  Judah  the  son 
of  Jacob,  and  of  the  Israelites,  commonly  denominated  the 
Twelve  Tribes  of  Israel.  This  name  was  first  given  to  those 
Jews  who  returned  from  the  captivity  of  Babylon,  because  die 
tribe  of  Judah  made  the  most  conspicuous  figure  amoni:  them. 
The  following  is  a  summary  of  their  religous  creed  :  1.  TiiatGod 
is  the  creator  and  active  supporter  of  all  things.  2.  That  God 
is  one,  and  eternally  unchangeable.  3.  That  God  is  incorpo- 
real, and  cannot  have  any  material  properties.  4.  That  God 
shall  eternally  subsist.  3.  That  God  is  alone  to  be  worshipped. 
6.  That  whatever  has  been  taught  by  the  prophets  is  true.  7. 
That  Moses  is  the  head  and  father  of  all  contemporary  doctors, 
and  of  all  those  who  lived  before,  or  shall  live  after  him.  8. 
That  the  law  was  given  by  Moses.  9.  That  the  law  shall  always 
exist,  and  never  be  altered.  10.  That  God  knows  all  the 
thoughts  and  actions  of  men.  11.  That  God  will  reward  the  ob- 
servance, and  punish  the  breach, of  his  law.  12.  That  the  Messiah 
is  to  come,  though  he  tarry  a  long  time.  13.  That  there  shall 
be  a  resurrection  of  the  dead  when  God  shall  think  fit.  In 
England,  in  former  times,  the  Jews  and  all  their  goods  belonged 
to  the  chief  lord  where  they  lived.  By  stat.  Edward  I.  the  Jews, 
to  the  number  of  15,000,  were  banished  out  of  England  ;  and 
never  returned  till  Oliver  Cromwell  re-admitted  them.  When- 
ever any  Jew  shall  present  himself  to  take  the  oath  of  abjuration 
in  pursuance  of  the  10  George  III.  c.  10,  the  words,  upon  the 
true  faith  of  a  Christian,  shall  be  omitted.  If  Jewish  parents 
refuse  to  allow  their  Protestant  children  a  maintenance  suit- 
able to  their  fortune,  the  Lord  Chancellor,  upon  complaint,  may 
make  such  order  therein  as  he  may  think  proper. 

Jews'  Harp,  in  Music,  an  instrument  well  known  among  the 
lower  classes  in  this  country,  almost  the  only  musical  instru- 
ment made  use  of  by  tlie  inhabitants  of  the  island  of  St.  Kilda. 


JIB,  the  foremost  sail  of  a  ship,  being  a  large  stay-sail 
extended  from  the  outer  end  of  the  bow-sprit,  prolonged  by 
the  jib-boom  towards  the  fore-top-raasthead.  In  cutters  and 
sloops  the  jib  is  on  the  bowsprit,  and  extends  towards  the 
lower  mast-head.  The  jib  is  a  sail  of  great  command  with  any 
side  wind,  but  especially  when  the  ship  is  close-hauled,  or  has 
the  wind  upon  her  beam  ;  and  its  effort  in  casting  the  ship,  or 
turning  her  head  to  leeward,  is  very  powerful  and  of  great 
utility,  particularly  when  the  ship  is  working  through  a  narrow 
channel.— i^///?n(;  Jib,  a  sail  sometimes  set  npon  a  boom,  rigged 
out  beyond  the  jib-boom. — Middle  Jib,  a  similar  sail,  some- 
times set  between  the  two  preceding,  being  extended  from  the 
end  of  the  jib-boom,  while  the  inner  jib-tack  is  near  halfway 
down  or  on  the  boom. 

Jiu-BooM,  is  a  continuation  of  the  bowsprit  forward,  being 
run  out  from  the  extremity  in  a  similar  manner  to  a  top-mast 
on  a  lower-mast,  and  serving  to  extend  the  bottom  of  the  jibs 
and  the  stay  of  the  fore-topgallant-mast.  It  is  usually  attached 
to  the  bowsprit  by  means  of  two  large  boom-irons,  or  by  one 
boom  iron  and  a  cap  on  the  outer  end  of  the  bovrsprit,  or  by  a 
cap  without,  and  a  strong  lashing  within,  instead  of  a  boom- 
iron,  which  is  generally  the  method  of  securing  it  in  small 
merchant  ships:  when  it  can  be  drawn  in  upon  the  bowsprit 
as  occasion  requires,  which  is  frequently  practised  when  the 
ship  enters  a  harbour,  where  it  might  very  soon  be  broken  or 
carried  away,  by  the  vessels  which  are  moored  therein  or  pass- 
ing by  under  sail. — Fli/ing  Jib-Boom,  is  a  boom  extended  beyond 
the  preceding  by  means  of  two  boom-irons,  and  to  the  fore- 
most end  of  which  the  tack  of  the  llying-jib  is  hauled  out. 

JIGGER,  a  machine  consisting  of  a  piece  of  rope  about  five 
feet  long,  with  a  block  at  one  end,  and  a  sheave  at  the  other, 
used  to  hold  on  the  cable  when  it  is  heaved  into  the  ship  by 
the  revolution  of  the  windlass.  The  jigger  is  particularly  use- 
ful when  the  cable  is  either  slippery  with  mud  or  ooze,  or  when 
it  is  stiff  or  unwieldy  ;  in  bulb  of  which  cases  it  is  very  difljcult 
to  stretch  it  back  from  the  windlass  by  hand,  which  however  is 
done  with  facility  and  expedition  by  means  of  the  jigger,  in  the 
following  manner:  the  end  of  the  rope  to  which  the  sheave  is 
fastened  by  a  knot,  is  passed  round  the  cable  close  to  the 
windlass,  and  the  hind  part  of  the  rope  coming  over  the  sheave, 
is  stretched  aft  by  means  of  another  rope  passing  through  the 
jigger-block.  As  soon  as  the  last  rope  is  extended,  the  turn 
of  the  former  about  the  cable  is  firmly  retained  in  its  position 
by  the  compression  of  its  hind  part  under  the  sheave,  acting 
upon  what  may  be  called  the  neck  of  the  jigger. 

ricet  Jigger,  a  term  used  by  the  man  who  holds  on  the  jig- 
ger, when,  by  its  distance  from  ihe  windlass,  it  becomes  neces- 
sary to  fleet  or  replace  it  in  a  proper  state  of  action,  for  as  the 
cable  continues  to  be  heaved  into  the  ship,  it  is  evident  that 
the  jigger,  which  is  fastened  on  a  particular  part  thereof, 
strelcliiiig  it  back,  will  be  removed  further  aft,  by  every  turn  of 
the  windlass,  and  the  effort  of  the  jigger  will  be  lessened  in 
proportion  to  its  distance  from  the  windlass;  accordingly, 
when  the  man  gives  the  above  notice,  another  at  the  windlass 
immediately  fixes  his  handspike  between  the  deck  and  the 
cable,  so  as  to  jam  the  latter  to  the  windlass,  and  prevent  it 
from  running  out  till  the  jigger  is  replaced  near  the  windlass. 

JiGGER-7'(«7i/f,  a  light  small  tackle  consisting  of  a  double 
and  a  siiiirlc  block,  and  used  by  seamen  on  sundry  occasions. 

JOBBER,  a  person  who  undertakes  jobs,  or  small  pieces  of 
work.  In  some  statutes,  ;oi/<c)-  is  used  for  a  person  who  buys 
and  sells  for  others,  and  is  equivalent  to  broker.  Hence 
julibin//,  the  business  of  a  jobber. 

Stock  Jobbing  denotes  the  practice  of  trafficking  in  the  pub- 
lic funds,  or  of  buying  and  selling  stock  with  a  view  to  its  rise 
or  fall.  The  term  is  commonly  applied  to  the  illegal  practice  of 
buying  and  selling  stock  for  time,  or  of  accounting  for  Ihe  dif- 
ferences in  the  rise  or  fall  of  any  particular  stock  for  a  stipu- 
lated time,  whether  the  buyer  or  seller  be  possessed  of  any  such 
real  stock  or  not.     See  Srocfi  ISrohcr. 

JOINERY,  the  art  of  working  in  wood,  or  of  fitting  various 
purees  of  timber  together.  It  is  called  by  the  French  small 
work,  to  distinguish  it  from  carpentry,  which  is  employed  about 
large  works.     Sec  Architecture,  Bdilding,  and  House. 

.JOINT,  in  general,  denotes  the  juncture  of  two  or  more 
things.     The  joints  of  the  human  body  are  called  by  anatonnsts 


JON 


DICTIONARY   OF   MECHANICAL   SCIENCE. 


J  U  D 


531 


articulations.  See  Anatomy.  The  suppleness  to  which  the 
joints  may  be  brought  by  long  practice,  from  the  time  of 
infancy,  is  very  surprisinif.  Every  common  posture-master 
shews  us  a  great  deal  of  this;  but  one  of  the  most  uondcrliil 
instances  we  ever  had  of  it,  was  in  a  person  of  the  name  of 
Clark,  and  famous  for  it  in  London,  where  lie  was  commonly 
known  by  the  name  of  Clark  the  posture-master.  This  man  had 
found  the  way,  by  long  practice,  to  distort  many  of  the  bones, 
of  which  nobody  before  had  ever  thou;;ht  it  possible  to  alter 
the  position.  He  had  such  an  absolute  command  of  his 
muscles  and  joints,  that  he  could  almost  disjoint  his  whole 
body.  So  that  he  once  imposed  on  the  famous  Mullens  by  his 
distortions  in  such  a  manner,  that  he  refused  to  undertake  his 
cure  ;  but,  to  the  amazement  of  the  physician,  no  sooner  had 
he  given  over  his  patient,  than  he  saw  him  restore  himself  to 
the  figure  and  condition  of  a  proper  man,  with  no  distortion 
about  him. 

.Joint  Actiims,  in  personal  aclions,  several  wrongs  may 
be  joined  in  one  writ;  but  actions  founded  upon  a  tort  and  a 
contract  cannot  be  joined. 

Joint  and  Several,  an  interest  cannot  be  granted  jointly  and 
severally. 

Joint  Liiws,  lease  for  years  to  husband  and  wife,  if  they  or 
any  issue  of  their  bodies  should  so  long  live,  has  been  adjudged 
so  long  as  either  the  husband,  wife,  or  any  of  their  issue,  should 
live. 

Joint  Stock  Companies,  are  trading  associations  with  a 
stock  consisting  of  many  shares,  in  which  the  individuals  gain 
or  lose  in  proportion  to  their  shares.  For  very  large  un- 
dertakings, such  as  the  making  of  a  canal  or  building  a  bridge, 
where  the  capital  of  a  few  men  is  inadequate,  the  union  of  many 
individuals  may  be  necessary  and  sometimes  profitable.  In 
general,  joint  stock  companies  are  not  profitable  to  the  indivi- 
dual shareholders,  although  they  may  he  beneficial  to  the  per- 
sons who  are  paid  for  managing  the  concern  on  behalf  of  (he 
body  at  large.  It  is  a  common  delusion,  that  the  share-holder 
is  not  responsible  beyond  the  amount  of  his  share,  but  except 
it  be  a  corporate  body,  every  farthing  of  his  property  is  liable 
for  all  the  debts  and  obligations  of  the  company.  To  put  a 
stop  to  delusive  schemes,  which  led  many  persons  to  their  ruin, 
the  statute  of  IGGeo.  I.  c.  18,  was  enacted,  commonly  called 
the  bubble  act ;  it  has,  however,  been  evaded,  or  allowed  to  re- 
main inoperative.  Many  joint  stock  companies  obtain  an 
act  of  parliament,  by  which  they  may  sue  or  be  sued  in  the  name 
of  their  chairman,  secretary,  or  any  of  tlieir  members,  which 
they  otherwise  could  not  do,  as  it  would  be  necessary  in  all  the 
records  and  pleadings  to  recapitulate  the  names  and  desig- 
nations of  all  the  shareholders,  which  in  some  cases  would  be 
impossible,  and  in  all  eases  extremely  tedious  and  expensive. 

Joint  Tenants,  are  those  that  hold  lands  or  tenements 
by  one  title,  without  partition.  The  creation  of  an  estate  in  joint 
tenancy  depends  on  the  wording  of  the  deed  or  devise  by 
which  the  tenant  claims  title,  and  cannot  arise  by  act  of  law.  If 
any  estate  be  given  to  a  plurality  of  persons,  without  adding 
any  restrictive,  exclusive,  or  explanatory  words,  this  makes 
them  immediately  joint  tenants  in  fee  of  the  lands.  If  there 
be  two  joint  tenants,  and  one  release  the  otiier,  this  passes  a 
fee  without  the  word  heirs.  Joint  tenants  may  niiike  partition; 
the  one  party  may  compel  the  other  to  make  partition,  which 
must  be  by  deed  ;  that  is  to  say,  all  the  parties  must  by  deed 
actually  convey  and  assure  to  each  other  the  several  estates 
which  they  are  to  take  and  enjoy  severally  and  separately  ; 
joint  tenants  must  jointly  implead  and  be  jointly  impleaded 
with  others.  If  one  joint  tenant  refuse  to  join  in  an  action, 
he  may  be  suminoned  and  severed  ;  but  if  the  person  severed 
die,  the  writ  abates  in  real  actions,  but  not  in  personal  and 
mixed  actions. 

JOINTURE,  in  Law,  generally  signifies  a  settlement  of 
lands  and  tenements,  made  on  a  woman  in  consideration  of 
marriage. 

JOISTS,  or  Jovsts,  in  Architecture,  those  pieces  of  timber 
framed  into  the  girders  and  summers,  on  which  the  boards  of 
the  fioor  are  laid. 

JONK,  JoNQUK,  or  Junk,  a  kind  of  small  ship,  very  com- 
mon in  the  East  Indies.  These  vessels  are  about  the  size  of 
lly-boats,  and  dill'er  in  the  form  of  their  building,  according  to 


the  different  methods  of  naval  architectore  used  there.  The 
sails  are  frequently  made  of  mats,  and  the  anchors  of  wood. 

JOURNAL,  a  sort  of  diary,  or  daily  register  of  the  ship's 
course  and  distance,  the  winds  and  weather,  together  with  a 
general  account  of  whatever  is  material  to  be  remarked  in  the 
period  of  a  sea  voyage,  such  as  the  shifting,  reducing,  or 
eidarging  the  quantity  of  sail,  the  condition  of  the  ship  and 
her  crew,  the  discovery  of  other  ships  or  Heels,  lands,  shoals, 
breakers,  soundings,  &o. 

Journal,  a  day  book,  register,  or  account  of  what  passes 
daily.     .See  Book-Keeping. 

JOURNEYMAN,  properly  one  who  works  by  the  day  only ; 
but  the  word  is  now  used  for  any  one  who  works  under  a 
master,  either  by  the  day,  the  year,  or  the  piece. 

JOY,  in  Ethics,  is  that  passion  which  is  produced  by  love, 
regarding  its  obje,;t  as  prescut,  either  immediately  or  in  pros- 
pect, in  reality  or  imagination.  The  operation  of  joy  some- 
times elfects  the  functions  of  the  body,  by  increasing  the 
secretion  of  perspiration  and  some  others. 

JUBILKE,  a  time  of  public  and  solemn  festivity  among  the 
ancient  Hebrews.  This  was  kept  every  fiftieth  year ;  and 
began  about  the  autumnal  equinox.  At  this  time  all  slaves 
were  released,  all  debts  annihilated,  and  all  lands,  &c.  however 
alienated,  were  restored  to  their  first  owners.  During  this 
whole  year  all  kind  of  agriculture  was  forbidden,  and  the  poor 
had  the  benefit  of  the  harvest,  vintage,  and  other  productions 
of  the  earth. — The  Christians,  in  imitation  of  the  Jews,  have 
likewise  established  jubilees,  which  began  in  the  time  of  pope 
Boniface  VIII.  in  the  year  1.300,  and  are  now  practised  every 
twenty-five  years ;  but  these  relate  only  to  the  pretended  for- 
giveness of  sins,  and  the  indulgences  granted  by  the  church  of 
Rome. 

JUDGMENT,  among  Logicians,  a  faculty,  or  rather  act,  of 
the  human  soul,  whereby  it  compares  its  ideas,  and  perceives 
their   agreement   or    disagreement.      See   Logic    and   Meta- 

I'llVSICS. 

Judgment,  in  Law,  is  the  sentence  pronounced  by  the  court 
upon  the  matter  contained  in  the  record.  Judgments  are  of 
four  sorts.  First,  where  the  facts  are  confessed  by  the  parties, 
and  the  law  determined  by  the  court;  as  in  case  of  judgment 
upon  demurrer.  Secondly,  where  the  law  is  admitted  by  the 
parties,  and  the  facts  disputed  ;  as  in  the  ease  of  judgment  or 
verdict.  Thirdly,  where  both  the  facts,  and  the  law  arising 
thereon,  are  admitted  by  the  defendant ;  which  is  the  ease  of 
judgment  by  conf-:-ssion  or  default;  or,  lastly,  when  the  plain- 
tiff is  convinced  that  either  fact,  or  law,  or  both,  are  insuDieient 
to  support  his  action,  and  therefore  abandons  or  withdraws 
his  prosecution  ;  which  is  the  ease  in  judgments  upon  a 
7iunsuit  or  traxit.  The  judgment,  though  pronounced  or 
awarded  by  the  judges,  is  not  their  determination  or  sentence, 
but  the  determination  and  sentence  of  the  law.  It  is  the 
conclusion  that  naturally  and  regularly  follows  from  the  pre- 
mises of  law  and  fact,  which  stands  thus :  Against  him  who 
hath  rode  over  my  corn,  I  may  recover  damages  by  law;  but 
A  hath  rode  over  my  corn,  therefore  I  shall  recover  damages 
ag;iinst  A.  If  the  major  proposition  be  denied,  this  is  a 
demurrer  in  law  ;  if  the  minor,  it  is  then  an  issue  of  fact ;  but 
if  both  be  eonl'osscd  or  determined  to  he  right,  the  eonelusinn 
or  judgment  of  the  court  cannot  but  follow;  which  judgment  or 
conclusion  depends  not  therefore  on  the  arbitrary  caprice  of 
Ihejudge,  but  on  the  settled  and  invariable  principles  of  jus- 
tice. The  judgment,  in  short,  is  the  remedy  prescribed  by  jaw 
for  the  redress  of  injuries;  and  the  suit  or  action  is  the  vehicle 
or  means  of  administering  it.  What  that  remedy  may  be,  is 
indeed  the  result  of  deliberation  and  study  to  |,oint  out;  and 
therefore  the  style  of  the  judgment  is,  not  that  it  is  decreed  or 
resolved  by  the  court,  for  then  the  judgiiieiit  might  appear  to  be 
their  own;  but.  "it  is  considered,"  co7isi<lcratnm  ist  curiam, 
that  tin;  plaintilf  do  recover  his  damages,  his  debt,  his  pos- 
session, and  the  like  ;  which  implies,  that  the  judgment  is  none 
of  their  own;  but  the  act  of  law,  pronounced  and  declared 
by  the  court,  after  due  deliberation  and  inquiry.  See  lilaek- 
stone's  Conuneiil.  iii.  XH>. 

Judgment,  in  criminal  cases, is  the  next  stage  of  prosecution, 
after  trial  and  conviction  are  passed,  in  such  crimes  and  misde- 
meanors as  are  either  too  high  or  too  low  to  be  included  within 
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the  benefit  of  clerfry.  For  when,  upon  a  capital  charge,  the 
jury  have  brought  in  their  verdict '  guilty'  in  the  presence  of  the 
prisoner,  he  is  eitlier  immediately,  oral  a  convenient  time  soon 
after,  asked  by  the  court,  if  he  has  any  thing  to  offer  why  judg- 
ment should  not  be  awarded  against  him ?  And  in  case  the 
defendant  be  found  guilty  of  a  misdemeanor,  (the  trial  of 
which  may,  and  does  usually,  happen  in  his  absence,  after  he 
has  once  appeared.)  a  capias  is  awarded  and  issued,  to  bring 
him  in  to  receive  his  judgment;  and  if  he  absconds,  he  may  be 
prosecuted  even  to  outlawry.  But  whenever  he  appears  in 
person,  upon  either  a  capital  or  inferior  conviction,  he  may  at 
this  period,  as  well  as  at  his  arraignment,  offer  any  exceptions 
to  the  indictment,  inarrest  or  stay  of  judgment ;  as,  for  want  of 
sufficient  certainty  in  setting  forth  either  the  person,  the  time, 
the  place,  or  the  offence.  And  if  the  objections  be  valid,  the 
whole  proceedings  shall  be  set  aside :  but  the  party  may  be 
indicted  again;  and  even  may  take  notice,  1.  That  none  of  the 
statutes  of  jeofails,  for  amendment  of  errors,  extend  to  indict- 
ments, or  proceedings  in  criminal  cases  ;  and  therefore  a  defec- 
tive indictment  is  not  cited  by  a  verdict,  as  defective  plead- 
ings in  civil  cases  are.  2.  That  in  favour  of  life,  great  strict- 
ness has  at  all  times  been  observed,  in  every  point  of  an  indict- 
ment. Sir  Matthew  Hale  indeed  complains,  "  that  this  strict- 
ness is  grown  to  be  a  blemish  and  inconvenience  in  the  law 
and  the  administration  thereof;  for  that  more  offenders  escape 
by  the  ever-easy  ear  given  to  exceptions  in  indictments,  than 
by  their  own  innocence  ;  and  many  times  gross  murders, 
burglaries,  robberies,  and  other  heinous  and  crying  offences, 
remain  unpunished  by  these  unseemly  niceties,  to  the  reproach 
of  the  law,  to  the  shame  of  the  government,  to  the  encourage- 
ment of  villany,  and  to  the  dishonour  of  God."  And  yet,  not- 
withstanding this  laudable  zeal,  no  man  was  more  tender  of 
life  than  this  truly  excellent  judje.— A  pardon  also  may  be 
pleaded  in  arrest  of  judgment;  and  it  has  the  same  advantage 
when  pleaded  here  as  when  pleaded  upon  arraignment ;  viz.  the 
saving  the  attairider,  and,  of  course,  the  corruption  of  blood  ; 
which  nothing  can  restore  but  parliament,  when  a  pardon  is 
not  pleaded  till  after  sentence.  And  certainly,  upon  all 
accounts,  when  a  man  hath  obtained  a  pardon,  he  is  in  the 
right  to  plead  it  as  soon  as  possible.     See  Pardon. 

Praying  the  benefit  of  clergy,  may  also  be  ranked  among  the 
motions  in  arrest  of  judgment.    See  Benefit  of  Clergy. 

If  all  the  resources  fail,  the  court  must  pronounce  that  judg- 
ment which  the  law  hath  annexed  to  the  crime.  Of  these, 
some  are  capital,  which  extend  to  the  life  of  the  offender,  and 
consist  generally  in  being  hanged  by  the  neck  till  dead  ;  though 
in  very  atrocious  crimes  other  circumstances  of  terror,  pain,  or 
disgrace,  are  superadded,  as,  in  treasons  of  all  kinds,  being 
drawn  or  dragged  to  the  place  of  execution :  in  high  treason 
committed  by  a  female,  the  judgment  is,  to  be  burned  alive. 
But  the  humanity  of  the  English  nation  has  authorized,  by  a 
tacit  consent,  an  almost  general  mitigation  of  such  parts  of 
these  judgments  as  savour  of  torture  or  cruelty  :  a  sledge  or 
hurdle  being  usually  allowed  to  such  traitors  as  are  condemned 
to  be  drawn;  and  there  being  very  few  instances  (and  those 
accidental  or  by  negligence)  of  any  person's  being  erabowelled 
or  burned,  till  previously  deprived  of  sensation  by  strangling. 
Some  punishments  consist  in  exile  or  banishment,  by  abjura- 
tion of  the  realm,  or  transportation  beyond  the  seas  ;  others  in 
loss  of  liberty,  by  perpetual  or  temporary  imprisonment.  Some 
extend  to  confiscation  by  forfeiture  of  lands  or  moveables,  or 
both,  or  of  the  profits  of  lands  for  life;  others  endure  a  disabi- 
lity of  holding  offices  or  employments,  being  heirs,  executors, 
and  the  like.  Some,  though  rarely,  occasion  a  mutilation  or 
dismembering,  by  cutting  off  the  hand  or  ears  :  others  fix  a 
lasting  stigma  on  the  offender,  by  slitting  the  nostrils,  or  brand- 
ing in  the  hand  or  face.  Some  are  merely  pecuniary,  by  stated 
or  discretionary  fines ;  and,  lastly,  there  are  others  that  con- 
sist principally  in  their  ignominy,  though  most  of  them  are 
mixed  with  some  degree  of  corporeal  pain,  and  these  are 
inflicted  chiefly  for  such  crimes  as  cither  arise  from  indigence, 
or  render  even  opulence  disgraceful ;  such  as  whipping,  hard 
labour  in  the  house  of  correction,  the  pillory,  the  stocks,  and 
the  ducking-stool.  Disgusting  as  this  catalogue  may  seem,  it 
will  afford  pleasure  to  a  British  reader,  and  do  honour  to  the 
British  laws,  to  compare  it  with  that  shocking  apparatus  of 


death  and  torment,  to  be  met  with  io  the  criminal  codes  of 
almost  every  other  nation  in  Europe.  And  it  is  moreover  one 
of  the  glories  of  our  laws,  that  the  nature,  not  always  the  quan- 
tity or  degree,  of  punishment  is  ascertained  for  every  oH'ence  ; 
and  that  it  is  not  left  in  the  breast  of  any  judge,  nor  even  of  a 
jury,  to  alter  that  judgment  which  the  law  has  beforehand 
ordained  for  every  subject  alike,  without  respect  of  persons. 
For  if  judgment  were  to  be  the  private  opinions  of  the  judge, 
men  would  then  be  slaves  to  their  magistrates,  and  would  live 
in  society  without  knowing  exactly  the  conditions  and  obliga- 
tions which  it  lays  them  under.  And,  besides,  as  this  prevents 
oppression  on  the  one  hand,  so  on  the  other,  it  stifles  all  hopes 
of  impunity  or  mitigation  with  which  an  offender  might  flatter 
himself,  if  his  punishment  depended  on  the  humour  and  discre- 
tion of  the  court.  Whereas,  where  an  established  penalty  is 
annexed  to  crimes,  the  criminal  may  read  their  certain  con- 
sequence in  that  law,  which  ought  to  be  the  unvaried  rule,  as 
it  Is  the  inflexible  judge  of  his  actions. 

JUGLANS,  in  Botany,  Walnut  Tree,  a  genus  of  the  monoccia 
polyandria  class  and  order.  Natural  order  of  amentaceaf. 
TerebintaceK,  Jussieu.  There  are  eight  species,  of  which  J. 
regia,  common  walnut,  is  a  very  large  and  lofty  tree,  with  strong 
spreading  boughs.  There  are  several  varieties,  but  they  all 
vary  again  when  raised  from  the  seed,  and  nuts  from  the  same 
tree  will  produce  difl'erent  fruit.  The  wood  is  in  great  request, 
on  account  of  its  fine  grain  and  colour.  The  husks  and  leaves 
being  macerated  in  warm  water,  and  the  liquor  poured  on  grass 
walks  and  bowling-greens,  will  infallibly  kill  the  worms,  without 
endangering  the  grass. 

JUGULARES,  in  Natural  History,  an  order  of  fishes  accord- 
ing to  the  Linn;ean  system.  They  have  their  ventral  fins  situated 
before  the  pectoral  fins,  and  as  it  were  under  the  throat.  Their 
body  is  sometimes  covered  with  scales,  and  sometimes  not. 
With  a  very  few  exceptions,  they  have  spines  in  the  dorsal  and 
anal  fins,  and  their  gills  have  bony  rajs.  Of  this  order  are 
the  following  genera;  blenius,  callyonumus,  gadus,  kurtels,  tra- 
chinus,  uranoscopus. 

JUICE,  denotes  the  sap  of  vegetables,  or  the  liquors  of 
animals.  &e  Anatomy,  Blood,  Plants,  Sap,  &c.  Thejuices 
of  several  plants  are  expressed,  to  o4)tain  their  essential  salts, 
and  for  several  medicinal  purposes,  with  intention  either  to  be 
used  without  further  preparation,  or  to  be  made  into  syrups 
and  extracts.  The  general  method  of  extracting  these  juices 
is,  by  pounding  the  plant  in  a  marble  mortar,  and  then  by  put- 
ting it  into  a  press.  Thus  is  obtained  a  muddy  and  green 
liquor,  which  generally  requires  to  he  clarified,  as  we  shall  soon 
observe.  Juices  which  are  not  acid,  and  not  very  mucila- 
ginous, are  spontaneously  clarified  by  rest  and  gentle  heat. — 
Fermentation  is  also  an  effectual  method  of  clarifying  juices 
which  are  susceptible  of  it;  for  all  liquors  which  have  fer- 
mented, clarify  spontaneously  after  fermentation.  The  juices, 
especially  before  they  are  clarified,  contain  almost  all  the 
same  principles  as  the  plant  itself,  because  in  the  operation 
hy  which  they  are  extracted,  no  decomposition  happens,  but 
every  thing  remains,  as  to  its  nature,  in  the  same  state  as  in  the 
plant.  Most  vegetable  juices  coagulate  when  they  are  exposed 
to  the  air,  whether  they  are  drawn  out  of  the  plant  by  wounds, 
or  naturally  run  out;  though  what  is  called  naturally  running 
out,  is  generally  the  efl'ect  of  a  wound  in  the  plant,  from  a  sort 
of  canker,  or  some  other  internal  cause.  Different  parts  of  the 
same  plant  yield  different  juices. 

Among  those  juices  of  vegetables  which  are  clammy  and 
readily  coagulate,  there  are  some  which  readily  break  with  a 
whey.  The  great  wild  lettuce,  with  the  smell  of  opium,  yields 
the  greatest  plenty  of  milky  juice  of  any  known  British  plant. 
These  juices,  as  well  as  the  generality  of  others  which  bleed 
from  plants,  are  white  like  milk  but  there  are  some  of  other 
colours.  Tlie  juice  of  the  great  celandine  is  of  a  fine  yellow 
colour  ;  it  flows  from  the  plant  of  the  thickness  of  cream,  and 
soon  dries  into  a  hard  cake,  without  any  whey  separating  from 
it.  Another  yellow  juice  is  yielded  by  the  seed-vessels  of  the  yel- 
low centaury  in  the  month  of  July ,  when  the  seeds  arc  full-grown. 
This  is  very  clammy  ;  it  soon  hardens  altogether  into  a  cake, 
without  any  whey  separating  from  it.  Another  kind  of  juices, 
very  difl'erent  from  all  these,  are  those  of  a  gummy  nature. 
Some  of  these  remain  liquid  a  long  time,  and  arc  not  to  bo 
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dried  without  the  assistance  of  heat;  and  others  very  quickly 
harden  of  themselves,  and  are  not  inllammable.  Some  plants 
yield  juices  which  are  manifestly  of  an  oily  nature.  These, 
when  rubbed,  are  not  at  all  of  a  clammy  nature,  but  make  the 
fingers  glib  and  slippery,  and  do  not  at  all  harden  on  being 
exposed  to  the  air.  If  the  stalk  of  elecampane  be  wounded, 
there  flows  out  an  oily  juice  swimming  upon  a  watery  one. 
The  stalks  of  the  hemlock  also  alTord  a  similar  oily  liquor  swim- 
ming upon  the  other;  and  in  like  manner  the  nhite  mullein, 
the  berries  of  ivy,  the  bay,  juniper,  and  the  fruit  of  the  olive, 
when  wounded,  shew  their  oil  floating  on  the  wiitcry  juice. 
Some  of  these  oily  juices,  however,  harden  into  a  kind  of  resin. 

JULIAN  Calendar,  Ei>och— Period— Year,  4c.  See  the  re- 
spective  articles. 

JULY,  the  seventh  month  of  the  year;  during  which  the  sun 
enters  the  sign  Leo.  The  word  is  derived  from  the  Latin 
Julius,  the  surname  of  Caius  Julius  Caisar,  the  dictator,  who 
was  born  in  it.  Marc  Antony  first  gave  this  month  the  name 
July,  which  before  was  called  Quintilis.  as  being  the  fifth  month 
of  the  year  in  the  old  Roman  kalendar  established  by  Romulus, 
which  began  in  the  month  of  March.  For  the  same  reason, 
August  was  called  Sexlilis;  and  September,  October,  Novem- 
ber, and  December,  still  retain  the  name  of  the  first  rank. 

On  the  10th  day  of  this  month  the  dog-days  are  commonly 
supposed  to  begin  ;  when,  according  to  Hippocrates  and  Pliny, 
the  sea  boils,  wine  turns  sour,  doss  go  mad,  the  bile  is  increased 
and  irritated,  and  all  animals  decline  and  languish. 

The  Kalnidar  of  Animated  Nature  round  London  for  this 
month.  The  cuckoo  loses  her  voice;  the  stone  curlew  whis- 
tles occasionally  late  at  night ;  the  golden-crcslcd  w  reu  chirps  ; 
the  quail  calls  ;  the  cuckoo-spit  or  frog-hopper  abounds  ;  young 
frogs  migrate;  the  great  horse-fly  appears;  and  young  par- 
tridges fly. 

In  the  Kalendnr  of  Vegetable  Nature,  we  see  enchanter's 
nightshade,  lavender,  pinks,  and  carnations,  in  bloom.  Rasp- 
berries and  gooseberries  are  now  ripe,  potatoes  are  in  flower, 
and  asparagus  in  berry,  and  truffle  may  now  be  dug  up  in  com- 
mons and  forests.  But  for  the  various  productions  of  this  sea- 
son, the  reader  must  consult  works  which  give  them  in  detail. 

JUMP,  in  Mining,  is  one  among  the  numerous  appellations, 
which  the  dislocations  of  the  strata  have  received  from  the 
practical  miners  of  different  districts.  The  process  or  convul- 
sion of  nature,  is  frequently  cMcii  "  The  heaviug  of  the  lade," 
and  exhibits  a  phenomenon  in  mining,  which  the  science  of 
mineralogy  has  not  yet  been  able  to  solve. 

JUMPER.  This  is  a  name  given  to  a  long  iron  tool  with  a 
steel  chisel-like  point,  much  used  in  mines,  for  drilling  or 
boring  of  holes  in  rocks  which  arc  to  be  blasted  with  gun- 
powder. Some  have  confounded  this  instrument  with  another, 
generally  called  a  Gad.  The  Gad,  however,  is  a  diflcrent  tool, 
having  no  connexion  with  the  holes  bored  to  be  used  in  the 
blasting  process.  In  some  places,  Jumper  and  Borer  are 
terms  of  synonymous  import,  applied  promiscuously  to  the 
same  tool.  The  term  Jumper  is  also  given  to  a  Christian  sect 
well  known  in  Wales,  and  remarkable  for  their  eccentricity. 

JUNCI  LAPIDEI,  in  Natural  History,  the  name  given  by 
authors  to  a  species  of  fossil  coral  of  the  tabularia  kind,  and 
composed  of  a  congeries  of  small  tubules,  which  are  usually 
round  and  striated  within. 

JUNCTURE,  in  Oratory,  is  a  part  of  composition  particu- 
larly recommended  by  Quintilian,  and  denotes  such  an  atten- 
tion to  the  nature  of  the  vowels,  consonants,  and  syllables,  in 
the  connexion  of  words,  with  regard  to  their  sound,  as  will 
render  their  pronunciation  most  easy  and  pleasant,  and  best 
promote  the  harmony  of  the  sentence.  Thus,  the  coalition  of 
two  vowels  occasioning  a  hollow  and  obscure  sound,  and  like- 
wise of  some  consonants  rendering  it  harsh  and  rough,  should 
be  avoided  ;  nor  should  the  same  syllnblc  be  repeated  at  the 
beginning  and  end  of  words,  because  the  sound  becomes  hereby 
harsh  and  unpleasant. 

J  UNCUS,  the  linsh,  a  genus  of  plants  belonging  to  the 
hexandria  class  ;  and  in  the  natural  method  ranking  under  the 
liflh  order  Tripetaloideas.     See  Botany. 

J  UN  li;.  the  sixth  month   of  the  year,  during  which  the  sun 
enters  the  sign  Cancer.     In  this  month  is  the  summer  solstice. 
See  Cancir,  the  Crab,  (pnje  I4'2.)  for  the  astronomical  and 
55. 


physical  relation  of  June.  The  word  is  from  Junius  or  i 
Junone,  for  the  goddess  says  in  Ovid,  Juniut  a  nostra  nomine 
nomcn  habct.  There  arc,  however,  two  other  topics  that  solicit 
our  attention  here,  and  we  shall  therefore  develop  them  in 
the  sequel  of  this  article. 

1.  Kalendar  for  this  month,  in  the  south  of  Britain.  In  Ani- 
mated Nature,  during  the  first  week,  we  see  the  w  asp,  and  several 
species  of  the  bee  and  butterfly  tribes,  with  the  hedge-sparrow 
and  fl) -catcher.  In  the  second  week,  the  burnet  raoth  and 
forest  fly  shew  themselves,  and  bees  swarm.  In  the  third  week, 
flies,  butterflies,  moths,  beetles,  and  other  insects  appear.  In 
the  fourth  week,  insects  abound,  singing  birds  begin  to  retire 
to  the  woods,  and  lose  their  song. 

2.  The  Kalendar  of  Vegetable  Nature  round  London.  In  the 
first  week,  water-lilies  flower,  and  numerous  other  plants.  In 
the  second  week,  the  vine,  raspberry,  and  elder  are  in  flower. 
Scotch  roses,  broom,  and  nettle  flower;  and  wheat  is  now  in 
the  ear.  In  the  third  week,  a  great  variety  of  plants  flower, 
also  many  of  the  pasture  grasses  and  late  wheats.  In  the 
fourth  week,  currants  ripen,  strawberries  abound,  young 
shoots  of  trees  and  shrubs  attain  their  length  ;  oats  and  barley 
Dower,  &c. — For  particulars  which  relate  to  the  kitchen  gar- 
den, to  fruit  trees,  to  flowers,  to  pleasure  grounds,  and  shrub- 
beries, we  must  refer  the  reader  to  treatises  written  professedly 
on  these  subjects. 

JUNGERM.\.NNI.\,  in  Botany,  a  cr_\ptogamia  genus  of 
plants,  very  numerous  in  species,  as  well  as  distinct  in  cha- 
racter. It  was  thus  named  by  Ruppius  and  Micheli,  who  have 
been  followed  by  all  botanists  since  their  day,  in  honour  of 
Lewis  Jungermann,  professor  of  botany  at  .\lt(lorf,  and  after- 
wards at  Giessen,  in  the  early  part  of  the  seventeenth  century. 
The  plants  of  this  genus  have  hitherto  been  but  inaccurately 
defined. 

JUNGIA,  in  Botany,  so  named  by  the  younger  Linnxus,  in 
memory  of  Joachim  Jungius,  a  learned  German  botanist,  of 
the  seventeenth  century. 

JUNIPA,  in  Botany,  the  name  of  a  tree  of  the  Caribbee 
Islands,  and  some  other  places,  to  which  peculiar  properties 
are  ascribed.  The  fruit  is  said  to  yield  a  juice  as  clear  as 
water,  which  communicates  a  fine  purple  dye,  but  being  rubbed 
twice  on  the  same  spot,  the  purple  gives  place  to  black.  This 
singular  tincture,  according  to  report,  cannot  be  got  out  by 
soap  or  any  other  method  of  cleansing,  and  yet.  after  about  nine 
or  ten  days,  the  colour  wholly  disappears  of  its  own  accord. 
The  same  authors  who  vouch  for  the  above  properties,  also 
assert,  that  hogs  and  parrots  feeding  on  this  fruit,  have  their 
flesh  and  fat  all  tinged  throughout  of  a  violet  colour. 

JUNIPERUS,  in  Botany,  Juniper  Tree,  a  genus  of  the  dioe- 
cia  monadelphia  class  and  order.  Natural  order  of  conifera;. 
There  are  twelve  species:  some  of  these  are  lofty  handsome 
trees  ;  but  the  common  juniper  is  a  low  shrub,  seldom  more 
than  three  feet  in  height.  The  female  flow  ers  arc  succeeded  by 
roundish  berries,  at  first  green,  and  when  ripe  of  a  dark  purple 
colour.  They  continue  on  the  bush  two  years,  and  are  sessile 
in  the  axil  of  the  leaves.  Juniper  is  common  in  all  the  northern 
parts  of  Europe.  The  berries  have  a  strong  smell ;  and  a  warm 
pungent  sweet  taste,  followed  by  a  bitterish  one. 

JUNK,  any  remnants  or  pieces  of  old  cable,  which  are  usu- 
ally cut  for  the  purpose  of  making  Points,  Mats,  Gaskets, 
Sennit,  &c.  which  sec. 

JUNO.  Under  the  article  Astronomy,  a  few  observations 
were  made  on  this  planet,  to  which  we  now  make  the  follow- 
ing additions-  Juno  is  situated  betw  een  the  orbits  of  Mars  and 
Jupiter,  w  as  discovered  by  Mr.  Harding  at  the  observatory  of 
Lilienthal,  near  Bremen,  on  the  evening  of  the  first  of  Septem- 
ber, 1804.  While  this  astronomer  was  forming  an  atlas  of  all 
the  stars,  as  far  as  the  eighth  magnitude,  which  are  near  the 
orbits  of  Ceres  and  Pallas,  he  observed,  in  the  constellation 
Pisces,  a  small  star  of  the  eighth  magnitude, which  was  not  men- 
tioned in  the  "  HistoireCcl<ste"of  La  Lande;  and  being  ignorant 
of  its  longitude  and  latitude,  he  put  it  down  in  his  chart  as  nearly 
as  he  could  estimate  with  his  eye.  Two  days  afterwards  the 
star  disappeared,  but  he  perceived  another  which  he  had  not 
seen  before,  resembling  the  first  in  size  and  colour,  and  situa- 
ted a  little  to  the  south-west  of  its  place.  He  observed  itagain 
on  the  5th  of  September,  and  finding  that  it  had  moved  a  little 
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farther  to  the  south-west,  he  concluded  that  this  star  belonged 
to  the  planetary  sjstem. 

The  planet  Jano  is  of  a  reddish  colour,  and  is  free  from  that 
nebulosity  which  surrounds  Pallas.  Its  diameter,  and  its  mean 
distance,  are  less  than  those  of  the  other  new  planets.  It  is 
distinguished  from  all  other  planets  by  the  great  eccentricity  of 
its  orbit  ;  and  the  eQect  of  this  is  so  extremely  sensible,  that  it 
passes  over  that  half  of  its  orbit,  which  is  bisected  by  its 
perihelion,  in  half  the  time  that  it  employs  in  describing  the 
other  half,  which  is  farther  from  the  sun.  From  the  same 
cause,  its  greatest  distance  from  the  sun  is  double  the  least 
distance,  the  difference  between  the  two  distances  being  about 
127  millions  of  miles.  Though  there  is  no  nebulous  appearance 
around  the  planet  Juno,  yet  it  appears,  from  the  observations 
of  Schroeter,  that  it  must  have  an  atmosphere  more  dense  than 
that  of  any  of  the  old  planets  of  the  system.  A  very  remarkable 
variation  in  the  brilliancy  of  this  planet  has  been  observed  by  this 
astronomer.  He  attributes  it  chiefly  to  changes  that  are  going  on 
in  its  atmosphere,  though  he  thinks  it  not  improbable  that  these 
changes  may  arise  from  a  diurnal  lotation  performed  in  27 
hours.     The  following  elements  were  calculated  by  Buckhardt. 

Mean  longitude,  31st  Dec.  1804,  noon 1M2°  17'  33" 

Place  of  ascending  node    5^21°    G'    0" 

Place  of  perihelion  in  1805 P  29°  40'  23'' 

Eccentricity 0-23096 

Inclination  of  orbit 21°  0' 

Ditto 13'^4' 

Mean  distance 2.057 

Diameter  in  English  miles,  according  to  Schroeter  1423   

Apparent  mean  diameter,  as  seen  from  the  earth, 

according  to  Schroeter 3"-057 

JUPITER,  among  Alchemists,  signifies  the  philosopher's 
gold.  The  gentlemen  of  this  profession  apply  every  thing  to 
their  art  which  the  mythologists  mention  of  the  god  Jupiter, 
asserting  that  the  ancient  fables  are  only  to  be  understood  in  a 
figurative  sense. 

Jupiter,  and  his  Satellites.     See  Astronomy. 

JURATS,  magistrates  in  the  nature  of  aldermen,  for  tlie  go- 
vernment of  several  corporations. 

JURIES,  in  Common  Law,  consist  of  twelve  or  twenty-four 
men,  sworn  to  in(|uire  into  facts,  and  declare  the  truth  upon 
such  evidence  as  shall  appear  before  them.  Trial  by  jury  is 
very  ancient  in  this  country.  It  seems  to  have  been  coeval 
w  ith  the  existence  of  its  civil  government ;  and  some  authors 
have  endeavoured  to  trace  their  establishment  up  so  high  as 
the  ancient  Eritons.  It  is  certain  that  while  the  Saxons  held 
dominion  among  us,  juries  were  well  known,  and  some  have 
ascribed  their  origin  to  Woden,  their  great  legislator  and  cap- 
tain. Juries  are,  in  these  kingdoms,  the  supreme  judges  in  all 
courts  and  in  all  causes,  in  which  either  the  life,  property,  or 
reputation,  of  any  man  is  concerned.  This  is  the  distinguish- 
ing privilege  of  every  Rriton,  and  one  of  the  most  glorious 
advantages  of  our  constitution  ;  for  as  every  one  is  tried  by  his 
peers,  the  meanest  subject  is  as  safe  and  as  free  as  the  greatest. 
See  the  article  Trial. 

JURISDICTION,  a  power  or  authority  which  a  man  has  to 
do  justice  in  cases  of  complaint  made  before  him.  There  are 
two  kinds  of  jurisdiction,  the  one  ecclesiastical,  the  other  secular. 

iSfcH/rtr  Jurisdiction,  belongs  to  the  king  and  his  justices 
or  delegates.  The  courts  and  judges  at  Westminster  have 
jurisdiction  all  over  England,  and  are  not  restrained  to  any 
county  or  place  ;  but  all  other  courts  are  confined  to  their  par- 
ticular jurisdictions  ;  the  first  is  teyiere  placita,  to  hold  pleas,  and 
the  plain  till' may  sue  either  there  or  in  the  king's  courts.  An- 
other is  the  cognizance  of  pleas,  where  a  right  is  invested  in 
the  lord  of  the  franchise  to  hold  pleas  ;  and  is  the  only  person 
that  can  take  advantage  of  it,  by  claiming  his  franchise.  The 
third  sort  is  an  exempt  jurisdiction,  as  where  the  king  grants 
to  some  city,  that  the  inhabitants  shall  be  sued  within  their 
city,  and  not  elsewhere,  though  there  is  no  jurisdiction  that 
can  withstand  a  certiorari  to  the  superior  courts. 

Ecclesiastical  Jurisdiction,  belongs  to  bishops  and  their 
deputies.  Bishops,  &c.  have  two  kinds  of  jurisdiction  ;  the  one 
internal,  which  is  exercised  over  the  conscience  in  things  purely 
spiritual ;  and  this  they  arc  supposed  to  hold  immediately  of 


God.  The  other  is  contentious,  which  is  a  privilege  some 
princes  have  given  them  of  terminating  disputes  between 
ecclesiastics  and  laymen. 

JURISPRUDENCE,  the  science  of  what  is  just  or  unjust; 
or  the  knowledge  of  laws,  rights,  customs,  statutes,  &c.  neces- 
sary for  the  administration  ofjustice.     See  Law. 

JUROR,  Jurator,  in  a  legal  sense,  is  one  of  those  twenty- 
four  or  twelve  men  who  are  sworn  to  deliver  truth  upon  such 
evidence  as  shall  be  given  them  touching  any  matter  in  ques- 
tion. The  punishment  of  petty  jurors  attainted  of  giving  a 
verdict  contrary  to  evidence,  willingly,  is  very  severe. 

JURY,  a  certain  number  of  men  sworn  to  inquire  into  and 
try  a  matter  of  fact,  and  to  declare  the  truth  upon  such  evi- 
dence as  shall  appear  before  them. 

JURYMAST,  a  temporary  or  occasional  mast,  erected  in  a 
ship  in  the  place  of  one  that  has  been  carried  away  by  tempest, 
battle,  &c.  Jurymasts  are  sometimes  erected  in  a  new  ship,  to 
navigate  her  down  the  river,  or  to  a  neighbouring  port,  where 
her  proper  masts  are  prepared  for  her. 

JUSTICE,  in  a  moral  sense,  is  one  of  the  four  cardinal 
virtues,  which  gives  every  person  his  due.  Civilians  distin- 
guish justice  into  two  kinds,  commimicative  and  distributive. 
"The  former  establishes  fair  dealing  in  the  mutual  commerce 
between  man  and  man  ;  and  includes  sincerity  in  our  discourse, 
and  integrity  in  our  dealings.  The  efi'ect  of  sincerity  is  mutual 
confidence,  so  necessary  among  the  members  of  the  same  com- 
munity ;  and  this  mutual  confidence  is  sustained  and  preserved 
by  the  integrity  of  our  conduct.  Distributive  justice  is  that  by 
which  the  difl'erences  of  mankind  are  decided,  according  to  the 
rule  of  equity.  The  former  is  the  justice  of  individuals;  the 
latter,  of  princes  and  magistrates.  Fidelity  and  truth  are  the 
foundation  of  justice.  As  to  be  perfectly  just  is  an  attribute 
of  the  Divine  nature — to  be  so  to  the  utmost  of  our  ability,  is 
the  glory  of  man. 

Justice,  is  also  an  appellation  given  to  a  person  deputed 
by  the  king  to  administer  justice  to  his  subjects;  whose  autho- 
rity arises  fram  his  deputation,  and  not  by  right  of  magistracy. 
Of  these  justices  there  are  various  kinds  in  England,  viz. 

Chief  Justice  (if  the  Court  of  Kint/'s  Bench,  is  the  capital  jus- 
tice of  Great  Britain,  and  is  a  lord  by  his  office.  His  business 
is  chiefly  to  hear  and  determine  all  pleas  of  the  crown  ;  that  is, 
such  as  concern  oli'ences  against  the  crown,  dignity,  and  peace 
of  the  king;  as  treason,  felonies,  Sec.  The  officer  was  formerly 
not  only  chief  justice,  but  also  chief  baron  for  the  exchequer, 
and  master  of  the  court  afterwards.  He  usually  sat  in  the 
king's  palace,  and  there  executed  that  office  formerly  per- 
formed per  comitcm  palatii ;  he  determined  in  that  place  all  the 
difl'erences  happening  between  the  barons  and  other  great 
men.  He  had  the  prerogative  of  being  vice-regent  of  the 
kingdom  whenever  the  king  went  beyond  sea,  and  was  usually 
chosen  to  that  office  out  of  the  prime  nobility ;  but  his  power 
was  reduced  by  king  Richard  I.  and  king  Edward  I.  His  olliceis 
now  divided,  and  his  title  changed  from  capitalis  Anglea  justi- 
cinrius,  to  capitalis  justiciarius  ad  placita  coram  reye  tenenda,  or, 
capitalis justiciarius  banci  regii. 

Cliief  Justice  of  the  Common  Picas,  he  who  with  his  assistants 
hears  and  determines  all  causes  at  the  common  law ;  that  is  to 
say,  all  civil  causes  between  persons,  as  well  personal  as  real ; 
and  he  is  also  a  lord  by  his  ofiice. 

Justices  of  Assize,  were  such  as  were  wont  by  special  com- 
mission to  be  sent  to  this  or  that  county  to  take  assize  for  the 
ease  of  the  subjects.  For,  whereas  these  actions  pass  always 
by  jury,  so  manj'  men  might  not  without  great  damage  and 
charge  be  brought  up  to  London  ;  and  therefore  justices,  for 
this  purpose,  by  commissions  particularly  authorized,  were 
sent  down  to  them.  These  continue  to  pass  the  circuit  by  two 
and  two  twice  every  year  through  all  England,  except  the  four 
northern  counties,  where  they  go  only  once,  despatching  their 
several  businesses  by  several  commissions,  for  they  have  one 
commission  to  take  assizes,  another  to  deliver  gaols,  and 
another  of  oyer  and  terminer.  In  London  and  Middlesex  a 
court  of  general  gaol  delivery  is  held  eight  times  in  the  year. 
All  the  justices  of  peace  of  any  county  wherein  the  assizes  are 
held,  are  bound  by  law  to  attend  them,  or  else  are  liable  to  a 
fine,  in  order  to  return  recognizances,  5;c.  and  to  assist  the 
judges  in  such  matters  as  lie  within  their  knowledge  and  juris- 
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diction,  and  in  which  some  of  them  have  been  probably  con- 
cerned by  way  of  previous  examination.  See  Assizes  and  Jury. 

Jiistices in  Eyre,  (justiciarii itineranles or  errantes,)ifierc  those 
who  were  anciently  sent  wilh  comniission  into  divers  counties 
to  hear  such  causes  especially  as  were  termed  pleas  of  tlie 
crown  ;  and  that  for  the  ease  of  the  subject,  who  must  else 
have  been  hurried  to  the  courts  of  Westminster,  if  the  causes 
were  too  high  for  the  county  courts.  According  to  some,  these 
justices  were  sent  once  in  seven  years ;  but  others  suppose 
that  they  were  sent  oftener.  Camden  says,  they  were  insti- 
tuted in  the  reign  of  king  Henry  II.  a.d.  1184  ;  but  they  appear 
to  be  of  an  older  date.  They  were  somewhat  like  our  justices 
of  assize  at  this  day,  though  for  authority  and  manner  of  pro- 
ceeding very  different. 

Justices  of  Gaol  Delivery,  those  commissioned  to  hear  and 
determine  causes  appearing  to  such  as  for  any  offence  are  cast 
into  prison.  Justices  of  gaol  delivery  are  empowered,  by  the 
common  law,  to  proceed  upon  indictments  of  felony,  trespass, 
&c.  and  to  order  execution  or  reprieve,  and  they  have  power 
to  discharge  such  prisoners  as  upon  their  trials  shall  be  ac- 
quitted; also  all  such  against  whom,  on  proclamation  made, 
no  evidence  appears  to  indict ;  which  justices  of  oyer  and  ter- 
miner, &c.  may  not  do. 

Justice  of  ISisi  Prius,  are  now  the  same  with  justices  of 
assize.  It  is  common  adjournment  of  a  cause  in  the  Common 
Pleas  to  put  it  off  to  such  a  day.  Nisi  Prius  justiciarii  venerant 
ad  cas partes  ad  capiendcs  assizes  :  from  which  clause  of  adjourn- 
ment, they  are  called  justices  o[  nisi  prius,  as  well  as  justices 
of  assize,  on  account  of  writ,  and  actions  they  have  to  deal  in. 

Justices  of  Oyer  and  Terminer,  were  justices  deputed  on  some 
special  occasions  to  hear  and  determine  particular  causes.  The 
commission  of  oyer  and  terminer  is  directed  to  certain  per- 
sons upon  any  insurrection,  heinous  demeanour,  or  trespass 
committed,  who  must  first  inquire,  by  means  of  the  grand  jury 
or  inquest,  before  tlicy  are  empowered  to  hear  and  determine 
by  the  help  of  the  petit  jury.     It  was  formerly  held  that  no 


jndge  or  other  lawyer  could  act  in  the  commission  of  ojer  and 
terminer,  or  that  of  gaol  delivery,  within  the  county  where  he 
was  born  or  inhabited;  but  it  was  thought  proper  by  12  Geo. 
II.  cap.  27.  to  allow  any  man  to  be  a  justice  of  oyer  and  ter- 
miner, and  general  gaol  delivery,  within  any  county  of  England. 

Justices  of  the  Peace,  are  persons  of  interest  and  credit, 
appointed  by  the  king's  commission  to  keep  the  peace  of  the 
county  where  they  live.  A  justice  is  to  exercise  his  authority 
only  within  the  county  where  he  is  appointed  by  his  commis- 
sion, not  in  any  city  which  is  a  county  of  itself,  or  town  corpo- 
rate, having  their  proper  justices,  &c.  but  in  other  towns  and 
liberties  he  may.  The  power  and  oflicc  of  justices  terminates 
in  six  months  after  the  demise  of  the  crown,  by  an  express 
writ  of  discharge  under  the  great  seal,  by  writ  of  supersedeas, 
by  a  new  comniission,  and  by  accession  of  the  office  of  sheriff 
or  coroner. 

Justices  of  the  Peace  within  Liberties,  are  justices  of  the  peace 
who  have  the  same  authority  in  cities  or  other  corporate  towns 
as  the  others  have  in  counties,  and  their  power  is  the  same, 
only  that  these  have  the  assize  of  ale  and  beer,  wood,  and  vic- 
tuals, &c.  Justices  of  cities  and  corporations  are  not  within 
the  qualification  act,  f>  Geo.  II.  cap.  18. 

JUSTIFICATION,  in  Law,  signifies  a  maintaining  or  shew- 
ing a  sufficient  reason  in  court,  why  the  defendant  did  what  he 
is  called  to  answer.  Pleas  in  justification  must  set  forth  some 
special  matter :  thus,  on  being  sued  for  a  trespass,  a  person 
may  justify  it,  by  proving  that  the  land  is  his  own  freehold; 
that  he  entered  a  house,  in  order  to  apprehend  a  felon;  or  by 
virtue  of  a  warrant  to  levy  a  forfeiture,  or  in  order  to  make  a 
distress;  and  in  an  assault,  that  he  did  it  out  of  necessity. 

Justification,  in  Theology,  that  ac»  of  grace  which  renders 
a  man  just  in  the  sight  of  (lod,  and  worthy  of  eternal  happi- 
ness. 5'ee  Theology.  Different  sects  of  Christians  hold  very 
different  opinions  concerning  the  doctrine  of  justification  ;  some 
contending  for  justiGcation  by  faith  alone  and  others  by  good 
works. 
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t5  or  k,  the  tenth  letter  of  our  alphabet;  as  a  number  de- 
notes 250,  and  with  a  line  over  it,  250,0(K». 

K.'EMPFERIA.  There  are  two  species,  riz.  K.  galangale  ; 
and  K.  rotunda,  natives  of  the  East  Indies. 

KALEIDOSCOPE,  an  instrument  for  creating  and  exhibit- 
ing an  infinite  variety  of  beautiful  forms,  and  constructed  in 
such  a  manner  as  either  to  please  the  eye,  by  an  ever-varying 
succession  of  splendid  tints  and  symmetrical  forms,  or  to 
enable  the  observer  to  render  permanent  such  as  may  appear 
most  appropriate  for  any  of  the  numerous  branches  of  the 
ornamental  arts. 

This  instrument,  tlio  invention  of  Dr.  Brewster,  in  its  most 
common  form,  consists  of  a  tin  tube,  containing  two  reflecting 
surfaces  inclined  to  each  other,  at  any  angle  which  is  an  ali- 
quot part  of  ;56()°.  The  reflecting  surfaces  may  be  two  plates 
of  glass,  plain  or  quicksilvered,  or  two  metallic  surfaces,  from 
which  the  light  suffers  total  reflection.  The  plates  should  vary 
in  length  according  to  the  focal  distance  of  the  eye  ;  five,  six, 
seven,  eight,  nine,  and  ten  inches,  will  in  general  be  most  conve- 
nient, or  they  may  be  made  only  one,  two,  three,  or  four  inches 
long,  provided  distinct  vision  is  obtained  at  one  end,  by  plac- 
ing at  the  other  an  eye-glass,  whose  focal  length  is  equal  to  the 
length  of  the  reflecting  planes.  The  inclination  of  the  reflec- 
tor that  is  in  general  most  pleasing  is  18",  20°,  or  22i",  or 
the  2()th,  18lh,  and  Kith  part  of  a  circle,  but  the  ))lancs  may  be 
set  at  any  required  angle,  either  by  a  metallic,  a  paper,  or 
cloth  joint,  or  any  other  simple  (•ontrivance.  When  the  two 
planes  are  put  together,  with  their  straightest  and  snioollust 
edge  in  contact,  tliey  will  have  the  form  shewn  in  fig.  1,  where 
ABC  is  the  aperture  or  angle  formed  by  the  plates.  In  this 
figure  the  plates  are  rectangular,  but  it  may  often  he  more  con- 
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venient  to  give  them  the  triangnlar  form  shewn  at  M.  fig.  2,  or 
N.  fis.  3. 

When  the  instrument  is  thus  constructed,  it  may  be  cither 
covered  up  with  paper  or  leather,  or  placed  in  a  cylindrical,  or 
any  other  tube,  so  that  the  aperture  AUC  may  be  left  com- 
pletely open,  and  also  a  small  aperture  at  the  angular  point  D. 
If  the  eye  is  now  placed  at  D,  and  looks  through  the  aperture 
.\  U  C,  it  will  perceive  a  brilliant  circle  of  light,  divided  into 
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as  many  sectors  as  the 
number  of  times  that  the 
angle  of  the  reflectors  is 
contained  in  360°.  If 
this  angle  is  18°.  the  num- 
ber of  sectors  will  be  20°  ; 
and,  whatever  lie  the 
form  of  the  aperture 
AHC.the  luminous  space 
seen  through  the  instru- 
ment will  be  a  figure  pro- 
duced by  the  arrange- 
ment of  twenty  of  these 
apertures  round  C,  as  r 
centre,  in  consequence 
of  the  successive  reflec- 
tions between  the  polished  surfaces.  Hence  it  follows,  that  if 
any  obieet.  how  ever  ugly  or  irregiflar  in  itself,  is  placed  before 
the  aperture  A  15  C,  the  part  of  it  that  can  be  seen  through  the 
aperture  will  be  seen  also  in  everv  sector,  and  every  iniaje  of 
the  objeet  will  coalesce  into  a  form  mathematically  symmetri- 
cal, aiul  hislily  pleasing  to  the  eye.  If  the  ohject  be  put  in 
motion,   the   combination  of  images  will   likewise  be  put  in 
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motion,  and  new  forms,  perfectly  different,  but  equally  sym- 
metrical, will  successively  present  themselves,  sometimes 
vanishing  in  the  centre,  sometimes  emerging  from  it,  and 
sometimes  playing  around  iu  double  and  opposite  oscilla- 
tions. When  the  object  is  tinged  with  different  colours,  the 
mos-t  beautiful  tints  are  developed  in  succession,  and  the  whole 
figure  delights  the  eye  by  the  perfection  of  its  forms  and  the 
brilliancy  of  its  colouring. 

The  motion  of  the  object  may  be  effected  either  by  the  hand 
or  by  a  simple  piece  of  mechanism,  or  the  same  effect  may  be 
produced  by  the  motion  of  the  instrument  o\er  the  object,  or 
round  its  own  axis.  In  the  form  of  the  kaleidoscope  now 
described,  the  object  should  be  held  close  to  the  aperture 
ABC,  and  the  eye  should  be  placed  as  nearly  as  possible  in 
the  line  C  D  ;  for  the  figure  loses  its  symmetry  in  proportion 
as  the  object  recedes  from  ABC,  and  as  the  eye  rises  above 
D.  The  instrument  is  therefore  limited  in  its  present  form  to 
the  use  of  objects  which  can  be  held  close  to  the  aperture. 

In  order  to  remove  the  limitation,  the  tube  which  contains 
the  reflectors  should  slide  in  another  tube,  of  nearly  the  same 
length,  and  having  a  convex  lens  at  its  farther  extremity,  the 
focal  length  of  the  lens  should  be  always  less  than  its  greatest 
distance  from  the  aperture  ABC.  In  general  it  should  be 
about  one-third  or  one-fourth  of  that  distance,  but  it  will  be 
advisable  to  have  two  or  even  three  lenses  of  different  focal 
lengths,  to  fit  into  the  end  of  the  outer  tube,  and  to  be  used 
as  circumstances  may  require,  or  a  variation  of  focal  length 
may  be  produced  by  the  separation  or  approach  of  two  lenses. 
When  the  instrument  is  thus  fitted  up,  it  may  be  applied  to 
objects  at  all  distances  ;  and  these  objects,  whose  images  are 
formed  in  an  inverted  position  at  the  aperture  ABC,  may  be 
introduced  into  the  symmetrical  picture  in  the  very  same  man- 
ner as  if  they  weie  brought  close  to  the  instrument.  Hence 
we  can  introduce  trees,  flowers,  statues,  and  living  animals  ; 
and  any  object  which  is  too  large  to  be  comprehended  by  the 
aperture  ABC  may  be  removed  to  such  a  distance  that  its 
image  is  sufficiently  reduced. 

The  kaleidoscope  is  also  constructed  with  three  or  more 
reflecting  planes,  which  may  be  arranged  in  various  ways. 
The  tints  placed  before  the  aperture  may  be  the  complementary 
colours  produced  by  transmitting  polarised  light  through  regu- 
larly crystallized  bodies,  or  pieces  of  glass  that  have  received 
the  polarising  structure.  The  partial  polarisation  of  the  light, 
by  the  successive  reflections,  occasions  a  partial  analysis  of 
the  transmitted  light;  but,  in  order  to  develop  the  tints  with 
brilliancy,  the  analysis  of  the  light  must  precede  its  admission 
into  the  aperture.  Instead  of  looking  through  the  extremity  I) 
of  the  tube,  the  effects  which  have  been  described  may  be 
exhibited  to  many  persons  at  once,  upon  the  principle  of  the 
solar  microscope  or  magic  lantern ;  and  in  this  w  ay,  or  by  the 
application  of  the  camera  lucida,  the  figures  may  be  accurately 
delineated. 

It  would  be  an  endless  task  to  point  out  the  various  pur- 
poses in  the  ornamental  arts  to  which  the  kaleidoscope  is  appli- 
cable. It  may  be  sufficient  to  state,  that  it  will  be  of  great  use 
to  architects,  ornamental  painters,  plasterers,  jewellers,  carvers 
and  gilders,  cabinet-makers,  wire-workers,  bookbinders,  calico- 
printers,  carpet  manufacturers,  manufacturers  of  pottery,  and 
every  other  profession  iu  which  ornamental  patterns  are 
required.  The  painter  may  introduce  the  very  colours  which 
be  is  to  use;  the  jeweller,  the  jewels  which  be  is  to  ar- 
range, and  in  general  the  artist  may  apply  to  the  instru- 
ment the  materials  which  he  is  to  embody,  and  thus  form  the 
most  correct  opinion  of  their  efl'ect  when  combined  into  an 
ornamental  pattern.  When  the  instrument  is  thus  applied,  an 
infinity  of  patterns  is  created,  and  the  artist  can  select  such  as 
he  considers  most  suitable  to  his  work.  When  a  knowledge  of 
the  nature  and  powers  of  the  instrument  has  been  acquired  by 
a  little  practice,  he  will  be  able  to  give  any  character  to  the  pat- 
tern that  he  chooses,  and  he  may  even  create  a  series  of  different 
patterns,  all  rising  out  of  one  another,  and  returning  by  similar 
gradations  to  the  first  pattern  of  the  series.  In  all  these  cases 
the  pattern  is  perfectly  symmetrical  round  a  centre,  or  all  the 
images  of  the  aperture  ABC  are  exactly  alike,  but  this  sym- 
metry may  be  altered,  lor  after  the  pattern  is  drawn  it  mav  be 
reduced  into  a  square,  a  triangular,  an  elliptical,  or  any  other 


form  that  he  pleases.  The  instrument  will  give  annular  pat- 
terns, by  keeping  the  reflectors  separate,  as  at  A  B,  fig.  4,  and 
it  will  give  rectilineal  ones,  by  placing  the  reflectors  parallel  to 
each  other,  as  in  fig.  5. 


Fig.  4. 


Fig.  5. 


The  kaleidoscope  is  also  an 
instrument  of  amusement,  to 
please  the  eye,  by  the  creatic^ 
and  exhibition  of  beautiful 
forms,  in  the  same  manner  as 
the  ear  is  delighted  by  the  com- 
bination of  musical  sounds. 
When  Custillon  proposed  the 
construction  of  an  ocular  harpsichord,  he  was  mistaken  in 
supposing  that  any  combination  of  harmonic  colours  could 
afford  pleasure  to  the  person  who  viewed  them  ;  for  it  is  only 
when  these  colours  are  connected  with  regular  and  beautiful 
forms,  that  the  eye  is  gratified  by  the  combination.  The  kalei- 
doscope, therefore,  seems  to  realize  the  idea  of  an  ocular 
harpsichord. 

Since  the  above  was  invented,  another  instrument  of  this 
class  has  been  invented  by  Harris  and  Co.  Holborn,  London. 
This  instrument  generally  consists  of  two  tubes,  K  B  and  B  C, 
one  of  which,  3  C,  is  moveable  within  the  other,  C  being  the  end 
next  the  eye,  and  A  the  end  ne.\t  the  object.  The  object  cell 
D  is  made  to  screw  in  the  collar  A,  as  is  also  the  lens  E.  In 
using  the  instrument,  place  the  object  cell  D  in  the  collar  \  as 
far  as  it  can  go,  push  in  the  tube  B  C  completelii,  holding  the 
instrument  so  that  the  sharp  point  of  the  triangular  aperture 


at  C  is  downwards.  The  instrument  being  now  kept  steady  in 
the  hand,  turn  round  the  collar  A,  and  by  placing  the  eye  at  C, 
will  be  seen  a  succ^ession  of  the  most  beautiful  forms  and  pat- 
terns. Hitherto  it  has  been  necessary  to  hold  the  object  as 
close  as  possible  to  the  end  A  of  the  tube,  and  to  pu.sh  in  the 
tube  B  C  as  far  as  it  would  go.  but  the  instrument  is  adapted 
to  create  forms  and  patterns  by  means  of  animate  as  well  as 
inanimate  objects,  placed  at  all  distances  from  the  observer. 
This  great  advantage  is  obtained  by  the  lens  E  and  the  sliding 
tube  B  C.  The  cell  D  is  now  removed,  and  the  lens  E  being 
screwed  into  its  place,  any  object  whatever  may  be  introduced 
into  the  patterns,  merely  by  directing  the  instrument  towards 
it,  and  pulling  out  or  pushing  in  the  tube  B  till  the  pattern  is 
perfect.  When  the  object  is  about  four  inches  from  the  lens, 
the  lube  requires  to  be  pulled  out  as  far  as  possible,  and  for 
greater  distances  it  must  be  pushed  in.  In  looking  at  opaque 
objects,  as  a  seal,  wateh-chain,  the  second  hands  of  a  watch, 
coins,  pictures,  gems,  shells,  flowers,  leaves,  and  petals  of 
plants,  impressions  from  seals,  &c.  Sec.  the  object,  instead  of 
being  held  between  the  eye  and  the  light,  must  be  viewed  in 
the  same  manner  as  we  view  objects  through  a  microscope, 
being  placed  as  near  the  instrument  as  possible,  so  as  to  allow 
the  light  to  fall  freely  upon  the  object. 

In  most  of  the  instruments  there  is,  near  the  middle  of  the 
tube  B  C,  a  mark  which  is  nearly  suited  to  all  distances  beyond 
three  feet.  The  object  cell  D,  held  in  the  band  at  a  distance 
greater  than  five  or  six  inches,  may  be  also  used  w  hen  the  lens 
E  is  in  the  tube.  The  furniture  of  a  room,  books,  and  papers 
laying  on  a  table,  pictures  on  a  wall,  a  blazing  fire,  the  moving 
foliage  of  trees,  &c.  bunches  of  flowers,  horses  and  cattle  in  a 
park,  carriages  in  motion,  the  currents  of  a  river,  moving  in- 
sects, and  in  short,  every  object  in  nature  may  be  introduced 
by  the  aid  of  the  lens,  into  the  figures  created  by  the  instru- 
ment. As  dust  will  (though  the  greatest  care  may  be  observed) 
collect  upon  the  reflectors,  it  is  advised,  that  the  feather  of  a 
quill  (well  scalded,  to  take  out  the  grease)  be  introduced  at  the 
end  of  the  sliding  draw  B  C,  and  drawn  up  and  down  until  they 


REE 


DICTIONARY   OF    MECHANICAL   SCIENCE. 


K  r  L 


na? 


are  clean,  holding  the  apex   of  the  angular  aperture  upward, 
and  the  instrument  a  little  inclined,  the  end  A  downward. 

KALI,  a  genus  of  marine  plants,  which  are  burnt  to  procure 
alkali.     See  Alkali  and  Kelp. 

KAMSIN,  a  hot  southerly  wind  common  in  Egypt  It  pre- 
vails more  or  less  for  fifty  days. 

KANGAROO,  in  Natural  History,  a  singular  animal  found 
in  New  Holland,  It  is  about  the  size  of  a  sheep,  covered  with 
a  short  fur  of  a  dark  mouse  colour.  The  head,  neck,  and 
shoulders,  are  very  small,  when  compared  with  the  oilier  parts 
of  the  body.  The  tail  is  long,  thick  near  the  rump,  and  taper- 
ing towards  the  extremity.  This  animal  has  a  false  belly,  in 
which  its  young  are  carried,  and  secured  from  danger.  The 
fore  legs  are  only  about  eight  inches  long,  while  the  hind  legs 
are  twenty-two.  Its  progress  is  by  jumps  of  great  lengths,  in 
an  erect  position.  The  head  and  ears  have  some  affinity  to 
those  of  a  hare. 

KEBLA,  an  appellation  given  by  the  Mahometans  to  that 
part  of  the  world  where  the  temple  of  Mecca  is  situated, 
towards  which  they  are  obliged  to  turn  themselves  when  they 
pray. 

KECKLING,  or  Kaickling,  the  art  of  winding  or  worming 
old  rope,  &,c.  about  a  cable,  to  pre.serve  its  surface  from  being 
fretted  when  it  rubs  against  a  ship's  bow  or  fore  foot,  but  more 
particularly  it  implies  the  winding  of  iron  chains  round  the 
cable,  to  defend  it  from  the  friction  of  a  rocky  bottom,  or  from 
the  ice. 

KEDGE,  or  KEDGiiR,  a  small  anchor  used  to  keep  a  ship 
steady  and  clear  from  her  bower-anchor  while  she  rides  in  a 
harbour  or  river,  particularly  at  the  turn  of  the  tide,  when  she 
might  otherwise  drive  over  her  principal  anchor,  and  entangle 
the  stock  or  flukes  with  her  slack  cable,  so  as  to  loosen  it  from 
the  ground.  The  kedge  anchors  are  also  used  to  transport  a 
ship,  or  remove  her  from  one  part  of  a  harbour  to  another, 
being  carried  out  from  her  in  the  long  boat,  and  let  go  by 
means  of  ropes  fastened  to  these  anchors.  They  are  also  gene- 
rally furnished  with  an  iron  stock,  which  is  easily  displaced  for 
the  conveniency  of  stowing.     See  Anchor,  Warp,  &c. 

KEEL,  the  principal  piece  of  timber  in  a  ship,  which  is 
usually  first  laid  on  the  blocks  in  building.  By  comparing  the 
carcase  of  a  ship  to  the  skeleton  of  a  human  body,  the  keel 
appears  as  the  back  bone,  and  the  timbers  as  the  ribs.  Ac- 
cordingly the  keel  supports  and  unites  the  whole  fabric,  since 
the  stem  and  stern  posts,  which  arc  elevated  on  its  cn<ls,  are, 
in  some  measure,  a  continuation  of  the  keel,  and  serve  to  con- 
nect and  enclose  the  extremities  of  the  sides  by  transoms,  as 
the  keel  forms  and  unites  the  bottom  by  timbers.  The  keel  is 
generally  composed  of  several  thick  pieces  placed  lengthways, 
which,  alter  being  scarfed  together,  are  boiled  and  clinched 
upon  the  upper  side. 

False  Ki;el,  a  strong  thick  piece  of  timber  bolted  to  the  bot- 
tom of  the  keel,  which  is  very  useful  in  preserving  its  lower 
side.  The  false  keel  is  provided  when  the  thick  |)ieces  which 
form  the  real  keel  cannot  be  procured  large  enough  to  give  a 
sufficient  depth  thereto.  In  large  ships  of  war  the  false  Keel  is 
composed  of  two  pieces,  called  the  upiier  and  lower  false  keels. 
The  lowest  plank  in  a  ship's  bottom.  <'alled  the  garboard  streak, 
has  its  inner  edge  let  into  a  groove  or  channel,  cut  longitudinally 
on  the  side  of  the  keel;  the  depth  of  this  channel  is  therefore 
regulated  by  the  thickness  of  the  garboard  streak. 

KiiiiL,  is  also  a  name  given  to  a  low  llat-bottomed  vessel  used 
in  the  river  Tyne,  to  bring  the  coals  down  from  Newcastle  for 
loading  the  colliers ;  hence,  a  collier  is  said  to  carry  so  many 
keels  of  coals. 

KEEL  Hauling,  a  punishment  inllicted  for  various  offences 
in  the  Dutch  navy.  It  is  performed  by  suspending  the  culprit 
by  a  rope  fromone  yard-arm,  with  a  weightoflead  oriron  upon 
his  legs,  and  having  another  rope  fastened  to  him,  leading  un- 
der the  ship's  bottom,  and  through  a  block  at  its  opposite  >  ard- 
arm  ;  he  is  then  suddenly  let  fall  from  the  one  yard-arm  into 
the  sea,  where,  passing  under  the  ship's  bottom,  he  is  hoisted 
up  on  the  opposite  side  of  the  vessel  to  the  other. — This 
punishment  is  not  altog(  thcr  unknown  in  British  ships,  but, 
as  it  is  dangerous,  it  is  very  rarely,  or  indeed  scarcely  ever, 
now  practised. 

KEELSON,  or  Kelson,  a  piece  of  timber  forming  the  inte- 
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rior  or  counterpart  of  the  keel,  being  laid  upon  the  middle  of 
the  floor  tind)ers  immediately  over  the  keel,  and  serving  to 
bind  and  unite  the  former  to  the  latter,  by  means  of  bmg  bolts 
driven  from  witliout,  and  clinched  on  the  upper  side  of  the 
keelson.  The  keelson,  like  the  keel,  is  composed  of  several 
pieces  scarfed  together  ;  and  in  order  to  fit  with  more  security 
upon  the  floor  timbers  and  crotchets,  it  is  notched  about  an 
inch  and  a  half  deep,  opposite  to  each  of  those  pieces,  thereby 
scored  down  upon  them  to  that  depth,  where  it  is  secured  by 
splkenails.  The  piecs  of  h  Inch  it  is  formed  are  only  half  the 
breadth  and  thickness  of  those  of  the  keel. 

KEEP,  in  ancient  military  history,  a  kind  of  strong  tower, 
which  was  built  in  the  lentre  of  a  castle  or  fort,  to  which  the 
besieged  retreated,  and  made  their  last  ed'orts  of  defence.  It 
is  also  called  the  donjon,  or  dungeon.     See  Castlk. 

To  Kkf.p,  a  term  used  on  several  occasions  in  Navigation, 
as — To  Keep  the  Land  Aboard,  is  to  keep  within  sight  of  land 
as  much  as  possible.  'To  Keep  the  Luff,  or  the  Wind,  to  con- 
tinue close  to  the  wind  ;  ?'.  e.  sailing  with  a  course  inclined  to 
the  direction  of  the  wind  as  much  as  possible.  To  Keep  Off, 
to  sail  at  a  distance  from  the  shore  or  a  ship,  &c.  See  {Tie 
article  Offing. 

KEEPER  i)F  THE  Great  Seal,  is  a  lord  by  virtue  of  his 
office,  and  styled  the  Lord  Keeper  of  the  Great  Seal  of  England. 
He  is  one  of  the  King's  Privy  Council,  &c.  through  whose 
hands  pass  all  charters,  commissions,  and  grants  of  the  king 
under  the  great  seal  ;  without  which,  such  instruments  arc  of 
no  force. 

Keeper  of  the  Prhy  Seal,  is  a  lord  by  virtue  of  his  office, 
through  whose  hands  pass  all  charters  signed  by  the  king  be- 
fore they  come  to  the  great  seal. 

Boat  Keeper,  one  of  the  boat's  crew  who  remains  as  a 
sentinel,  in  his  turn,  to  take  care  of  the  boat  and  her  contents 
when  she  is  ashore,  or  alongside  of  a  ship,  or  is  towed  astern 
of  her. 

KEEPING,  in  Painting,  denotes  the  representation  of  ob- 
jects in  the  same  manner  that  they  appear  to  the  eye  at  dillerent 
distances  from  it,  for  which  the  painter  should  have  recourse 
to  the  rules  of  Perspective.  There  are  two  instances  in  which 
the  famous  Raphael  Urbin  has  transgressed  these  rules :  in 
one  of  his  cartoons,  representing  the  miraculous  draught  of 
fishes,  the  men  in  each  of  the  two  boats  appear  of  full  size, 
the  features  of  their  face  being  strongly  marked  ;  and  the  boats 
are  represented  so  small,  and  the  men  so  big,  that  any  one  of 
them  appears  sufficient  to  sink  either  of  the  boats  by  his  own 
bare  weight ;  and  the  fowls  on  the  shore  are  also  drawn  so  big, 
as  to  seem  very  near  the  eye  of  the  observer,  who  could  not 
possibly,  in  that  case,  distinguish  the  features  of  the  men  in  the 
distant  boats.  Or,  supposing  the  observer  to  be  in  either  of 
the  boats,  he  could  not  see  the  eyes  or  be^ks  of  the  fowls  on 
the  shore. — The  other  instance  occurs  in  his  historical  picture 
of  our  Saviour's  transfiguraiion  on  the  mount;  where  he  is  re- 
presented with  those  who  were  then  with  him,  almost  as  large 
as  the  rest  of  his  disciples  at  the  foot  of  the  mount,  with  the 
father  and  mcither  of  the  boy  whom  they  brought  to  be  cured  ; 
and  the  niotlicr.  though  on  her  knees,  is  more  than  half  as  tall 
as  the  mount  is  high.  So  that  the  mount  appears  only  of  the 
size  ol' a  little  hay-rick,  with  a  few  people  on  its  top,  and  a 
greater  number  at  its  bottom  on  the  ground  ;  in  which  case,  a 
spectator  at  a  liitle  dislania'  could  as  well  distinguish  the  fea- 
tures of  those  at  the  top  as  those  on  the  ground.  But  upon 
any  large  eminence,  deserving  the  name  of  a  mount,  that 
would  be  quite  impossible. 

KEILL,  Dr.  .Ioiin,  an  eminent  mathematician  and  philoso- 
pher, was  born  at  Edinburgh  in  1071  ;  and  studied  in  the  uni- 
versity of  that  city.  Keill  was  author  of  several  works,  but 
was  more  distinguished  in  his  time  for  the  conspicuous  part  he 
took  in  the  dispute  between  Leibnitz  and  Newton  concerning 
the  invention  of  fluxions. 

KELP,  a  term  which  is  used  in  ISiitain  to  signify  the  saline 
substance  obtained  by  burning  seaweed,  which  is  chiefly  em- 
ployed in  the  manufacture  of  green  glass.  Different  species  of 
seaweed,  belonging  to  the  genus  Faeus,  and  order  .\lga?,  are 
cultivated  for  this  purpose.  These  plants  are  thrown  on  the 
rocks  and  shores  in  great  abuiulanee,  and  in  the  summer 
are  raked  together,  and  dried  as  hay  in  the  sun  and  wind,  and 
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afterward  burnt  to  the  ashes  called  lielp.  The  process  of 
making  it  is  thus  : — The  rocks,  wliich  are  dry  at  low  water,  are 
the  beds  of  a  great  quanlity  of  seaweed,  wliich  is  cut,  carried  to 
the  beacli,  and  dried  ;  a  hollow  is  dug  in  the  ground  three  or 
four  feet  wide;  round  its  mar-iin  are  laid  a  row  of  stones,  on 
■which  the  seaweed  is  placed,  and  set  on  fire  within,  and  quan- 
tities of  this  fuel  being  continually  heaped  upon  the  circle,  there 
is  in  the  centre  a  perpetual  (lame,  from  which  a  liquid,  like 
melted  metal,  drops  into  the  hollow  beneath  ;  when  it  is  full, 
as  it  commoidy  is  ere  the  close  of  the  day,  all  heterogeneous 
matter  being  removed,  the  kelp  is  wrought  with  iron  rakes,  and 
brought  to  a  uniform  consistence  in  a  state  of  fusion.  When 
cool,  it  consolidates  into  a  heavy  dark-coloured  alkaline  sub- 
stance, which  undergoes  in  the  glass-houses  a  second  vitrifica- 
tion, and,  when  pure,  assumes  a  perfect  transparency.  See 
Chemistry  and  Soda. 

KENTLEDGE,  pigs  of  iron  for  ballast,  laid  upon  the  floor, 
near  the  keelson,  fore  and  aft. 

Limber  KF,NTLi;DGii,  pigs  of  iron  or  lead,  cast  to  fit  between 
the  floor  timbers,  or  in  the  limbers. 

KEPLER,  John,  a  very  eminent  astronomer  and  mathema- 
tician, was  born  in  tlie  duchy  of  Wirtemberg  in  1571.  To  him  we 
owe  the  discovery  of  the  true  figure  of  the  orbits,  and  the  propor- 
tion of  the  motions  of  the  solar  system.  This  astronomer  had  a 
particular  passion  for  finding  analogies  and  harmonies  in  nature, 
after  the  manner  of  the  Pythagoreans  and  Platonists.  The  great 
sagacity  of  this  astronomer  in  the  planetary  motions,  suggested 
to  him  some  views  of  the  true  principles  from  which  these 
motions  flow.  He  speaks  of  gravity  as  of  a  power  that  was 
mutual  between  bodies  ;  and  says,  that  the  earth  and  moon 
tend  towards  each  other,  and  would  meet  in  a  point  so  many 
times  nearer  to  the  earth  than  to  the  moon,  as  the  earth  is 
greater  than  the  moon,  if  their  motions  did  not  hinder  it.  He 
adds  also,  that  the  tide  arises  from  the  gravity  of  the  waters 
towards  the  moon.  Hut  not  having  notions  sufficiently  just  of 
the  laws  of  motion,  he  was  unable  to  make  the  best  use  of 
these  ideas. 

Kepler's  Laws,  a  term  used  by  astronomers  to  denote  cer- 
tain analogies  between  the  distances  of  the  planetary  bodies 
and  their  limes  of  periodic  revolution,  as  also  between  the  rate 
of  motion  of  any  revolving  body,  whether  primary  or  secondary, 
and  its  distance  from  the  central  body  about  which  it  revolves  ; 
to  whii  h  may  also  be  added,  the  figure  of  the  planetary  orbits, 
and  the  position  of  the  central  body  ;  these,  in  the  order  in  which 
they  were  discovered,  stand  as  follow  s:—l.  Equal  areas  are 
described  in  equal  times  :  that  is,  if  a  line  be  supposed  to  join 
the  central  and  revolving  body,  this  line  passes  over  or  de- 
scribes equal  areas  in  equal  times,  whether  the  planet  be  in  its 
aphelion,  perihelion,  or  any  other  part  of  its  orbit.  2.  The 
planets  all  revolve  in  elliptic  orbits,  situated  in  planes  passing 
through  the  centre  of  the  sun  :  the  latter  body  occupying  one 
of  the  foci  of  the  ellipse.  3.  The  squares  of  the  times  of  revo- 
lution of  the  several  planetary  bodies,  are  as  the  cubes  of  their 
respective  distances  from  the  sun. 

Kepler's  Problem,  is  the  determining  the  true  from  the  mean 
anomaly  of  a  planet,  or  the  determining  its  place  in  the  ellip- 
tic orbit  answering  to  any  given  time;  and  so  named  from  the 
celebrated  astronomer  Kepler,  who  first  proposed  it.  The  ge- 
neral state  of  the  problem  is  this:  to  find  the  position  of  a  right 
line,  which,  passing  through  one  of  the  foci  of  an  ellipse  shall 
cut  olV  an  area,  which  shall  be  in  any  given  proportion  to  the 
whole  area  of  the  ellipse;  which  results  from  this  properly,  that 
such  line  sweeps  areas  that  are  proportional  to  the  times. 

KERMES,  in  Ziiology,  the  name  of  an  insect  produced  in 
the  excrescences  of  a  species  of  the  oak.     Sec  Coccrs. 

Kermes,  mineral,  so  called  from  its  colour,  which  resembles 
that  of  a  vegetable:  kermes  is  one  of  the  antimonial  prepara- 
tions.    See  Chemistry  and  Materia  Medica. 

KERSEY,  John,  an  able  English  mathematician,  who  flou- 
rished towards  the  close  of  the  seventeenth  and  bcginningof  the 
eighteenth  mntury,  and  is  chiefly  known  in  the  scientific  world 
by  his  "  Elements  of  Algebra,"  in  two  vols,  folio,  which  is  an 
ample  and  complete  work,  containing  a  lull  explanation  of  the 
problems  of  Diophantus  ;  he  was  author  likewise  of  "  Dictiona- 
rum  Anglo-Brilanicum,"  or  (icncral  English  Dictionary. 

KETCH,  a  vessel  equipped  with  two  masts,  viz.  the  main- 


mast and  the  mizzen-mast,  and  usually  from  100  to  260  tons 
burden.  Ketches  are  principally  used  as  yachts  for  conveying 
princes  of  the  blood,  ambassadors,  or  other  great  personages, 
from  one  place  to  another.  Ketches  are  likewise  used  as 
bomb-vessels,  and  are  therefore  furnished  with  all  the  appa- 
ratus necessary  for  a  vigorous  bombardment. — Bomb-ketches, 
are  built  remarkably  strong,  as  being  fitted  with  a  greater 
number  of  riders  than  any  other  vessel  of  war;  and  indeed 
this  reinforcement  is  absolutely  necessary  to  sustain  the  vio- 
lent shock  produced  by  the  discharge  of  their  mortars,  which 
would  otherwise  in  a  very  short  time  shatter  them  all  to  pieces. 

KEVELS,  or  Shevils,  a  frame  composed  of  two  pieces  of 
timber,  vihose  lower  ends  rest  in  a  sort  of  step  or  foot,  nailed 
to  the  ship's  side,  from  whence  the  upper  ends  branch  out- 
ward into  the  arms  or  horns,  serving  to  belay  the  sheets  or 
great  ropes  by  which  the  bottoms  of  the  main-sail  and  fore-sail 
are  extended. 

Kevel-Heads,  the  ends  of  the  top  timbers,  which  rising 
above  the  gunnel  serve  to  belay  the  ropes,  or  take  a  round 
turn  to  hold  on. 

KEY,  or  Key  Note,  in  Music,  a  certain  fundamental  note 
or  tone,  to  which  the  whole  of  a  movement  has  a  certain  rela- 
tion or  bearing,  to  which  all  its  modulations  are  referred  and 
accommodated,  and  in  which  it  both  begins  and  ends.  There 
are  but  two  species  of  keys  :  one  of  the  major,  and  one  of  the 
minor  mode  ;  all  the  keys  in  which  we  employ  sharps  or  flats 
being  deduced  from  the  natural  keys  of  C  major  and  A  minor  ; 
of  which  they  are  mere  transpositions. 

KEYS  OF  an  Organ,  moveable  projecting  levers  in  the  front 
of  an  organ,  so  placed  as  to  conveniently  receive  the  fingers  of 
the  performer,  and  which,  by  a  connected  movement  with  the 
valves  or  pallets,  admit  or  exclude  the  wind  from  the  pipes. 
See  Organ. 

Key  Stone  of  an  arch  or  vault,  that  placed  at  the  top  or  ver- 
tex of  an  arch,  to  bind  the  two  sweeps  together.  This,  in  the 
Tuscan  and  Doric  orders,  is  only  a  plane  stone,  projecting  a 
little;  in  the  Ionic,  it  is  cut  and  waved  somewhat  like  consoles; 
and  in  the  Corinthian  and  Composite  orders,  it  is  a  console, 
enriched  with  sculpture. 

Key,  an  instrument  for  the  opening  of  locks.  See  Lock. 
The  invention  of  keys  is  owing  to  one  Theodore  of  Samos, 
according  to  Pliny  and  Polydore  Virgil :  but  this  must  be  a 
mistake,  the  use  of  keys  having  been  known  before  the  siege 
of  Troy  ;  mention  even  seems  made  of  them  in  the  19th  chapter 
of  Genesis.  Molinus  is  of  opinion,  that  keys  at  first  only 
served  for  the  untying  certain  knots  wherewith  mankind 
anciently  secured  their  doors  :  but  there  were  keys,  he  main- 
tains, in  use  nearly  akin  to  our  own  ;  they  consisted  of  three 
single  teeth,  and  made  the  figure  of  an  E ;  of  which  form  there 
are  still  some  to  be  seen  in  the  cabinets  of  the  curious. 

Key,  or  Qiiai/,  a  long  wharf  by  the  side  of  a  harbour  or  river, 
usually  built  of  stone,  and  having  several  store-houses  for  the 
convenience  of  lading  and  discharging  merchant  ships.  It  is 
furnished  with  posts  and  rings,  whereby  ships  may  be  secured, 
as  also  with  cranes,  capstans,  &c.  to  load  or  unload  the  vessels 
which  lie  alongside. 

Keys,  are  also  certain  sunken  rocks,  lying  near  the  surface 
of  the  water,  particularly  in  the  West  Indies. 

KIDNAPPING,  is  the  forcibly  taking  and  carrying  away  a 
man,  woman,  or  child,  from  their  own  country,  and  sending 
them  to  another.  This  is  an  ofl'cnce  at  common  law,  and  pun- 
ishable by  fine,  imprisonment,  and  pillory.  By  statute  11  and  13 
William  III.  c.  7,  if  any  captain  of  a  merchant  vessel  shall 
during  his  being  abroad,  force  any  person  on  shore,  and  wilful- 
ly leave  him  behind,  or  refuse  to  bring  home  all  such  men  as  he 
carried  out,  if  able  and  desirous  to  return,  he  shall  sutt'er  three 
months'  imprisonment.  Exclusive  of  the  above  punishment  for 
this  as  a  criminal  on"encc,  the  party  may  rei^over  upon  an  action 
for  compensation  in  damages  for  the  civil  injury. 

KIEFEKIL,  a  mineral  dug  up  near  Konic,  in  Natolia,  and 
is  employed  in  forming  the  bowls  of  Turkish  tobacco-pipes. 
It  is  found  in  a  large  fissure  six  feet  wide,  in  gray  calcareous 
earth-  When  fresh  dug  it  is  of  the  consistence  of  wax  ;  it  feels 
soft  and  greasy  :  its  colour  is  yellow;  its  specific  gravity  1-600; 
w  hen  thrown  on  the  fire,  it  sweats,  emits  a  fetid  vapour,  becomes 
hard,  and  perfectly  white-     According  to  the  analysis  of  Klap- 
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roth,  it  is  composed  of  60-50  silica;  17-25  magnesia;  2500 
water  ;  500  carbonic  acid  ;  and  50  lime. 

KILDEKKIN,  a  liquor  measure  containing  18  gallons  beer 
measure,  and  16  gallons  ale  measure. 

KILN. — Description  of  a  Vertical  Kiln  for  Drying  Corn.  By 
Mr.  Jamet  Jones,  of  Holborn,  London. — No  subjects  which  can  be 
brought  under  the  consideration  of  society,  combine  more  real 
interest  and  importance  than  those  which  involve  the  production 
and  preservation  of  the  chief  necessaries  of  human  life  ;  in  this 
view,  the  great  value  of  a  speedy  and  effectual  method  of  dry- 
ing grain  is  evident.  The  frequent  occurrence  of  crops  being, 
on  account  of  unfavourable  weather,  necessarily  carried  from 
the  field  in  a  state  of  considerable  humidity,  every  one  must  be 
aware  of;  and  the  consequent  reduction  in  the  value  of  the 
produce,  arising  from  the  deterioration  in  its  quality,  cannot  be 
less  evident.  The  heat  generated  by  the  fermentation  in  the 
heap,  together  wit-li  the  moisture,  causes  germination  to  take 
place  in  the  grains  near  the  surface,  whereby  the  farina  is  de- 
composed, and  the  nutritive  properties  are  in  a  great  measure 
destroyed,  whilst  the  lower  part  becomes  mouldy,  and  acquires 
a  musty  smell,  of  tlic  most  foul  and  disgusting  kind  ;  but  grain 
laid  up  in  a  perfectly  dry  state  suffers  no  change,  and  history 
furnishes  numerous  instances  of  the  discovery  of  ancient  gra- 
naries, wherein  the  corn  has  been  preserved,  in  the  most  perfect 
condition,  for  a  long  series  of  years  ;  which,  had  it  been  stored 
in  a  sta.tfi  of  dampness,  would  have  inevitably  been  destroyed. 
This,  in  the  time  of  wet  harvests,  renders  essentially  necessary 
some  artificial  means  of  speedily  dissipating  the  moisture, 
■which  is  so  destructive  if  alio  wed  to  continue  in  the  grain  ;  and  the 
only  means  of  elfecting  this  object  has  hitherto  been  by  the  use 
of  the  common  kilns,  but  which,  in  very  bad  seasons,  on  account 
of  the  slowness  of  their  operation,  are  not  suOicienlly  numer- 
ous to  answer  the  purpose  to  the  extent  required.  As  an 
appendage  to  large  granaries,  or  corn  stores,  kilns  are  of  in- 
finite utility,  both  as  allording  the  certain  means  of  preserving 
the  grain  from  any  tendency  to  fermentation  whilst  lying  in 
store,  and  fitting  itforwater-carriage  by  that  degree  of  dryness 
which  is  absolutely  necessary  to  prevent  its  heating  on  board, 
where  the  opportunities  of  turning  it  are  so  limited,  if  not  alto- 
gether wanting,  although  the  necessity  of  it  is  increased  ;  and 
to  the  miller  the  use  of  a  kilo  is  not  less  important,  as,  without 
a  certain  degree  of  dryness,  the  wheat  will  not  grind  freely,  it 
clogs  the  stones,  and  good  flour  is  not  produced  ;  and  it  is  a  very 
general  practice  with  millers,  who  possess  the  means,  to  pass 
all  wheat  over  the  kiln  when  the  flour  is  intended  for  water 
carriage ;  at  least,  it  is  the  custom  at  some  mills  ;  and  it  is  well 
known,  that  new  flour  of  the  finest  quality,  when  damp,  has 
a  remarkable  predisposition  to  encourage  the  propagation  of 
those  minute  insects  which  are  destructive  of  its  good  proper- 
ties. From  these  prefatory  remarks  on  mischief  and  loss 
arising  from  wheat  and  grain  being  housed  when  damp,  we 
proceed  to  our  description  of  the  malt  kiln. 

The  common  kiln  is  so  well  known,  that  little  need  be  said  in 
the  way  of  description,  except  to  enable  those  who  are  unac- 
quainted with  its  construction,  to  judge  of  the  comparative 
merits  of  the  old  kiln  and  those  hereafter  described  ;  sullice  it  to 
say,  that  it  consists  of  a  floor,  usually  composed  of  IJridgewaler 
tiles,  which  are  large  square  flat  tiles,  perforated  with  a  great 
number  of  small  holes;  or  otherways  of  iron  plates  perforated 
in  the  same  way  ;  or  of  wove  wire  work,  either  kind  being  sup- 
ported on  iron  bearing-bars  extending  from  wall  to  wall.  Be- 
neath this  floor  or  kiln  head,  as  it  is  frequently  called,  are  built 
four  portions  of  arches  of  brickwork,  which  together  compose 
a  form  somewhat  similar  to  an  inverted  frustum  of  a  pyramid, 
whose  larger  base  is  equal  to  the  area  of  the  floor;  and  in  the 
lesser  base,  which  is  supported  on  low  walls,  is  placed,  at  the 
distance  of  five  or  six  feet  from  the  tiles,  a  fire  composed  of 
coke,  culm,  or  other  suitable  fuel  :  the  heated  air  and  vapour 
from  which  ascends  into  the  pyramidal  space  above  it,  spread- 
ing rather  unequally  over  the  inferior  surface  of  the  floor,  pass- 
ing through  the  perforations  made  in  it,  and  through  the  inter- 
stices between  the  grain,  which  is  spread  in  considerable  thick- 
ness upon  it  ;  the  lower  part  of  the  stratum  thus  necessarily 
gets  considerably  healed,  and  the  humidity  is  evaporated.  Af- 
ter a  lapse  of  time,  dependent  on  the  state  of  the  grain,  it  is 
turned  over  with  a  large  wooden  shovel,  or  scoop,  for  the  pur- 


pose of  removing  those  grains  whicli  were  before  at  the  top, 
nearer  to  the  heated  surface,aud  those  which  are  sufficiently  dried, 
to  the  top  ;  and  is  then  suflered  to  remain  until  it  is  fit  to  be 
turned  again,  if  from  its  previous  damp  slate  that  is  necessary, 
or  to  be  removed  entirely  from  the  kiln,  when  a  fresh  quantity 
is  subniited  to  the  same  operation.  The  length  of  time  it  lies  on 
the  kiln  depends  on  the  proportion  of  moisture  contained  in  the 
grain,  and  varies  from  five  to  eight  or  nine  hours  ;  indeed,  Tull 
stales  the  occasional  necessity  of  extending  it  as  far  as  twelve 
hours.  On  the  kilns  in  use,  previously  to  recent  improvements, 
the  average  time  required  for  the  purpose  was  seven  hours  and 
a  half,  during  which  time  four  quarters  and  a  half  were  dried, 
being  at  the  rate  of  fourteen  quarters  and  a  half  per  day. 

It  must  be  evident  that  a  stratum  of  wheat  several  inches 
thick,  cannot  be  equally  heated  throngh  all  its  parts  in  a  short 
lime,  and,  consequently,  that  the  moisture  which  is  expelled 
from  the  grains  nearest  the  tiles,  by  the  first  effect  of  the  fire, 
in  the  form  of  steam,  must,  in  its  ascent,  be  condensed  and  de- 
posited on  the  colder  grains  which  are  nearer  to  or  at  the  sur- 
face ;  and,  consequently,  so  far  as  regards  the  upper  part  of  the 
stratum,  the  evil  is  doubled,  and  until  the  grain  is  turned  over, 
(unless  that  operation  is  excessively  delayed,)  the  upper  por- 
tion does  not  part  with  any  of  its  previous  or  acquired  mois- 
ture, and  when  it  is  turned,  it  must  be  allowed  to  remain  long 
enough  to  evaporate,  perhaps  twice  its  original  quantity  of  hu- 
midity, during  which  time  the  part  which  was  first  dried  re- 
absorbs much  of  the  moisture  exhaled  from  the  other  grains,  by 
which  the  time  requisite  to  expel  the  whole  is  greatly  extended. 
Whether  any,  or  what  chemical  action  lakes  place,  detrimen- 
tal to  the  flour  in  this  protracted  state  of  humid  heat,  we  are  not 
prepared  to  stale  ;  but  it  will  not  be  doubled  that  the  least 
possible  time  in  whicli  the  purpose  can  be  en"ectcd,  the  less 
chance  there  is  of  injurous  change  ;  and  it  will  be  admitted, 
that  in  those  kilns  healed  by  the  direct  action  of  the  fire,  the 
longer  the  grain  remains,  the  more  it  will  imbibe  of  the  un- 
pleasant eflluvium  arising  from  the  fuel  ;  but  in  kilns  where  the 
drying  is  performed  by  heated  air  alone,  this  objection  does  not 
exist.  The  operation  of  turning  must  obviously  be  an  imper- 
fect and  ineflicient  one,  notnithstanding  every  attention  may 
be  paid  by  the  man  performing  it,  for  it  is  impossible  he  caQ 
turn  the  whole  completely  ;  but,  from  the  circumstance  of  its 
being  an  unpleasant  operation,  ills  seldom  performed  as  eifee- 
tually  as  it  perhaps  might  be;  but  let  the  care  and  attentioa 
employed  be  unlimited,  slill,  from  the  inequalities  of  the  sur- 
face on  wliich  the  grain  lies,  it  is  utterly  impossible  that  the 
turning  can  be  so  complete,  but  that  some  of  the  grains  remain 
undisturbed,  and  much  is  necessarily  again  brought  into  con- 
tact with  the  tiles,  and  therefore  becomes  over  dried,  to  the 
injury  of  the  entire  quantity  ;  and  in  fact  the  experience  of 
every  day  shews  the  ine(|ualily  of  this  mode  of  drying,  as  fre- 
quently, if  not  always,  some  of  the  grains  are  quite  parched, 
whereby  the  quality  of  the  flour  is  much  injured,  while  others 
arc  thrown  ofl  the  kiln  almost  as  damp  as  when  laid  on. 

That  the  imperfections  here  staled  attach  to  the  use  of  the 
common  kiln,  every  person  acquainted  with  the  subject  will 
acknowledge,  and  to  such  persons  the  communication  of  an 
cllectual  remedy  will  not  be  unacceptable. 

In  the  latter  part  of  the  year  18-21,  Mr.  Jones  was  applied  to 
by  John  Snook,  the  proprietor  of  large  mills  at  Hcdhampton, 
Hants,  to  endeavour  to  eflect  some  improvement  in  his  kilns, 
so  as,  if  possible,  to  obviate  the  existing  objections  ;  and 
although  at  that  time  he  was  perfectly  unacquainted  with  the 
subject,  very  little  reflection  sufficed  to  convince  him  that  the 
principles  of  the  old  method  were  bad;  instead  of  attcnipting 
any  alterations  in  the  old  kilns,  after  a  good  deal  of  consider- 
ation, he  proposed  the  adoption  of  one  altogether  new.  both  in 
construction  and  in  the  manner  of  its  operation,  the  exposure 
of  a  very  thin  stratum  of  grain,  an  etiual  temperature,  the  pas- 
sage of  a  large  quantity  of  warm  air,  and  an  uninterrupted  re- 
moval or  turning;  each  of  which  are  iMilispensable  where  per- 
fection is  sought.  This  propiisilion  of  Mr.  Jones  was  approved, 
and  the  first  trial  sufficiently  proved  the  superiority  of  the  new 
method  over  the  old  one,  for  the  work  it  did,  compared  with  one 
of  the  old  kilns,  which  was  at  work  a  few  days  before,  and  with 
the  same  wheat,  was  rather  more  than  as  six  to  one. 

The  drawings  explanatory  of  the  machine  are,  fig.  I,  (see 


540 


K  1  L 


DICTIONARY    OF    MECHANICAL    SCIENCE. 


K   I  L 


plate),  an  elevation,  fig.  2,  a  vertical  section  thronsli  tlie  line  a  b. 
Fig.  3,  a  horizontal  section  through  the  line  cr/,  and  fig.  4,  a 
vertical  section  of  the  fireplace  on  the  line  ef.  The  same  let- 
ters indicate  the  same  parts  in  each  figure.  The  body  of  the 
kiln  is  composed  of  two  concentric  cylinders  A  A  and  B  15, 
closed  at  top  and  bottom  by  two  concentric  cones  C  C  andD  1), 
the  external  cylinder,  and  the  bases  of  its  two  cones,  are  six 
feet  two  and  a  half  inches  diameter,  and  eight  feet  high  ;  tljc 
internal  cylinder  and  its  two  cones  are  six  teet  diameter,  and 
seven  feet  ten  inches  high  ;  having  an  annular  space,  one  inch 
qnd  a  quarter  wide,  between  the  internal  and  external  bodies, 
which  are  perforated  into  iron  plates,  having  2:300  small  holes 
in  each  square  foot.  The  kiln  is  supported  on  five  cast  iron 
columns  E,  B,  E,  E,  E,  six  feet  six  inclies  high,  which  are  at- 
tached at  their  tops  to  a  strong  iron  ring  which  surrounds  the 
base  of  the  cylinder.  From  the  heads  of  these  columns  descend 
along  the  sides  of  the  cone  five  long  bolts  G,  G,  G,  G,  G,  which 
are  passed  through  the  same  number  of  lugs  in  the  cast  iron 
ring  H,  which  surrounds  the  neck  of  the  lower  cone  ;  from  tlie 
same  ring  H  also  proceed  five  slays  I,  I,  I,  f,  I,  which  are  fas- 
tened through  the  middle  of  the  colunms  by  a  nut  on  each  side. 
The  columns  were  made  of  the  height  here  stated,  for  the  pur- 
pose of  enabling  the  wheat  to  be  received  into  sacks,  that  being 
the  most  convenient  under  the  particular  circumstances;  but 
in  a  mill  where  an  elevator  is  near  at  hand,  or  where  it  would 
not  be  inconvenient  to  allow  the  wheat  to  run  on  the  floor,  the 
whole  kiln  might  be  brought  lower  down,  and  as  great  a  length 
of  cylinder  as  the  height  of  the  granary  floor  will  admit  of,  may 
be  used,  as  by  the  graiu  having  a  greater  distance  to  descend, 
the  motion  would  be  more  rapid,  and,  consequently,  the  turning 
will  be  more  complete.  The  body  is  sustained  both  internally 
and  externally  by  iron  hoops  K,  K,  K,  and  the  distance  between 
the  cylinders  is  preserved  by  a  number  of  short  stays.  When 
the  kiln  is  in  operation,  the  annular  space  before  spoken  of  is 
entirely  filled  with  wheat,  by  means  of  the  spout  W,  from  the 
granary,  which  keeps  up  a  constant  supply  as  fast  as  its  exit 
is  allowed  at  the  discharging  spout  X,  the  opening  of  which  is 
governed  by  a  regulator,  being  adjusted  to  the  time  requisite  to 
evaporate  the  moisture. 

In  the  front  of  the  kiln  is  cut  out  a  space  L,  M,  N,  O,  P,  in 
which  is  fixed  the  fireplace  L,  M,  O,  P,  in  which  Q  is  the  fire- 
liole,  and  R,  R,  are  openings  with  doors,  for  the  purpose  of 
cleaning  the  flues  ;  S  is  the  ash  hole,  and  T  the  fire  bars.  On 
reference  to  the  sections,  it  will  be  seen  that  there  are  vertical 
air-passages,  round  which  the  flame  and  heat  of  the  fuel  circu- 
late to  the  risht  and  left,  until  they  reach  the  chimney,  which 
rises  through  nearly  the  centre  of  the  kiln  ;  the  course  of  the 
flame  is  evident,  by  the  direction  of  the  arrows,  and  in  its  pas- 
sage to  the  chimney  it  very  powerfully  heats  the  plates  which 
form  the  sides  of  the  air-passages,  and  occasions  a  constant 
rush  of  hot  air  through  them  into  the  body  of  the  kiln.  The 
whole  of  the  fireplace  being  enclosed  within  the  kiln,  it  is  en- 
tirely surrounded  (excepting  in  the  front)  by  a  thin  shell  or 
casing  of  grain  ;  and,  from  its  perfect  insulated  situation,  no 
part  of  its  heat  can  escape,  without  having  first  performed  its 
destined  office.  The  triangular  space  or  opening  immediately 
over  the  fireplace  answers  two  purposes,  the  riiicf  of  which  is, 
diverting  the  wheat,  as  it  descends,  from  coming  too  near  the 
fire,  whereby  it  would  be  parched,  and  it  affords  a  convenient 
entrance  into  the  kiln  when  requi-iite.  The  front  part  of  tlie  fire- 
place is  supported  on  the  heacis  of  the  two  front  columns,  and 
the  hinder  part  within  the  kiln  by  the  pillar  </,  the  top  of  which 
is  fixed  in  a  socket  in  a  bearing-bar  across  the  bottom  of  the 
fire  place,  and  the  lower  end  stands  in  a  cup  in  the  intersection 
of  an  iron  cross,  which  rests  in  the  ring,  H,  before  mentioned, 
and  the  weight  of  the  fireplace  (nearly  15  cwt.)  is  consequent- 
ly sustained  by  the  bolts  G,  G,  which  descend  tVom  the  heads 
of  all  the  columns. 

From  this  description,  together  with  the  drawing,  the  con- 
struction will  be  easily  understood  ;  and  few  words  will  be  re- 
quisite to  explain  its  operation.  The  fire  ha\ing  been  lighted, 
the  wheat  is  admitted  from  the  granary,  the  regulator  at  bottom 
being  for  a  few  minutes  kept  shut;  when,  the  annular  space  be- 
ing full,  the  only  way  the  warm  air  contained  in  the  upper  part 
of  the  kiln  can  escape,  is  through  the  holes  in  the  iron,  and  the 
interstices  between  the  grains  ;  and  as  the  stratum  or  shell  of 


wheat  is  so  thin,  the  passage  of  air  is  very  rapid,  and  con.se- 
quently  the  moisture  is  taken  up  by  it,  and  carried  off  with  the 
utmost  celerity.  With  regard  to  the  motion  or  stirring  it  un- 
dergoes, a  few  words  may  be  requisite.  The  apex  of  the  cone 
(where  the  wheat  enters)  has  the  greatest  heat ;  here  it  is  in  a 
state  of  constant  diverging  motion,  rapid  where  the  heat  is 
greatest, and  progressively  sloweras  thetemperature  diminish- 
es, until  it  reaches  the  cylinders,  where  the  motion  becomes 
equable.  Here  the  wheat  would  perhaps  descend  bodily,  but 
the  roughness  left  by  the  punching  of  the  holes  in  the  iron  plate, 
is  highly  useful,  as  the  little  resistance  it  oflers  to  the  grain 
sliding  down  produces  a  constant,  slow,  rolling  intestine  motion, 
whereby  every  individual  grain  is  exposed  to  the  same  degree 
of  temperature  ;  it  then  again  converges  in  the  lower  cone,  pro- 
ducing the  same  turning  and  mixing  motion,  as  in  the  upper 
cone,  and  ultimately  escapes  through  the  spout  at  the  bottom 
either  into  sacks  or  on  the  ground,  as  may  be  desired.  Evapo- 
ration is  at  first  strongly  excited,  and  then  gently  kept  up  by  a 
progressively  decreasing  temperature,  as  the  grain  descends 
towards  the  discharging  spout;  during  the  time  the  kiln  is  at 
work,  the  operation  of  screening  is  to  a  certain  extent  constant- 
ly going  on,  by  which  much  of  the  dust,  seed,  insects,  and  other 
extraneous  matters,  are  separated  ;  and  it  is  well  known  that 
grain  cannot  be  too  well  screened  from  all  impurities  previous 
to  storing,  as  its  perfect  preservation  depends  much  on  that 
circumstance.  The  rapidity  of  its  operation  is  such,  that  the 
grain  flows  from  it  perfectly  dried,  at  the  rate  of  29  loads, 
or  145  quarters,  per  day  ;  which  can  only  be  accounted  for 
by  the  circumstance  of  the  aqueous  vapour  being  carried  clear 
away  at  once,  without  any  part  of  it  being  deposited  on  other 
grains,  and  from  the  great  quantity  and  rapidity  of  the  cur- 
rent of  warm  air  which  constantly  passes  between  the  grains, 
taking  np  the  humidity  as  fast  as  it  is  converted  into  vapour. 
It  is  dried  with  perfect  equality,  and  above  all,  the  quantity 
dried  is  six  or  seven  times  as  great  ashy  the  common  method  ; 
for  the  kiln  which  was  removed  to  make  room  for  the  new  one, 
dried  (as  before  stated)  on  the  average,  fourteen  quarters  and 
a  half  per  day,  the  medium  quantity  being  95  quarters:  then 
as  95  :  14-5::G'5:1.  Or  if  we  take  the  quantities  before  men- 
tioned, the  proportion  will  be  as  ten  to  one.  For  as  145 :  14'5  :  : 
10:  1.  This  to  the  corn-merchant  is  an  advantage  of  much 
importance,  as  frequently,  on  sudden  changes  of  the  markets, 
it  is  desirable  to  ship  the  grain  with  the  utmost  despatch,  but 
the  shipment  is  often  much  delayed  by  the  necessity  of  kiln- 
drying  the  cargo  previous  to  loading  the  vessels  ;  by  which 
delay,  arising  from  the  tardiness  of  the  common  operation,  the 
advantages  of  a  good  market  are  not  unfrequently  lost. 

Improved  Malt  Kilns  for  drying  M(dt  by  /anted  Air. — The 
common  malt  kiln  is  a  square  building,  widening  gradually 
within  from  the  fireplace  to  the  floor  on  which  the  malt  is  laid. 
It  may  be  compared  to  an  inverted  pyramid  having  a  fireplace 
in  its  vertex,  and  its  base  covered  by  a  floor,  on  which  the  malt 
is  dried  by  the  heat,  and  more  or  less  smoke,  which  ascends 
from  the  fire  beneath.  The  floor,  as  we  have  described  it,  con- 
sists of  iron  bars  covered  by  tiles,  which  have  large  holes  made 
nearly  through  them  from  the  lower  side,  and  then  very  small 
holes  pricked  quite  through.  In  some  kilns,  webs  of  wire 
covered  with  hair  cloth,  are  used  instead  of  the  perforated  tiles. 
The  fuel  commonly  used  is  cither  coke,  or  Welsh  stone  coal 
— sometimes  wood — and  the  hot  air  that  passes  through  the 
malt  has  previously  passed  through  the  naked  fire  ;  but  in  the 
improved  kilns,  of  which  we  have  given  engravings,  from  the 
Parliamentary  Report  on  the  Distilleries  in  Scotland,  the 
smoke  and  fumes  of  the  fuel  are  prevented  from  coming  to 
the  malt ;  the  air  that  dries  it  receiving  its  heat  in  passing 
through  a  heated  cast-iron  tube. 

Fig.  1.  (see  plate)  is  a  front  view  of  an  improved  malt  kiln, 
in  which  a  a,  is  the  furnace  door,  b  the  fire,  through  which  the 
air  rises,  the  grate  being  of  the  common  kind;  c  a  cast-iron 
tube,  which  passing  through  the  fire,  and  having  one  end  open 
to  the  external  air.  and  the  other  open  into  the  kiln,  conveys 
heated  air  to  the  grain  ;  d.  a  flue  around  the  fire,  in  which  air  is 
also  heated  and  conveyed  to  the  grain  ;  e,  the  ash  pit ;  /,  the 
chimney. 

Fig.  2.  A  side  view  of  a  malt  kiln,  in  which  the  grain  is  dried 
by  heated  air,  as  in  fig.  1,  but  in  which  the  air  necessary  for 
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combustion  of  the  fuel  descends  through  the  grate  ;  a,  the  fire  ; 
h,  the  grate  ;  e,  the  door  of  the  furnace  ;  d,  the  door  of  the  ash 
pit ;  e,  the  air  tube  ;  /,  the  ash  pit ;  tj,  the  end  of  the  air  tube 
entering  the  space  below  /i,  the  liiln  head,  which  is  composed 
of  the  tiles  perforated  with  small  holes,  lying  on  the  joists  i, 
and  supporting  the  malt/;;  //,  the  windows,  through  which  a 
current  of  air  may  freely  enter  or  escape  ;  wi,  the  air  outlets 
above.-  If  a  distiller  finds  his  buildings  so  relatively  situated 
that  he  can  lead  the  air  cylinder  of  his  malt  kiln  through  tlie 
flue  of  his  still  or  mash  boiler  furnace,  the  expense  of  fuel  for 
drung  malt  may  be  saved. 

KINDRED.     5'ee  iNHiilUTANCE. 

KING.  The  executive  power  in  Great  Britain  and  Ireland  is 
vested  in  a  single  person.  Formerly,  the  succession  being  in- 
terrupted, there  was  occasionally  a  distinction  between  a  right- 
ful king,  or  king  dejure,  and  a  king  in  possession  of  the  throne, 
or  king  de  facto ;  but  it  seems  now  only  necessary  to  consider 
the  rightful  power  and  authority  of  the  king,  lawfully  and 
peaceably  in  possession  of  the  throne.  And  in  this  country 
the  crown  is  by  common  law  hereditary  in  a  peculiar  manner, 
but  not  dc  jure  dicino  ;  and  it  may  be  changed  into  the  limita- 
tion of  its  descent  by  the  authority  of  the  king,  lords,  and  com- 
mons in  parliament  assembled,  but  it  is  not  elective.  It  de- 
scends regularly  to  lineal  descendants  by  right  of  primogeniture, 
but  in  case  of  no  male  heir,  it  descends  to  the  eldest  daughter 
only,  and  to  her  issue,  and  not  in  coparcenary  to  all  the  daugh- 
ters. In  failure  of  lineal  heirs,  it  goes  to  collateral  descend- 
ants, but  there  is  no  failure  on  account  of  half  blood.  Lands 
also  purchased  by  the  king  descend  with  the  crown.  The  in- 
heritance is  not  indefeisible,  but  may  be  altered  as  above. 
But,  however  limited  or  transferred,  it  still  retains  its  heredita- 
ble  quality  to  the  wearer  of  it,  and  hence  the  king  never  dies,  but 
his  right  vests  eo  instanti  in  his  heir.  If  the  throne  becomes 
vacant,  whether  by  abdication,  as  in  the  time  of  James  II.  or 
by  failure  of  all  heirs,  the  two  houses  of  parliament  may  dispose 
of  it.  It  is  now  limited  to  the  heirs  of  the  princess  Sophia, 
grand-daughter  of  James  I.  being  protestant,  and  married  to 
protestants. 

To  assist  the  king  in  the  discharge  of  his  duties  and  mainte- 
tenance  of  his  dignity,  and  exercise  of  his  prerogative,  he  has 
several  councils,  as  the  Parliament,  his  Peers,  and  his  Privy 
Co«nci7,  which  see.  For  law  matters,  the  judges  are  his  council. 
The  principal  duty  of  the  king  is  to  govern  his  people  according 
to  law  ;  and  in  consideration  of  the  duties  incumbent  on  him, 
his  dignity  and  prerogative  are  established  by  the  laws  of  Ihe 
land ;  it  being  a  maxim  in  the  law,  that  protection  and  subjec- 
tion are  reciprocal.     .SVe  Pkekogative. 

KING  at  Arms,  or  of  Arms,  an  oflirer  who  directs  the  lie- 
ralds,  presides  al  their  chapters,  and  has  the  jurisdiction  of 
armory.  There  are  three  kings  of  arms  in  England,  viz.  Garter, 
Clarencieux,  and  Norrt/,  and  one  for  Scotland,  viz.  Lyon. 

King's  Bench,  is  the  supreme  court  of  common  law  in  Eng- 
land: and  so  calle<l,  because  the  king  used  to  sit  therein 
person;  it  eonsists  of  a  chief  justice,  and  three  puisne  justices, 
who  are  by  their  ollice  the  sovereign  conservators  of  the  peace, 
and  supreme  coroners  of  the  land.  This  court  has  a  peculiar 
jurisdiction,  not  only  over  all  rnpital  olfences,  but  also  over  all 
other  misdemeanors  of  a  public  nature,  tending  either  to  a 
breach  of  the  peace,  or  to  oppression  or  faction,  or  any  manner 
of  misgovernment.  It  has  a  discretionary  power  ofinflicling 
exemplary  punishment  on  oll'enders,  either  by  fine,  imprison- 
ment, or  other  infamous  punishment,  as  the  nature  of  the  crime, 
considered  in  all  its  circumstances,  shall  require. 

The  jurisdiction  of  this  court  is  so  transcendent,  that  it 
keeps  all  inferior  jurisdictions  within  Ihe  bounds  of  their  autho- 
rity ;  and  it  may  either  remove  their  proceedings  to  be  detiT- 
mined  here,  or  prohibit  their  progress  below  ;  it  superintends 
all  civil  corporations  in  the  kingdom  ;  commands  magistrates 
and  others  to  do  what  their  duty  requires,  by  mandamus,  in 
every  case  where  there  is  no  specific  remedy  ;  protects  the 
liberty  of  the  subject,  by  speedy  and  summary  interposition  ; 
and  takes  cognizance  both  of  criminal  and  civil  causes,  the 
former  in  what  is  called  the  crown  side,  or  crown  ollice,  the  lat- 
ter in  the  [ilea  side  of  the  court.  This  court  has  cognizance, 
on  the  plea  side,  of  all  actions  of  trespass,  or  other  injury 
alleged  to  be  commited  ii  ct  armis ;  of  actions  for  forgery  of 
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deeds,  maintenance,  conspiracy,  deceit  ;  and  actions  on  tlte 
case,  which  allege  any  falsity  or  fraud.  In  proceedings  in  this 
court  the  defendant  is  arrested  for  a  supposed  trespass,  which 
in  reality  he  has  never  committed,  and  being  thus  in  the  custo- 
dy of  the  marshal  of  this  court,  the  plaintiff  is  al  liberty  to 
proceed  against  him  for  any  other  personal  injury,  which  sur- 
mise of  being  in  the  custody  of  the  marshal  the  defendant  is  not 
at  liberty  to  dispute.  This  court  is  likewise  a  court  of  appeal, 
into  which  may  be  removed,  by  writ  of  error,  all  determinations 
of  the  court  of  Cumaiun  I'leas,  and  of  all  inferior  courts  of  re- 
cord in  England. 

King's  Pahice.  The  limits  of  the  king's  palace  at  Westmin- 
ster extend  from  Charing-cross  to  Westminster-hall,  and  have 
such  privileges  as  the  ancient  palaces. 

KINK,  a  sort  of  twist  or  turn  in  any  cable  or  rope,  occa- 
sioned by  its  being  very  stifl',  or  close  laid,  or  by  being  drawn 
(00  hastily  out  of  the  roll  or  tier  in  which  it  was  coiled.  Ste 
the  article  CoiLlNG. 

KIRCHER,  Athanasius,  a  celebrated  mathematician,  was 
born  at  Fulde  in  IfiOl.  He  wrote  an  immense  number  of 
books,  amounting  altogether  to  twenty-two  volumes  folio,  ele- 
ven quarto,  and  three  octavo.  It  must,  hosvever,  be  allowed, 
that  their  utility  bears  no  proportion  to  their  magnitude,  and  it 
would  therefore  be  useless  to  give  a  catalogue  of  them  in  this 
work,  as  there  is  no  one  of  them  but  has  been  superseded  by 
later  authors.     Kircher  died  in  1G80,  in  his  80th  year. 

KITE,  Captain  Dansey's,  for  elTceling  a  communication 
between  a  stranded  ship  and  the  shore,  or  under  other  cir- 
cumstances, where  badness  of  weather  renders  the  ordinary 
means  impracticable.  A  sail  of  light  canvass  or  holland,  is  cut 
to  the  shape,  and  adapted  for  the  application  of  the  principles 
of  the  common  Hying  kite,  after  the  manner  in  «liii-h  Dr. 
Franklin  used  to  swim  on  his  back  in  water ;  anil  is  launched 
from  the  vessel  or  other  point  to  windward  of  the  space  over 
which  a  communication  is  required,  and  as  soon  as  it  appears 
to  be  at  a  sufficient  distance,  a  very  simple  and  eflieaeious 
mechanical  apparatus  is  used,  to  destroy  its  poise,  and  cause 
its  immediate  descent;  the  kite  remaining,  however,  still 
attached  to  the  line,  and  moored  by  a  small  anchor  with  which 
it  is  equipped.  The  kite  during  its  flight  is  attached  to  the  line 
by  two  cords  placed  in  the  usual  manner,  which  preserve  its 
poise  in  the  air;  and  to  cause  its  descent,  a  messenger  is  cm- 
ployed,  made  of  wood,  with  a  small  sail  rigged  to  it.  The  line 
being  passed  through  the  cylindrical  hole  of  this  messenger, 
the  wind  takes  it  rapidly  up  to  the  kite,  where,  striking  against 
a  part  of  the  apparatus,  it  releases  the  upper  cord,  and  by 
that  means  the  head  of  the  kite  becomes  reversed,  and  it 
descends  with  rapidity.  In  the  experiments  made  by  Captain 
Dansey,  with  a  view  of  gaining  a  communication  with  a  lee- 
shore,  under  the  supposition  of  no  assistance  being  there  at 
hand,  a  grapnel,  cojisisting  of  four  spear-shaped  iron  spikes, 
was  fixed  to  the  head  of  the  kite,  so  as  to  moor  it  in  its  fall  ; 
and  in  this  emergency,  the  attempt  of  some  person  to  get  on 
shore  along  the  line,  would  be  the  means  resorted  to.  In  those 
cases  where  a  eommuniealion  has  been  gained,  and  the  main- 
tenance of  a  correspondence  has  been  the  object,  the  person  to 
windward  has  attached  a  weight  to  the  messenger,  in  some 
cases  as  much  as  three  pounds,  which,  having  been  carried  up, 
has  of  course  descended  with  the  kite  ;  the  person  to  leeward 
has  then  furled  the  sail  of  the  messenger,  and  loaded  it  with 
as  much  weight  as  Ihe  kite  could  lift,  then  replacing  the  appa- 
ratus, and  exposing  the  surface  of  the  kite  to  the  direct  action 
of  the  Hind,  it  has  rapidly  risen,  the  messenger  running  down 
the  line  to  windward  during  its  ascent.  The  kite  wi.h  which 
the  Captain  performed  the  greater  part  of  his  experimenis, 
extended  1100  yards  of  line  J  of  an  inch  in  circumference,  and 
would  have  extended  more,  had  it  been  at  hand.  It  also 
extended  .'itiO  yards  of  line  I J  inch  in  circumference,  and 
weighing  60  lbs.  The  holland  weighed  :5J  lbs. ;  Ihe  spars,  one  of 
which  was  armed  at  the  head  with  iron  spikes,  lor  the  purpose 
of  mooring  it,  Cj  lbs.,  and  the  tail  Has  live  limes  its  length, 
composed  of  8  lbs.  of  rope  and  11  lbs.  of  elm  plank-  Captain 
Dansey  has  deposited  a  complete  apparatus  with  the  Society 
of  .\rts,  who  have  very  properly  presented  him  with  iheir  gold 
Vulcan  medal,  for  his  valuable  invention  and  communiralion. 

KN.\FSACK,  a  rough  leather  or  canvass  bag,  which  is  strap- 
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ped  to  an  infantry  soldier's  back  when  lie  marches,  and  wliicli 
contains  his  necessaries.  Square  knapsacks  are  supposed  to  be 
most  convenient.  They  should  be  made  with  a  division  to  hold 
the  shoes,  blackin2;-balls,  and  brushes,  separate  (rom  the  linen. 

KNEADING  Mill,  is  a  contrivance  by  which  large  quanti- 
ties of  (lour  are  mixed  and  incorporated  into  dough,  in  place  of 
kneading  it  with  the  baker's  feet,  or  by  a  larfre  spatula.  The 
kneading  mill  docs  this  business  very  completely,  with  a  great 
saving  of  time  and  labour.  It  is  used  at  the  public  baking- 
houses  of  Genoa. 

A,  in  fig.  4.  is  a  frame  of  wood  which  supports  the  axis 
of  the  machine;  a  wall  14  palms  high  from  the  ground  may 
be  made  wse  of  instead  of  this  frame.  B,  a  wall  three  palms 
and  a  half  thick,  through  which  the  aforesaid  axis  passes.  C, 
another  wall  similar  to  the  former,  and  facing  it,  at  the  distance 
of -21  palms.  D,  the  axis,  thirty  palms  in  length,  and  one  palm 
and  one-third  in  thickness.  E,  the  great  wheel,  fixed  to  the 
said  axis,  between  the  frame  and  the  wall ;  its  diameter  is  28 
palms,  and  its  breadth,  which  is  capable  of  holding  two  men 
occasionally,  is  five  palms.  F,  are  steps,  by  treading  on  which 
the  men  turn  the  wheel  very  smartly  ;  they  are  two  palms  dis- 
tant from  each  other,  and  one  third  of  a  palm  in  height.  G,  a 
small  wheel  with  cogs  fixed  almost  at  the  further  extremity  of 
the  axis  :  its  diameter  is  1-2|  palms.  H,  a  beam  of  wood  which 
extends  from  one  w  all  to  the  other  ;  being  21  palms  in  length, 
and  one  and  a  third  in  thickness.  A  similar  beam,  not  seen  in 
the  figure,  is  on  the  opposite  side  of  the  axis.  I,  a  transverse 
piece  of  wood,  placed  near  the  wall  C  ;  it  is  fixed  i.ato  the  two 
beams,  and  serves  to  support  the  further  extremity  of  the  axis  : 
its  length  is  14  palms,  and  its  thickness  one  and  a  third  :  there 
is  likewise  a  transverse  piece,  which  cannot  be  seen  in  the 
figure,  14  palms  long,  and  half  a  palm  thick,  placed  close  to  the 
wall  B.  K  is  a  strong  curved  piece  of  oak,  fixed  transversely 
in  the  side  beams  H,  to  receive  the  axis  of  the  trundle;  its 
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length  is  14  palms,  and  its  thickness  IJ.  L  is  a  trundle  of  5^ 
palms  in  diameter,  and  IJ  in  height,  which  is  moved  by  the 
cogged-wheel  G.  M  is  an  axis  proceeding  from  the  trundle  L, 
and  continued  through  the  cross  N  to  the  bottom  of  the  fub  P  ; 
the  centre  is  made  of  iron,  partly  square  and  partly  round,  and  it 
turns  in  a  socket  of  brass.  The  first  part  of  this  axis  between 
the  trundle  L,  and  the  cross  N,  is  of  square  iron,  surrounded 
by  two  pieces  of  wood,  held  together  by  iron  hoops,  which  may 
be  removed  at  pleasure,  to  examine  the  iron  within  ;  its  length 
is  three  palms,  its  diameter  about  one  palm.  The  second  part  of 
the  axis,  which  is  within  the  tube,  is  made  like  the  first  part; 
its  height  is  IJ  palm,  its  diameter  IJ.  The  wooden  sheath  of 
this  part  of  the  axis  is  fixed  to  the  bottom  of  the  tub,  by  means 
of  three  screws  with  their  nuts.  The  axis  is  distant  one-third 
of  a  palm  from  the  nearest  triangular  beater  of  the  cross.  N, 
the  cross  formed  of  two  bars  of  wood  unequally  divided,  so  that 
the  four  arms  of  the  cross  arc  of  different  lengths:  one  of  the 
two  pieces  of  wood  of  which  the  cross  is  made,  is  six  palms  in 
length,  the  other  five:  their  thickness  is  -f,  of  a  palui,  and  their 


breadth  one  palm.  O,  four  pieces  of  wood,  called  beai-rs,  of  n 
triangular  shape,  fixed  vertically  into  the  extremities  of,  and 
underneath,  the  arms  of  the  fore-mentioned  cross:  they  are  If 
palms  in  length,  and  half  a  palm  in  thickness;  and  beat  or 
knead  the  dough  in  the  tub  at  an  equal  distance  from  the  cen- 
tre. P  is  a  slout  wooden  tub  about  a  quarter  of  a  palm  thick, 
well  hooped  with  iron  ;  its  diameter  is  six  palms,  its  height  IJ  in 
the  clear. 


Fig.  2. 


Fig.  2,  is  a  box  or  trough 
of  wood,  four  palms  long,  and 
three    wide,   in    which    the 
leaven   is  formed  (in   about 
an  hour)  in  a  stove,  and  in 
which  it  is  afterwards  car- 
ried to  tlie  tub  P.     Fig.  3, 
exhibits  a  view  of  the  trundle,  cross,  &e.  with  a  section  of  the 
tub.     Fig.  4,  is  a  bird's  eye  view  of  the  cross  and  tub,  with  the 
upper  ends  of  the  triangular  beaters. 

This  tub,  P,  will  contain  18  rubbi  (about  19  bu.shels)  of  flour, 
which  is  carried  to  it  in  barrels  ;  the  leaven  is  then  caJ-ried  to 
it  in  the  box  or  trough,  fig.  2,  and  when  the  whole  is  tempered 
with  a  proper  quantity  of  warm  water,  the  men  work  in  the 
wheel  till  the  dough  is  properly  and  completely  kneaded.  In 
general  a  quarter  of  an  hour  is  sulFicient  to  make  very  good 
dough  ;  but  an  experienced  baker,  who  superintends,  deter- 
mines that  the  operation  shall  be  continued  a  few  minutes 
more  or  less,  according  to  circumstances.  The  measures  in 
the  preceding  description  are  given  in  Genoese  palms,  each  of 
w  hicb  is  very  nearly  equal  to  9'8.5  of  our  inches.  The  machine- 
ry may  bevaricd  in  its  construction  accordingto  circumstances, 
and  the  energy  of  the  first  mover  much  better  applied  than  by 
men  walking  in  a  common  wheel. 

Fig.  4. 


KNECK,  the  twisting  of  a  rope  or  cable  as  it  is  veering  out. 

KNEE,  a  crooked  piece  of  timber  having  two  branches  or 
arms,  and  generally  used  to  connect  the  beams  of  a  ship  with 
her  sides  or  timbers.  The  branches  of  the  knees  form  an 
angle  of  greater  or  smaller  extent,  according  to  the  mutual 
situation  of  the  pieces  which  they  are  designed  to  unite.  One 
branch  is  securely  bolted  to  one  of  the  deck-beams,  and  the 
other  in  the  same  manner  strongly  attached  to  a  corresponding 
timber  in  the  ship's  side.  Besides  the  great  utility  of  knees  in 
connecting  the  beams  and  timbers  into  one  compact  frame, 
they  contribute  greatly  to  the  strength  and  solidity  of  the  ship, 
in  the  ditferent  parts  of  her  frame  to  which  they  are  bolted, 
and  thereby  enable  her,  with  great  firmness,  to  resist  the  effects 
of  a  turbulent  sea.  In  fixing  of  these  pieces,  it  is  occasionally 
necessary  to  give  an  oblicpie  direction  to  the  vertical  or  side 
branch,  in  order  to  avoid  the  range  of  an  adjacent  gun-port,  or 
because  the  knee  may  be  so  shaped  as  to  require  this  dispo- 
sition, it  being  sometimes  difficult  to  procure  so  great  a  variety 
of  knees  as  may  be  necessary  in  the  construction  of  a  number 
of  ships  of  war.  In  France,  the  scarcity  of  these  pieces  has 
frequently  obliged  their  shipwrights  to  foim  their  knees  of  iron. 

DagijiT  Kxi:es,  are  those  which  are  fixed  rather  obliquely,  to 
avoid,  as  above  mentioned,  an  adjacent  "gun-port,  or  where, 
from  the  vicinity  of  the  next  beam,  there  is  not  space  for  the 
arms  of  two  lodging  knees. — Hanging  Knees,  are  those  which, 
from  their  situation  under  a  deck,  appear  to  support  the 
beams. — Iron  Knees,  are  frequently  used  in  all  the  various 
applications  instead  of  wooden  ones,  particularly  in  the  French 
ships,  on  account  of  the  scarcity  of  timber  fit  for  the  purpose. — 
Lodging  Knees,  arc  fi.xed  horizontally  in  the  ship's  liamc,  liav- 
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in^  one  arm  bolted  to  the  beam,  and  the  other  across  two  or 
three  of  the  timbers. — Standard  Knees,  are  those  which,  being 
upon  a  deck,  have  one  arm  bolted  down  to  it,  and  the  other 
pointing  upwards,  secured  to  the  ship's  side;  such,  also,  are 
the  bits  and  channels. — Transom  Knees-     See  Tr\nsom. 

Knee  of  the  Head,  a  large  flat  piece  of  timber,  fixed  edg;e- 
ways  upon  the  foremost  part  of  a  ship's  stem,  and  supporting 
the  ornamental  figure  or  image  placed  under  the  bowsprit. 
The  knee  of  the  bead,  which  may  properly  be  defined  a  conti- 
nuation of  the  stem,  as  being  prolonged  from  the  stem  for- 
wards, is  extremely  broad  at  the  upper  part,  and  accordingly 
composed  of  several  pieces  united  into  one.  It  is  let  into  the 
head,  and  secured  to  the  ship's  bows  by  strong  knees  fixed 
horizontally  upon  both,  and  called  the  cheeks  of  the  head. 
The  heel  of  it  is  scarfed  to  the  upper  end  of  the  fore-top,  and 
it  is  fastened  to  the  stem  above  by  a  standard  knee.  Besides 
supporting  the  figure  of  the  head,  this  piece  is  otherwise  use- 
ful as  serving  to  secure  the  boom  or  bumkin,  by  which  the  fore- 
tack  is  extended  to  windward,  and  by  its  great  breadth  pre- 
venting the  ship  from  falling  to  leeward  when  close-hauled,  so 
much  as  she  would  otherwise  do.  It  also  alTords  a  greater 
security  to  the  bowsprit,  by  increasing  the  angle  of  the  bob- 
stay,  so  as  to  make  it  act  more  perpendicularly  on  the  bow- 
sprit. The  knee  of  the  head,  is  a  phrase  peculiar  to  shipwrights  ; 
but,  by  seamen,  it  is  called  the  cut-water.     See  Cut-watkr. 

KNIFE,  a  well-known  instrument,  made  for  cutting,  and 
adapted  in  form  to  the  uses  for  which  it  is  designed.  Knives 
arc  said  to  have  been  first  made  in  England  in  15G3,  by  one 
Matthews,  on  Fleet  niid:;e,  London.  The  importation  of  all 
sorts  of  knives  is  prohibited. 

KNIGHT,  properly  signifies  a  person,  who,  for  his  virtue 
and  martial  prowess,  is  by  the  king  raised  above  the  rank  of 
gentlemen  into  a  higher  class  of  dignity  and  honour.  The  ce- 
remonies at  the  creation  of  knights  have  been  various  :  the  prin- 
cipal was  a  box  on  the  ear,  and  a  stroke  willi  the  sword  on  the 
shoulder  ;  they  put  on  him  a  shoulder  belt,  and  a  gilt  sword, 
spurs,  and  other  military  accoutrements;  after  which,  being 
armed  as  a  knight,  he  was  led  to  the  church  in  great  pomp. 
Camden  describes  the  manner  of  making  a  knight  bachelor 
among  us,  which  is  the  lowest,  though  the  most  ancient  ordrr 
of  knighthood,  to  be  thus  :  the  person  kneeling  was  gently  struck 
on  the  shoulder  by  the  prince,  and  accosted  in  these  words, 
"  Rise,"  or  "  Be  a  knight  in  the  name  of  Ood."  For  the  several 
kinds  of  knights  among  us,  See  Banneret,  Baronet,  Bath, 
Garter,  &c. 

KNIGHTS  of  the  Shire,  or  Knights  of  Parliament,  in  the 
British  polity,  are  two  knights,  or  gentlemen  of  estate,  who  are 
elected  on  the  king's  writ,  by  the  freeholders  of  every  county, 
to  represent  them  in  parliament.  The  qualification  of  a  knight 
of  the  shire  is,  to  be  possessed  of  000/.  per  annum  in  a  freehold 
estate. 

KNIGHT-HEADS,  also  denote  in  a  merchant  ship  two 
strong  frames  of  timber,  fixed  on  the  opposite  side  of  the  main- 
deck,  a  little  behind  the  fore-mast,  which  support  and  enclose 
the  ends  of  the  windlass,  which  accordingly  is  turned  therein 
as  upon  an  axis  :  as  each  of  these  is  formed  of  two  pieces,  they 
may  be' occasionally  separated,  in  order  to  take  ofi' the  turns  of 
the  cable  from  the  windlass,  or  replace  them  upon  it.  They 
are  frequently  called  the  bitts,  and  then  their  upper  parts  only 
are  denominated  knight-heads,  which  being  formerly  embellished 
with  a  figure,  designed  to  resemble  a  human  head,  gave  rise  to 
a  name  they  have  ever  since  retained.     See  Windlass. 

Knight-hkads,  was  formerly  a  name  given  to  the  lower 
jear-blocks,  which  were  then  no  other  than  bitts,  containing 
several  sheaves,  and  nearly  resembling  our  present  top-sail 
sheet-bitts. 

KNITTLB,  a  small  line  composed  of  two  or  three  rope- 
yarns,  either  plaited  or  twisted,  and  used  for  various  purposes, 
particularly  to  fasten  the  service  on  the  cable,  to  sling  the 
sailors'  hammocks,  to  reef  the  sails  by  the  bottom,  &c. 

Knittle,  is  also  a  name  given  to  the  loops  or  buttons  of  a 
bonnet. 

KNOCK-OFF,  an  order  to  cease  any  work. 

KNOT,  a  large  knob  formed  on  the  extremity  of  a  rope, 
generally  by  untwisting  the  ends  thereof,  and  interweaving 
them  regularly  among  each  other :  of  these  there  are  several 


sorts,  (dilTering  in  form,  size,  and  name,  as  shroud  knot,  stop- 
per knot,  overhand  knot  ;  single  wall  knot,  wale  knot,  or  wal- 
nut; double  wall  knot,  wale  knot,  or  walnut;  diamond  knot. 
kop  knot,  reef  knot.  The  bow-line  knot  is  s'o  firmly  made  and 
fastened  to  the  crengles  of  the  sails,  that  they  must  break,  or 
the  sails  split,  before  it  will  slip.  The  sheep-sliank  knot  series 
to  shorten  a  rope  without  cutting  it,  which  may  be  presently 
loosened.  The  wale  knot  is  so  made  with  the  lays  of  a  rope, 
that  it  cannot  slip,  and  serves  for  sheals,  tacks,  and  stoppcr.-i. 
The-  knots  are  generally  used  to  act  as  a  button  in  preventinic 
the  end  of  the  rope  from  slipping  through  an  eye,  or  through 
the  turns  of  a  laniard,  by  which  they  are  sometimes  made  fast 
to  other  ropes. 

Knot,  also  signifies  the  manner  of  tjing  two  ropes  together, 
or  the  end  of  a  rope  to  a  bight  in  the  same. 

Knot,  also  implies  a  division  of  the  long-line,  which  answers 
to  half  a  minute,  as  a  mile  does  to  an  hour,  j.  e.  -^  of  a  mile  : 
hence  we  say,  the  ship  was  going  eight  knots,  which  signifies 
eight  miles  per  hour. 

KNOUT,  the  name  of  a  punishment  inflicted  in  Russia,  with 
a  kind  of  whip  called  knout,  and  made  of  a  long  strap  of  lea- 
ther prepared  for  the  purpose.  With  this  whip  the  execution- 
ers dexterously  carry  off  a  slip  of  skin  from  the  ncclc  to  the 
bottom  of  the  back  laid  bare  to  the  waist,  and  repeating  their 
blows,  in  a  little  while  rend  away  all  the  skin  of  the  bark  in 
parallel  stripes.  In  the  common  knout,  the  criminal  receive i 
the  lashes  suspended  on  the  back  of  one  of  the  executioners; 
but  in  the  great  knout.  «hieh  is  generally  used  on  the  same 
occasions  as  racking  on  the  wheel  in  France,  the  crirnin:!! 
is  raised  into  the  air  by  means  of  a  pulley  fixed  to  t!ie  gallows, 
and  a  cord  fastened  to  the  two  wrists  tied  together ;  a  piece  of 
wood  is  placed  between  his  two  legs,  also  tied  together,  and 
another  of  a  crucial  form  under  his  breast;  sometimes  his 
han<ls  are  tied  behind  over  his  back,  and  when  he  is  pulled  up 
in  this  position,  bis  shoulders  are  dislocated.  The  execution- 
ers can  make  this  punishment  more  or  less  severe ;  and  it  is 
said,  are  so  dexterous,  that  when  a  criminal  is  condemned  to 
die,  they  can  make  him  expire  at  pleasure,  either  by  one  or 
several  lashes. 

KNOWLEDGE,  is  defined  by  Mr.  Locke  to  be  the  percep- 
tion of  the  connexion  and  agreement  or  disagreement  and 
repugnancy  of  our  ideas. 

In  his  fifth  book  of  the  Grammar  of  Logic  and  Intellectual 
Pl)ilosophy,  the  Editor  has  given  a  Syllabus  of  the  Philosophy 
of  Human  Knowledge,  and  the  following  Prospectus  is,  there- 
fore, but  a  very  limited  draught  of  that  abstract. 

The  Words  History,  Philosophy,  and  Poetry,  taken  in 
their  most  extensive  meanings,  may  be  said  to  compreheni 
every  branch  of  human  knowledge.  But  history  addresses 
itself  to  the  ;Vei;iori/;  Philosophy  .totheUnderstandIng ;  and  Poe- 
try to  the  Imnyination.  The  i'hilosophy  of  Human  Knowledge 
will  therefore  be  divided  into  three  great  compartments,  adapt- 
ed to  thesethrre  faculties  — the  Memory,  the  Understanding,  and 
the  Imagination.  According  to  this  arrangement.  Human 
Knowledge  may  be  considered  as  it  is  addressed  to  the  memo- 
ry, under  the  title  of  History.  But  history  is  a  word  of  extcn- 
•sive  import,  and  suggests  a  subdivision  of  its  materials  into 
three  parts,  under  the  respective  titles  q(  Sacred.  Vivit,  iiud  ,Vri- 
tural  Historij.  Under  the  first  title,  ecclcsiasliL;d  history,  the 
science  of  language  arranges  the  narrative  parts  of  revelation 
— the  history  of  the  Jews, — the  propagation  and  the  progress  o. 
Christianity,  &e.  Under  the  second  title— C'lri/,  or  Profane 
History,  Literary  History,  Memoirs,  Annals,  Biografdiy,  .Anti- 
quities, Chronology,  and  Geography,  demands  attention.  The 
third  title,  which  Lord  Bacon  calls  iN'niFTrnVi?,  comprehends  the 
following  subordinate  divisions,  vi:. —  1.  Productions  of  Na- 
ture, as  the  phenomena  of  the  Heavens,  the  Atmosphere,  and 
the  Earth  ;  2.  The  three  Kingdoms  of  Nature,  as  ^linerals. 
Vegetables,  and  Animals;  3.  A  Delineation  of  the  iMechanical 
Arts  and  Manufactures. 

The  Philosophy  of  Human  Knowledge,  addressed  to  the  un- 
derstanding, views  all  the  sciences  and  the  theories  of  all  the 
arts,  or,  in  other  words,  the  Philosophy  of  the  knowledge  of 
mind  and  the  knowledge  of  bod i/. 

In  considering  knowledge  as  referring  to  mind  unconnected 
with  body,  or  to  mind  and  body  connected,  or  to  body  uucun- 
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nectcd  with  mind,  we  are  led  to  the  contemplation  of  the  doc- 
trines and  principles  which  result  from  those  attributes  which 
revelation  assigns  to  Deity,  and  thence  to  a  delineation  of 
the  Philosophy  of  Natural  Religion,  and  part  of  the  science  of 
Metaphysics. 

The  branches  of  knowledge  relative  to  man  and  human  nature, 
which  belong  to  this  division,  respect  either  the  faculties  of  his 
mind,  or  the  use  which  he  makes  of  those  faculties  :  first,  in  ac- 
quiring and  communicating  knowledge ;  and  secondly,  in  ac- 
quiring happiness.  Thus  we  launch  into  a  philosophical  view 
of  those  sciences  which  embrace  the  general  history  of  the 
faculties  of  the  mind,  and  the  exertions  of  those  faculties  in  all 
that  is  valuable,  in  Logic,  in  Rhetoric,  and  in  Morality.  The 
terms  logic  and  rhetoric  are  generally  applied  to  intimate  the 
philosophy  of  those  arts  in  the  cullivation  of  Taste,  Criticism, 
the  Belles  Lettres,  or  polite  Literature  ;  and  as  their  study  qua- 
lifies us  to  determine  the  merits  ofcompositionsor  worksof  art. 
Hloralitif,  or  the  science  of  happiness,  divides  itself  into  two  dis- 
tinct branches  ;  one  relative  to  individuals,  and  the  other  rela- 
tive to  communities.  The  former  comprehends  many  impor- 
tant topics  ef  investigation,  founded  on  the  principles  of  virtue, 
the  laws  of  human  conduct,  obligations  to  integrity,  and  duties 
to  our  Creator,  oar  neighbour,  and  ourselves.  The  second, 
the  morality  that  regards  communities,  constitutes  the  science 
of  politics,  which  resolves  itself  into  three  branches  ;  the  first 
containing  the  laws  of  peace  and  war,  or  the  rules  which  guide 
the  intercourse  of  communities,  founded  on  the  practice  of  civi- 
lized nations,  and  the  dictates  of  equity  ;  the  second  deline- 
ating the  diflerent  civil  governments  which  have  been  contrived 
or  adopted,  to  secure  the  safety  of  states,  with  the  prosperity 
and  comfort  of  individuals  ;  and  the  third  exhibiting  economi- 
cal arrangements,  or  the  laws  which  punish  crimes,  and  encou- 
rage industry,  and  which  protect  and  cherish  commerce  and 
the  arts. 

Human  Knowledge,  relative  to  body,  animated  or  inani- 
mate, is  divided  into  three  branches  ; — the  first  contains  the 
metaphysics  of  body,  or  the  philosophy  of  its  general  properties, 
extension,  solidity,  impenetrability,  motion,  &c.  The  second, 
regarding  the  surfaces  of  bodies,  investigates  the  importance 
of  the  truths,  and  the  value  of  the  evidence,  furnished  by  Arith- 
metic, Geometry,  and  Natural  Philosophy.  The  third,  viewing 
the  internal  parts  of  bodies,  explains  those  branches  of  phi- 
losophy which  regard,  first,  the  general  laws  or  properties  of 
bodies;  secondly,  the  internal  structure  of  animals,  with  their 
diseases  and  cures;  and  thirdly,  the  ingredients  or  component 
parts  of  bodies.  The  first  constitutes  the  science  of  Natural 
History;  the  second.  Medicine;  and  the  third.  Chemistry. 

The  Philosophy  of  Human  Knowledge,  addressed  to  the 
Imagination,  may  be  briefly  quoted  in  the  successive  terms.  Poe- 
try, Sculpture,  Architecture,  Painting,  Gardening,  and  Music. 

The  term  Poetry  is  not,  however,  restricted  to  metrical  com- 
positions, but  includes  all  ornamental  and  figurative  composi- 
tions, addressed  to  the  imagination  and  the  heart.  Under  the 
title  Sculpture,  are  comprehended  the  productions  of  antiquity 
which  have  served  as  models  and  standards  of  excellence  to  the 
raoderns,and  called  forth  their  exertions  to  rival  the  age  of  Peric- 
les, that  aera  of  luxury  and  splendour,  which  gave  it  the  title  of  the 
Golden  Age  of  the  arts  in  Greece.  Statuary  appears  in  three 
splendid  aeras  ;  first,  when  it  displayed  itself  with  such  surpris- 
ing lustre  in  the  productions  of  the  antique  statues;  secondly, 
when  it  was  revived  under  Leo  X. ;  and  lastly,  in  our  own  times, 
wherein  we  behold  geniuses  animated  by  a  similar  spirit  of  taste, 
and  a  similar  solidity  of  judgment,  as  formed  the  Grecian  pain- 
ters Apelles  and  Zeuxis,  and  the  sculptors  Phidias  and  Praxi- 
teles. On  principles  somewhat  analagous.  Knowledge  extends 
to  Architecture  and  Painting,  but  of  Gardening  and  Music 
antiquity  furnislies  no  standards  or  models  of  taste  to  the 
moderns,  with  which  their  acquirements  may  be  compared. 

Confining  our  views  to  the  reality  of  knowledge,  it  is  evident 
that  the  mind  knows  not  things  immediately,  but  by  the  inter- 
vention of  the  ideas  it  has  of  them.  Our  knowledge  therefore, 
is  only  real,  so  far  as  there  is  a  conformity  between  the  reality 
of  things  and  our  ideas  of  that  reality.  Now  there  are  two 
classes  of  ideas  in  which  this  agreement  may  be  traced,  and 
these  are,  our  simple  ideas,  and  those  which  are  generally 
denominated  complex. 


As  the  human  mind  can  by  no  means  make  to  itself  simple 
ideas,  it  is  obvious  that  they  must  be  the  effect  of  things  ope- 
rating upon  it  in  a  natural  nay,  and  producing  therein  those 
perceptions,  which  by  the  will  and  appointment  of  God,  they 
are  adapted  to  produce.  Hence,  it  follows,  that  simple  ideas 
are  not  the  fictions  of  fancy,  but  the  natural  and  regular  pro- 
duction of  things  without  us,  really  operating  upon  us,  and 
carrying  with  them  all  the  conformity  our  state  requires,  which 
is  to  represent  things  under  those  appearances  they  are  fitted 
to  produce  in  us.  Thus  the  idea  of  whiteness,  as  it  is  in  the 
mind,  exactly  answers  that  power  which  is  in  any  body  to  pro- 
duce it  there.  Similar  remarks  may  be  made  respecting  all 
our  simple  ideas  ;  and  this  conformity  between  them  and  the 
existence  of  things,  is  safficient  for  the  purposes  of  real  know- 
ledge. 

All  our  complex  ideas,  excepting  those  of  substances,  which 
are  involved  in  much  obscurity,  being  archetypes  of  the  mind's 
own  making,  and  not  referred  to  the  existence  of  things,  as  to 
their  originals,  cannot  want  any  conformity  necessary  to  real 
knowledge  ;  for  that  which  is  not  designed  to  represent  any 
thing  but  itself,  can  never  be  capable  of  any  wrong  represen- 
tation. 

Hence  it  appears,  that  our  simple  ideas  produced  by  things 
without  us,  operating  upon  the  senses,  furnish  the  sterling 
materials  of  all  our  knowledge.  The  mental  storehouse  being 
thus  enriched,  the  mind  can  combine,  arrange,  and  associate 
them  at  pleasure,  and  thus  trace  agreements  or  disagreements 
in  the  combinations  which  it  forms.  By  these  means  error  can 
be  detected,  new  truths  elicited,  and  in  this  rich  and  fertile 
region,  fancy  can  exercise  her  creative  energy,  and  give  birth 
to  works  of  taste  and  genius. 

Whatever  ideas  we  have,  the  agreement  we  find  they  have 
with  others  will  be  knowledge.  If  those  ideas  be  abstract,  it 
will  be  general  knowledge  ;  but  to  make  it  real  concerning  sub- 
stances, the  ideas  must  be  taken  from  the  real  existence  of 
things.  Wherever,  therefore,  we  perceive  the  agreement  or 
disagreement  of  our  ideas,  there  is  certain  knovvledge ;  and 
wherever  we  are  sure  those  ideas  agree  with  the  reality  of 
things,  there  is  cert;iin,  real  knowledge. 

KORAN,  or  Alkorax,  the  name  of  the  book  held  equally 
sacred  among  the  Mahometans,  as  the  Bible  is  among  Chris- 
tians. The  general  aim  of  the  Koran  was,  to  unite  the  profes- 
sors of  the  three  different  religions  then  followed  in  Arabia, 
Idolaters,  Jews,  and  Christians,  in  the  knowledge  and  worship 
of  one  God,  under  the  sanction  of  certain  laws,  and  the  out- 
ward signs  of  ceremonies,  partly  of  ancient,  and  partly  of 
novel  institution,  enforced  by  the  consideration  ol  rewards  and 
punishments,  both  temporal  and  eternal ;  and  to  bring  all  to  the 
obedience  of  Mahomet,  as  the  prophet  and  ambassador  of  God. 
The  chief  point  therefore  inculcated  in  the  Koran  is  the  unity 
of  God,  to  restore  which  the  prophet  confessed  was  the  chief 
end  of  his  mission.  The  rest  is  taken  up  in  prescribing  neces- 
sary laws  and  directions,  frequent  admonitions  to  moral  and  di- 
vine virtues,  the  worship  and  reverence  of  the  Supreme  Being, 
and  resignation  to  his  will. 

The  style  of  the  Koran  is  generally  beautiful  and  fluent,  con- 
cise, but  often  obscure,  adorned  with  bold  figures :  enlightened 
with  florid  and  sententious  expressions  ;  and  in  many  places, 
especially  where  the  majesty  and  attributes  of  God  are  descri- 
bed, sublime  and  magnificent.  Among  Mahometans  this  book 
is  held  in  the  greatest  reverence  and  esteem.  They  suppose  it 
to  be  of  divine  original,  eternal,  and  uncreated;  and  that  it 
was  revealed  to  Mahomet  by  the  angel  Gabriel  ;  dare  not  touch 
it  without  being  first  washed,  or  legally  purified  ;  and  read  it 
with  great  care  and  respect.  They  swear  by  it,  take  omens 
from  it  on  all  weighty  occasions,  carry  it  with  them  to  war, 
write  sentences  of  it  on  their  banners,  adorn  it  with  gold  and 
precious  stones,  and  do  not  suffer  it  to  be  in  the  possession  of 
any  who  hold  a  different  religion.  It  has  been  translated  into 
English. 

KOS,  in  Jewish  Antiquity,  a  measure  of  capacity,  containing 
about  four  cubic  inches  ;  this  was  the  cup  of  blessing,  out  of 
which  they  drink  when  they  gave  thanks  after  solemn  meals, 
like  that  of  the  passover. 

KUPFKRNICKEL.  is  a  sulphuret  of  nickel,  and  is  general- 
ly compounded  of  nickel,  arsenic,  and  sulphnret  of  iron. 


no 


